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Urban areas expose wildlife to an array of novel predators, amongst which, humans and dogs are highly
frequent. Thus, wild animals living in urban areas are forced to invest more time and energy in defence
behaviours, which depend on how the risk is perceived and assessed. We experimentally tested whether
Burrowing owls coming from rural and urban habitats showed differences in behavioural responses
when facing humans and domestic dogs. We measured flight initiation distances (FIDs), nest returning,
and aggressiveness level when owls faced a human and a human with a dog walking towards them. Our
results showed that urban owls recognise a human with a dog as a greater threat than a human alone,
thus indicating that fear of domestic animals should be considered as affecting owls’ settlement in cities
and towns. On the other hand, rural owls perceived human and dogs as similar threats, but showed higher
FIDs, less aggressiveness, and lower tendency to return to the nest than urban owls in both treatments.
These findings emphasize the importance of modified habitats in modelling the response of urban and
rural owls to predators and represent another step in the explanation of how wild animals assess and
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respond to threats associated with living in urbanized environments.
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1. Introduction

Human activities often have negative impacts on wildlife. Effects
are diverse, ranging from local extinction to changes in behaviour,
life history traits, and physiology (Ditchkoff et al., 2006; Mapoller,
2008; Partecke et al., 2006; Tuomainen and Candolin, 2011). The
capacity of animals to survive in human disturbed habitat depends
on their abilities to cope with and adapt to the resulting new condi-
tions (Carrol et al., 2007). One of the main consequences of human
population growth is the increase of urbanized areas (Vitousek
et al,, 1997). Urban development has significant effects on wildlife
density, distribution and behaviour (Palmer, 2003; Shanahan et al.,
2014). While a great number of local species reduce their abun-
dance and occurrence in response to increasing urbanization, a
smaller number can survive in these highly disturbed areas. Thus,
wildlife in urban habitats are usually tolerant species that are able
to cope and adapt to high levels of human stimuli (Samia et al.,
2015).
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The capacity to live in urbanized areas has been widely stud-
ied in several bird species (e.g. Mikula, 2014; Partecke et al., 2006;
Sol et al,, 2013). Such studies show that these species perceive
urban habitats as ecological opportunities, which allow them to
proliferate and expand their distributions (Sol et al., 2013). Usually
modification of behaviour (i.e. by learning) is the first response to
habitat changes. Thus, the ability to adjust their behavioural reper-
tory rapidly to changing conditions (i.e. altered habitat selection,
changes on vigilance rate, and changes on resource use) ultimately
prevents individuals from suffering fitness losses (Sih et al., 2010;
Sol et al., 2013; Tuomainen and Candolin, 2011).

Since species living in cities and towns are regularly con-
fronted by humans, risk perception is an important aspect of
their behaviour, given that human represents a form of preda-
tion risk (Frid and Dill, 2002; Jiménez et al., 2013). However,
human presence might be also perceived as nonthreatening if a
species can habituate to frequent harmless confrontations reduc-
ing their responses through a learning process (Rankin et al., 2009).
Alternatively, a growing body of literature suggests that, within a
population, only those individuals that are preconditioned to be
tolerant to novel settings and thus capable of dealing with their
challenges (e.g. constant human presence), succeed and thrive in
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habitats with high human influence (Carrete and Tella, 2010, 2013;
Sih et al., 2012; Sol et al., 2013). However, most behaviour is deter-
mined by a mixture of both innate (genetically fixed) and learned
features and the combination that best tracks and cope with envi-
ronmental changes will result in the optimal behaviour phenotype
(Brown, 2012).

In addition to increased human density, urban landscapes show
considerable variation in assemblages of predators compared to
rural and native landscapes (Meller and Ibafiez-Alamo, 2012).
While urban habitats contain a high density of domestic animals
that prey on wildlife [e.g. cats (Felis catus) and dogs (Canis lupus
familiaris); Mgller and Ibafiez-Alamo, 2012; Randler, 2006], rural
habitats hold a larger diversity of native predators (Shanahan et al.,
2014) such as carnivores and raptors (Ditchkoff et al., 2006; Mgller
and Ibafiez-Alamo, 2012). The change in predator assemblages
between rural and urban areas could have important consequences
for the development of anti-predatory behaviours (Mikula, 2014;
Megller and Ibafiez-Alamo, 2012). In this sense, animals should be
able to recognise if novel predators are real or potential threats and
only display an anti-predatory behaviour when it is appropriate to
do so to avoid energetic losses (Lima and Dill, 1990).

Birds usually react to predators by adopting escape behaviours
(Blumstein, 2014; Mpller and Ibafiez-Alamo, 2012), and such
behaviours provide insight about species risk-perception. Flight
initiation distance (FID), which is defined as the distance at which a
bird flies due to the presence of an approaching stimulus, provides
a standardized estimate of the risk that an individual is willing to
take when facing a real or potential predator (Blumstein, 2006).
This kind of stress response is costly if it is elicited frequently.
For that reason, if human and domestic animals are perceived
as a threat and prompt birds to fly whenever they are detected,
living in urban areas might become energetically too costly and
urban environments might attract individuals with reduced sensi-
tivity to frequent stressors (Kenney and Knight, 1992). Thus, the
study of the variations in risk perception measured as FID pro-
vides information about the ability of animals to adapt to changing
environmental conditions such as those emerging in urban envi-
ronments (Blumstein, 2006; Mgaller, 2008).

The Burrowing owl (Athene cunicularia) is a ground nesting rap-
tor that can be found across American open landscapes such as
treeless plains, grasslands, prairies, savannah, golf courses, road
verges, airports, and vacant lots on residential and periurban areas
(Poulin et al., 2011). This owl, at its southernmost distribution in
central Argentina, is a year-round resident and excavates its own
burrows (Marks et al., 1994). Mating pairs are territorial, highly
conspicuous in the daylight and are easily located near their nests
(Marks et al., 1994). The behavioural response of this owl to a
predator stimulus can be easily measured by assessing an array
of stereotyped behaviours, such as retreating underground in the
burrow, flying away, making alarm calls, adopting threatening pos-
tures, diving attacks (Coulombe, 1971; Fisher et al., 2004; Thomsen,
1971). The analysis of the behavioural response to predators by
Burrowing owls inhabiting urban and rural areas might provide
valuable information to help understand the success of this species
dwelling in urban habitats.

Although humans and dogs can be both perceived as threats for
wildlife, it has been argued that most human activities represent
potential, non-threatening stimuli (Ditchkoff et al., 2006; Steven
et al., 2011), whereas dogs may represent a real threat with nega-
tive effects on birds (Banks and Bryant, 2007; Mainini et al., 1993).
We hypothesize that the ability of the Burrowing owl to succeed in
urban habitats is explained in part by its capacity to discriminate
betweenreal and potential threats. To test this, we designed a study
to assess the effect of the type of predator (pedestrian and dog) on
risk perception (i.e. estimated by their behavioural response) of
Burrowing owl’s individuals coming from rural and urban habitats.

We predict that if owls are able to differentiate between frequent
stressors and turn down their response (habituation hypothesis)
then urban owls, which are exposed to a higher encounter rate
of potential and real predators, would have lower responses (i.e.,
shorter FIDs, less aggressiveness) compared to rural owls. Alterna-
tively, if owls living in urban habitats are the result of a selection
process, then a fixed phenotype would be observed (i.e. shorter
FIDs, higher aggressiveness levels). In addition, since predator type
may be translated into the type of behavioural response elicited,
we predict that the anti-predatory responses by Burrowing Owl will
vary depending on the predation risk perception that each predator
stimulus represents.

2. Material and methods
2.1. Study area

The study was conducted in urban and rural habitats in the
southeastern Pampas region from Argentina. Different urban local-
ities and rural areas were sampled between Mar Chiquita village
(37° 44.6’ S; 57° 25.7 W) and Mar del Plata city (38° 00.8' S;
57° 33.1’ W). This area, dominated in the past by dunes, wetlands
and grasslands, is nowadays a mosaic of different land-uses where
agroecosystems (grazing fields, croplands, and pasturelands) and
urbanizations dominate the landscape (Pedrana et al., 2008). The
urban area encompasses 7950 ha and holds more than half a mil-
lion inhabitants (366.6 habitants per km?). During summer months
(December—March), the study area receives between 2 and 3 mil-
lion tourists (Bouvet et al., 2005), thus being the most populated
coastal area in Argentina (Juarez and Mantobani, 2006). The climate
of this region is mesothermal with the lowest monthly temperature
in July (mean=6.7 °C) and the highest in January (mean=21.1°C).
Maximum rainfall occurs in January (mean=124.2 mm) and mini-
mum in June (mean=21.5 mm) (Servicio Meteorolégico Nacional).
In this area, Burrowing owls inhabit rural habitats, sand dunes,
and urban habitats (Cavalli et al., 2014a; Pedrana et al., 2008). In
our study, we defined urban habitats as built-up areas where owls
will regularly encounter humans. We consider as urban those owls
which nests were surrounded by more than 35 houses in a radius
of 200 m. Rural habitat comprised open farmlands, grazing fields,
pastures, and croplands. Distance from owl nests to houses in rural
habitats was always greater than 1 km. Thus, the rate of encounter
with humans is greater for urban owls.

2.2. Sampling design and data collection

Sampling was carried out from late September to mid-October
of 2012 and 2014. Prior to data collection, we located Burrowing
owl nests by travelling the areas on foot or vehicle and visually
detecting adult birds on their burrows in rural and urban habitats,
and by on-line censuses (Cavalli et al., 2014b; Conway et al., 2008).

We monitored 17 nests (8 at rural and 9 at urban habitats) in
2012 and 19 nests (6 at rural and 13 at urban habitats) in 2014.
We considered a nest occupied by owls if we saw either an owl or
a sign of an owl (e.g. whitewash, pellets, manure, or other lining
materials) at the nest burrow entrance. Rural nests were located
in large extensions of grazing fields, pasturelands or croplands
where human presence is extremely low since most areas belong
to private properties and pedestrian are not allowed to walk freely
through these fields. Urban nests were located in private and public
gardens and parks where human presence is frequent.

We measured different behavioural indicators of nest defence:
FIDs, escaping distance (the distance at which the owl flies away),
owl nest returning (whether the owl returns to the nest), and
aggressiveness of defence. We obtain FIDs measurements by walk-



62 M. Cavalli et al. / Behavioural Processes 124 (2016) 60-65

ing along a straight line towards male Burrowing owls that were
standing alone outside their nest, distances were recorded by
counting the number of steps between the observer and the owl at
the moment the owl flew away. After nest approaching ended, the
pedestrian hid at a blind and recorded whether owls returned to the
nest after a maximum waiting time of 10 min (owl nest returning).

To assess aggressiveness of defence, we described all owl
behaviours in a digital voice recorder while approaching to each
owl and later classified them according to aggressiveness level.
We ranked behavioural responses from less to more aggressive
(adapted from Fisher et al.,2004),(0) flies away or enters to the nest,
(1) bows and/or vocalizes, (2) owl raises feathers and spreads wings
in order to appear larger, (3) hovers overhead and, (4) performs
dive attacks. The same procedure was followed at both habitats
(urban and rural). To perform statistical analyses we used the most
aggressive response during the observational period.

All data collected were of male individuals to reduce bias based
on sex differences. Males and females at our study sites were previ-
ously captured and banded to make identification easier. For those
nests where banded owls were not present, males were distin-
guished from females by their lighter plumage coloration (Baladrén
et al., 2015). We adhered to guidelines for the use of animals in
research and to the legal requirements of Argentina (permit num-
bers: 2145-14331 and 22500-24871).

Two treatments were repeated to the same owls: (1) pedestrian
with dog (PD), that involved a person walking with a domestic dog
in leash following a straight line and at constant speed of 5km/h
towards Burrowing owl nest, and (2) pedestrian (P), in which a
person alone walked to each nest in a straight line and at a con-
stant speed of 5km/h. Both treatments were developed by the
same person (AVB) and the same dog (an adult middle-sized brown
fur male). Since Burrowing owls are usually resting on the ground
in their nests, we established a starting distance of 200 m for all
nests, thus avoiding variability in behaviour variables associated
with varying starting distances (Carrete and Tella, 2010; Rodriguez-
Prieto et al., 2009). Treatments for the same nest were separated by
5 days to avoid possible habituation to the researcher. The initial
treatment at each nest was determined randomly. All approaches
were made during the morning (0800-12.00 h) to reduce bias due
to time of day. We controlled for weather conditions by testing
defence behaviour only on days under favourable environmental
conditions (i.e. low wind, no rain, no fog; Andersen, 1990; Sproat
and Ritchison, 1993).

To control for the effect of the number of predators approach-
ing to owls (one person or a person and a dog), we performed
a third experiment that consisted in two treatments: (1) having
a person walking towards a male owl that was standing outside
its nest, and (2) having two people walking towards a male owl
that was standing outside its nest. In both treatments we recorded
FIDs, escaping distance, owl nest returning, and aggressiveness of
defence as explained above. The same group of owls was used to
perform both of these treatments. To perform this control treat-
ments we used a set of owls (n=19) different from P and PD
treatments.

2.3. Statistical analysis

Firstly, we performed preliminary analyses to determine the
relationships between sampling years and amongst behavioural
variables. Since values of variables did not differed significantly
between years (Wilcoxon rank test, all P values >0.05), we used
pooled data of 2012 and 2014 for further analyses. In addition, we
decided to exclude escape distance from further analyses, since it
was correlated with FIDs in rural habitats (Spearman rank order
test: rs=0.674, P<0.05). Thus, the data set included the variable
FIDs (continuous, in metre), owl nest returning (bimodal: returns

or non returns to the nest within the 10 min of waiting), aggres-
siveness of the defence behaviour (categorical, ordinal), treatment
(categorical, P and PD) and habitat type (categorical; urban and
rural).

We performed Linear mixed effects models (Ime function) to
test the effect of habitat and treatment (explanatory variables)
or both (contrasts) on FID (response variable, log transformed)
(Crawley, 2007; Zuur et al., 2009) with a Gaussian error distribu-
tion and identity link function (package nlme; Pinheiro and Bates,
2000). Male identity (n=36) was included as a random term (~1
| male identity) specifying a random intercept model since a ran-
dom slope for each individual in each situation (random intercept
and slope model) did not result in a better model according to AIC
values (Zuur et al., 2009).

In order to evaluate if owl nest returning (response variable,
bimodal) depends on habitat type and treatment (categorical
explanatory variables, two levels) or both (contrasts), we fitted a
mixed effect model using the Imer function in the Ime4 package
with a binomial error distribution and including male identity as a
random term (Bates et al., 2014).

A cumulative link mixed model (clmm function) was run to test
the effect of habitat and treatment (explanatory variables) or both
(contrasts) on Burrowing owl aggressiveness behaviour (ordinal
response variable). Male identity was included as a random term
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Fig. 1. Burrowing owls Flight initiation distances (FIDs). FIDs of male Burrowing
owls compared between Pedestrian (P, black bars) and Pedestrian with Dog (PD,
white bars) treatments and between habitats (rural, urban). Whiskers represent
standard error (SE). Asterisks indicate differences among treatments within habi-
tats and letters indicate differences between habitats for the same treatment (after
performing linear mixed effects models, Ime).
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Fig. 2. Burrowing owls’ aggressiveness level. Percentage of urban and rural Burrow-
ing owls males that exhibit different aggressiveness level (0: flies away or enters to
the nest, 1: bows and/or vocalizes, 2: owl raises feathers and spreads wings in order
to appear larger, 3: hovers overhead and, 4: performs dive attacks). P: Pedestrian,
PD: Pedestrian with Dog.
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Table 1

Fixed factors contrasts resulted from linear mixed effects models, mixed effect models and cumulative link mixed models testing the effect of the interactions between (a)
treatments (P: Pedestrian alone, PD: Pedestrian with Dog) and (b) habitats (rural, urban) on male Burrowing owls’ FIDs. Male identity was included in models as a random

factor. Text in bold denotes significant results.

FID Nest return Aggressiveness

General B t P B z P B z P
Urban vs. rural -1.77 -8.78 <0.001 1.80 3.33 0.000 0.80 2.28 0.022
Pvs.PD -0.35 -2.14 0.041 0.28 0.53 0.591 -0.67 -2.44 0.014
Contrasts between factors

Within treatment between habitats
P: urban vs. rural -1.64 —-6.17 <0.001 3.30 3.40 0.000 0.23 0.51 0.605
PD: urban vs. rural -1.90 -7.16 <0.001 0.78 1.10 0.270 1.48 3.02 0.002

Within habitat between treatments
Urban: P vs. PD -0.45 -2.13 0.040 1.57 1.77 0.076 -1.20 -3.24 0.001
Rural: P vs PD -0.19 -0.71 0.479 -0.94 -1.18 0.237 0.04 0.11 0.909

(1] male identity) with probit link function (package ordinal) and
equidistant threshold parameters. Cumulative link mixed models
are models for ordinal response variables and are fitted with the
Laplace approximation (Christensen, 2012).

We performed similar analyses for the control group, includ-
ing FIDs, nest returning latency and aggressiveness behaviour as
response variables in each model and treatment (one person vs.
two people) as explanatory variable. Owl identity was included as
arandom term.

Model adjustments were assessed by plot inspection assessing
normality distribution (qqplot) and homoscedasticity (plot fitted
values vs. residuals of the model). All statistical analyses were car-
ried out using R software, Version 3.0.1 (R Development Core Team,
2015). Values are reported as mean =+ SE except where noted. All
tests were two-tailed, and differences were considered significant
at P<0.05.

3. Results

We did not find an effect of the number of people (one or two)
approaching to male owls in FIDs (8=0.209, tjg=1.411, P=0.174),
owls nest returning (8=0.030, Z;; =0.003, P=0.998) and aggres-
siveness (8=-0.1261,Z;; =-0.259, P=0.795). Consequently we used
the data from one person treatment to perform the remaining anal-
yses.

Overall, we made P and PD approaches to 36 nests (14 at rural
and 22 at urban habitats). Model explaining FIDs variability showed
an effect of habitat and treatment(Table 1). On one hand, burrowing
owls’ responses to treatment (PD and P) differed between habi-
tats. Males from rural habitats exhibited longer FIDs compared to
urban males in both treatments (Table 1, Fig. 1). On the other hand,
the response to treatments was different within each habitat type
(Table 1). Urban males showed longer FIDs in response to PD treat-
ment compared to P treatment, while no differences were detected
between treatments for rural males (Fig. 1).

Burrowing owls returned more frequently to the nest in urban
compared to those at rural habitats (Table 1). Overall, in urban habi-
tats 79.5% of male owls returned to their nest after treatments while
nest returning percentage was 39.2% for rural owls. We did not find
an effect of the treatment within habitats (see Table 1). During P
treatment urban owls tended to return more to their nest than rural
owls (90.91% vs. 28.57% respectively, see Table 1).

Aggressiveness level exhibited by Burrowing owls at urban habi-
tat was higher than that at rural habitats (8=0.802, Z=2.287,
P=0.022). Urban owls showed a similar aggressive level than rural
owls (P treatment) but showed more aggressive behaviours when
they were exposed to PD treatments (Table 1). We found that urban
males were more aggressive when exposed to PD treatment com-
pared to pedestrian alone (8=1.207, Z=3.246, P=0.001), while no

differences were detected in this variable between P and PD in rural
habitats (8=0.048, Z=0.429, P=0.909, Fig. 2).

4. Discussion

Burrowing owls risk perception differed between urban and
rural habitats. We found that urban owls were more aggressive,
had shorter FIDs, and returned to their nests more frequently than
their rural counterparts when faced to an approaching human and
a domestic dog. We had predicted that urban owls, which are
exposed to a higher encounter rate of potential and real predators,
would have lower responses than rural owls if they were able to
turn down their response after recognizing frequent stressors. This
prediction was partially supported by our results, since even though
FIDs were shorter at urban habitats, aggressiveness level was
always more intense. In addition, we found that different predator
types elicited different responses in urban Burrowing owls, which
were characterized by longer FIDs and increased aggressiveness in
front of a PD treatment than in P treatment. These results indicate
that, at least for urban owls, the risk perception was higher at dog
presence than during the confrontation of a pedestrian alone.

We found that nest returning behaviour was different between
owls from rural and urban habitats, with urban owls returning more
to their nest than rural ones. Such differences might be due to the
recovery time after risky stimuli are perceived. That is, rural owls
take longer to return to their normal behaviour after a stressful sit-
uation (P and PD approaches) than urban owls. Stress response is
mediated by hormonal adjustments, mainly by the modulation of
adrenocortical system (Atwell et al., 2012; Partecke et al., 2006).
Rural owls might be undergoing a more intense release of corticos-
terone compared to urban owls which could be related to a higher
risk perception when facing a same stimulus. Another aspect to
be considered is the time needed to turn-off the stress response
and resume to a normal behaviour, aspect that has been shown
to vary between individuals within a same species in mammals
(Neufeld-Cohen et al., 2010).

Burrowing owls responded differently to both treatments (P
and PD) according to the habitat used for nesting. This finding
indicates that owls living at urban habitats may tolerate humans’
presence near the nest, but when a critical approaching distance is
exceeded an aggressive response is triggered. Rural owls, in con-
trast, show a different strategy avoiding aggressive encounters by
flying earlier when a potential predator is detected and non aggres-
sive behaviours were dominant. The strategy followed by rural owls
would be associated with the risk perception and predator avoid-
ance, since they might perceive P and PD in similar way, as real
predators, and then the best strategy might be to avoid revealing
nest position by flying earlier, regardless of predator type. On the
other hand, urban owls may have the capacity to respond differen-
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tially in front of human alone or with a dog. In this sense, there is
evidence indicating that some urban birds have the ability to dis-
criminate even between different people and their approaching.
This has beenrelated to a high general cognitive ability and/or rapid
learning capacity in these individuals (Levey et al., 2009; Marzluff
etal., 2010), feature that has been linked to their success colonizing
urban habitats (Sih et al., 2010; Sol et al., 2013).

Human and dog presence in rural habitats is low since most
of the sampled area belong to private properties with restricted
access. However, given that animals rarely have perfect infor-
mation about their predators, they are expected to overestimate
rather than underestimate predation risk to maximise fitness (Frid
and Dill, 2002). This seems to be another plausible explanation
of the lack of difference in owls’ response between treatments
in rural habitats. On the other hand, human presence is much
higher in urban than in rural habitats, hence fleeing from each
human that pass by walking might represent a cost too high for
urban owls. In this sense, stressful situations such as exposure
to predator represents a trade-off that would favour the ability
to distinguish stimulus with different threat level, eliciting stress
when a stimulus is reliable enough to warrant the costs associated
with hormonal activation. Thus, urban owls should learn to distin-
guish between real or potential predator and reduce its sensitivity
to frequently occurring stressors such as humans (Mgller, 2008;
Marzluff et al., 2010) while remaining alert to real predators such
as domestic dogs. Considering this, previous studies have suggested
that repeated exposure to novel stressors allow animals to acquire
and retain information regarding its relevance (i.e. riskiness). This
means that while response to stressors is enhanced when repre-
sents a risk, it can also wane if they are experienced repeatedly
without being associated with a real risk, (Brown et al., 2015).

Dogs have negative effects on wildlife (Ditchkoff et al., 2006)
and they also resemble foxes, which are typical predators of native
and rural habitats of the Pampas (Redford and Eisenberg, 1992).
Considering that animals have evolved generalised anti-predator
responses to similar threatening stimuli (Frid and Dill, 2002), owls
might show an innate recognition to dogs as predators, which
would trigger long FIDs responses. However, this behaviour can be
modified as a result of experience (i.e. learning) during ontogeny
to produce an optimal response specific to more local conditions
(Brown, 2012). For example, Brown et al. (2013) found that fear
response to novel predator cues is determined by exposure to fear-
ful situation during critical juvenile periods in fishes. Similarly, in
urban birds early exposure to frequent and harmless human pres-
ence could favour the development of a lower response to them
(shorter FIDs).

From our sampling we are not able to state which is the
mechanism underlying behavioural differences (i.e. personality,
behavioural plasticity via learning processes) between urban and
rural owls in response to treatments; though a clear pattern of
individuals differing in their behaviour phenotype is emerging and
becoming evident at each habitat. Urbanization might be acting
as a selective force and only more tolerant individuals would be
able to dwell and succeed on urban areas (i.e. phenotypic habitat-
selection hypothesis, Carrete and Tella, 2010). FIDs also have been
considered a consistent trait in Burrowing owls lifespan (Carrete
and Tella, 2013), indicating that personality and not just habitua-
tion alone might be causing flight distance to decrease rapidly with
increasing exposure to humans. However, depending on the degree
that an environment is stable and predictable through space and
time, animals can learn to recognise which stimuli are associated
to danger and which are not and act in consequence by perform-
ing shorter or longer FIDS and different intensity of aggressiveness.
However, since most environments are variable, a certain pheno-
type would not always be optimal and some degree of phenotypic
plasticity would be required (Brown, 2012), especially in changing

habitats such as urban areas (Sol et al., 2013). According to this,
urban environments might be selecting for individuals that are less
fearful of humans and more aggressive in front to predators than
rural environments, though the continuous exposition to the harm-
less and frequently occurring human presence could reduce their
sensitivity to this stressors through learning.

In conclusion, we found that the anti-predatory behaviour of
Burrowing owls differs according to habitat and predator type.
Urban owls recognise human with dogs as a greater threat than
a human alone, indicating that fear of domestic animals should
be considered as one of the possible mechanisms contributing to
whether birds settle in cities and towns or not. On the other hand,
human and dogs seem to represent similar threats for rural owls but
greater than that perceived by urban owls, evidenced by the early
anti-predatory response. Our findings emphasises the importance
of modified habitats in modelling the response of owls to potential
and real predators, and represents another step in the explanation
of how wild animals perceive and respond to potential and real risks
associated with living in urbanized environments. Further research
would contribute to the understanding of how urbanization may
influence selection on personalities and what is the role of learning
and its interplay with personality traits in animals faced to novel
environmental challenges.

Acknowledgements

We thank J. Guido, N. Calvo-Guido and P. Baladrén for their
help during fieldwork. We also thank two anonymous referees for
providing helpful comments on an early draft of the manuscript.
We appreciate the improvements in English usage made by Bruce
Peterson through the Association of Field Ornithologists’ program
of editorial assistance. This study was funded by Universidad
Nacional de Mar del Plata Grant (15-E317), Agencia Nacional de
Promocion Cientifica y Técnica (PICT 12-461). Western Bird Band-
ing Association (student grant to MC) and The Osprey International
Foundation (grant to AVB). MC was supported by a doctoral schol-
arship from CONICET.

References

Andersen, D.E., 1990. Nest-defense behavior of Red-tailed Hawks. Condor 92,
991-997.

Atwell, J.W.,, Cardoso, G.C., Whittaker, D.J., Campbell-Nelson, S., Robertson, KW.,
Ketterson, E.D., 2012. Boldness and stress physiology in a novel urban
environment suggest rapid evolutionary adaptation. Behav. Ecol. 23, 960-969.

Baladrén, A.V., Cavalli, M., B6, M.S., Isacch, J.P., Martinez, G., Madrid, E.A., 2015.
Body size and sexual dimorphism in the southernmost subspecies of the
Burrowing Owl (Athene cunicularia cunicularia). J. Raptor Res. 49, 479-485.

Banks, P.B., Bryant, ].V., 2007. Four-legged friend or foe? Dog walking displaces
native birds from natural areas. Biol. Lett. 3, 611-613.

Bates, D., Maechler, M., Bolker, B., 2014. Ime4: Linear mixed-effects models using
S4 classes, R package version 1. 0-6, <http://CRAN.R-project.org/
package=lme4>.

Blumstein, D.T., 2006. Developing an evolutionary ecology of fear: how life history
and natural history traits affect disturbance tolerance in birds. Anim. Behav.
71, 389-399.

Blumstein, D.T., 2014. Attention, habituation, and antipredator behaviour:
implications for urban birds. In: Gil, D., Brumm, H. (Eds.), Avian Urban Ecology.
Behavioural and Physiological Adaptations. Oxford University Press, Oxford,
pp- 41-53.

Bouvet, Y., Desse, R.P., Morell, P., Villar, Y.M.C., 2005. Mar del Plata (Argentina): la
ciudad balnearia de los portefios en el Atlantico suroccidental. Invest. Geogr.
36, 61-80.

Brown, C., 2012. Experience and learning in changing environments. In: Candolin,
U., Wong, B.B.M. (Eds.), Behavioural Responses to a Changing World.
Mechanisms and consequences. Oxford University Press, Oxford, pp. 46-62.

Brown, G.E., Demers, E.E., Joyce, B.J., Ferrari, M.C., Chivers, D.P., 2015. Retention of
neophobic predator recognition in juvenile convict cichlids: effects of
background risk and recent experience. Anim. Cogn. 18, 1331-1338.

Brown, G.E., Ferrari, M.C., Elvidge, C.K., Ramnarine, L., Chivers, D.P., 2013.
Phenotypically plastic neophobia: a response to variable predation risk. Proc. R
Soc. Lond. B Biol. 280, 20122712.


http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0005
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0005
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0005
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0005
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0005
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0005
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0005
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0005
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0005
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0005
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0010
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0015
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0020
http://CRAN.R-project.org/package=lme4
http://CRAN.R-project.org/package=lme4
http://CRAN.R-project.org/package=lme4
http://CRAN.R-project.org/package=lme4
http://CRAN.R-project.org/package=lme4
http://CRAN.R-project.org/package=lme4
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0030
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0035
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0040
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0045
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0050
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0055

M. Cavalli et al. / Behavioural Processes 124 (2016) 60-65 65

Carrete, M., Tella, J.L., 2010. Individual consistency in flight initiation distances in
burrowing owls: a new hypothesis on disturbance-induced habitat selection.
Biol. Lett. 6, 167-170.

Carrete, M., Tella, J.L., 2013. High individual consistency in fear of humans
throughout the adult lifespan of rural and urban burrowing owls. Sci. Rep. 3,
3524.

Carrol, S.P., Hendry, A.P., Reznick, D.N., Fox, C.W., 2007. Evolution on
ecological-time scale. Funct. Ecol. 21, 387-393.

Cavalli, M., Baladrén, A.V., Isacch, ].P., Martinez, G., B6, M.S., 2014a. Prey selection
and food habits of breeding Burrowing Owls (Athene cunicularia) in natural and
modified habitats of Argentine pampas. Emu 114, 184-188.

Cavalli, M., Baladrén, A.V., Isacch, J.P., B6, M.S., Martinez, G., 2014b. Social networks
and ornithology studies: an innovative method for rapidly accessing data on
conspicuous bird species. Biodivers. Conserv. 23, 2127-2134.

Christensen, R.H.B., 2012. Regression Models for Ordinal Data R package version
2012, 09-11, <http://www.cran.r-project.org/package=ordinal/>.

Conway, CJ., Garcia, V., Smith, M.D., Hughes, K., 2008. Factors affecting detection of
burrowing owl nests during standardized surveys. ]. Wildl. Manage. 72,
688-696.

Coulombe, H.N., 1971. Behavior and population ecology of the burrowing owl,
Speotyto cunicularia, in the Imperial Valley of California. Condor 73, 162-176.

Crawley, M.]., 2007. The R Book. Wiley, West Sussex.

Ditchkoff, S.S., Saalfeld, S.T., Gibson, C.J., 2006. Animal behavior in urban
ecosystems: modifications due to human-induced stress. Urban Ecosyst. 9,
5-12.

Fisher, R.]., Poulin, R.G., Todd, L.D., Brigham, R.M., 2004. Nest stage, wind speed,
and air temperature affect the nest defence behaviours of Burrowing owls.
Can.]. Zool. 82, 707-713.

Frid, A., Dill, L.M., 2002. Human-caused disturbance stimuli as a form of predation
risk. Conserv. Ecol. 6, 11.

Jiménez, G., Meléndez, L., Blanco, G., Laiolo, P., 2013. Dampened behavioral
responses mediate birds’ association with humans. Biol. Conserv. 159,
477-483.

Judrez, V., Mantobani, J., 2006. La costa bonaerense: un territorio particular. In: Isla,
F.L, Lasta, C. (Eds.), Manual de Manejo Costero Para la Provincia de Buenos
Aires. Editorial Universitaria de Mar del Plata, Mar del Plata, Argentina, pp.
41-69.

Kenney, S.P., Knight, R.L., 1992. Flight distances of black-billed magpies in different
regimes of human density and persecution. Condor 94, 545-547.

Levey, DJ., Londofio, G.A., Ungvari-Martin, J., Hiersoux, M.R., Jankowski, J.E.,
Poulsen, J.R., Stracey, C.M., Robinson, S.K., 2009. Urban mockingbirds quickly
learn to identify individual humans. Proc. Natl. Acad. Sci. U. S. A. 106,
8959-8962.

Lima, S.L,, Dill, L.M., 1990. Behavioral decisions made under the risk of predation: a
review and prospectus. Can. J. Zool. 68, 619-640.

Mainini, B., Neuhaus, P., Ingold, P., 1993. Behaviour of marmots Marmota marmota
under the influence of different hiking activities. Biol. Conserv. 64, 161-164.

Marks, J.S., Canning, R.J., Mikkola, H., 1994. Family Strigidae (Typical Owls). In: del
Hoyo, J., Elliot, A., Sargatal, J. (Eds.), Handbook of the Birds of the World. Vol 5:
Barn-owls to Hummingbirds. Lynx Edicions, Barcelona, pp. 76-242.

Marzluff, ].M., Walls, ]., Cornell, H.N., Withey, ].C., Craig, D.P., 2010. Lasting
recognition of threatening people by wild American crows. Anim. Behav. 79,
699-707.

Mikula, P., 2014. Pedestrian density influences flight distances of urban birds.
Ardea 102, 53-60.

Moller, A.P., 2008. Flight distance of urban birds, predation and selection for urban
life. Behav. Ecol. Sociobiol. 63, 63-75.

Moller, A.P., Ibafiez-Alamo, J.D., 2012. Escape behaviour of birds provides evidence
of predation being involved in urbanization. Anim. Behav. 84, 341-348.

Neufeld-Cohen, A, Tsoory, M.M., Evans, A.K,, Getselter, D., Gil, S., Lowry, C.A., Vale,
Wylie W., Chen, A., 2010. A triple urocortin knockout mouse model reveals an
essential role for urocortins in stress recovery. Proc. Natl. Acad. Sci. U. S. A. 107,
19020-19025.

Palmer, C., 2003. Colonization, urbanization, and animals. Philos. Geogr. 6, 47-58.

Partecke, ]., Schwabl, L., Gwinner, E., 2006. Stress and the city: urbanization and its
effects on the stress physiology in European blackbirds. Ecology 87,
1945-1952.

Pedrana, ]., Isacch, J.P., B6, M.S., 2008. Habitat relationships of diurnal raptors at
local and landscape scales in southern temperate grasslands of Argentina. Emu
108, 301-310.

Pinheiro, ].C., Bates, D.M., 2000. Mixed-Effects Models in S and S-PLUS. Springer,
New York.

Poulin, R., Todd, L.D., Haug, E.A., Millsap, B.A., Martell, M.S., 2011. Burrowing owl
(Athene cunicularia). In: Poole, A. (Ed.), The Birds of North America Online.
Cornell Lab of Ornithology, Ithaca, New York.

R Development Core Team, 2015. R: A Language and Environment for Statistical
Computing. R foundation for statistical computing, Vienna, Austria, Available
at <http://www.R-project.org>, (Verified November 2015).

Randler, C., 2006. Disturbances by dog barking increase vigilance in Coots Fulica
atra. Eur. J. Wildl. Res. 52, 265-270.

Rankin, C.H., Abrams, T., Barry, R.J., Bhatnagar, S., Clayton, D.F., Colombo, J.,
Coppola, G., Geyer, M.A., Glanzman, D.L., Marsland, S., McSweeney, F., et al.,
2009. Habituation revisited: an updated and revised description of the
behavioral characteristics of habituation. Neurobiol. Learn. Mem. 92, 135-138.

Redford, K.H., Eisenberg, J.F., 1992. Mammals of the Neotropics, The Southern
Cone: Chile, Argentina, Uruguay, Paraguay, vol. 2. University of Chicago Press,
Chicago.

Rodriguez-Prieto, 1., Fernandez-Juricic, E., Martin, ., Regis, Y., 2009. Antipredator
behavior in blackbirds: habituation complements risk allocation. Behav. Ecol.
20,371-377.

Samia, D.S., Nakagawa, S., Nomura, F., Rangel, T.F., Blumstein, D.T., 2015. Increased
tolerance to humans among disturbed wildlife. Nat. Commun. 6, 8877.

Shanahan, D.F., Strohbach, M.\W., Warren, P.S., Fuller, R.A., 2014. The challenges of
urban living. In: Gil, D., Brumm, H. (Eds.), Avian Urban Ecology. Behavioural
and Physiological Adaptations. Oxford University Press, Oxford, pp. 3-20.

Sih, A., Cote, ]., Evans, M., Fogarty, S., Pruitt, J., 2012. Ecological implications of
behavioural syndromes. Ecol. Lett. 15, 278-289.

Sih, A., Ferrari, M.C,, Harris, D.J., 2010. Evolution and behavioural responses to
human-induced rapid environmental change. Evol. Appl. 4, 367-387.

Sol, D., Lapiedra, O., Gonzalez-Lagos, C., 2013. Behavioural adjustments for a life in
the city. Anim. Behav. 85, 1101-1112.

Sproat, T.M.,, Ritchison, G., 1993. The nest defense behavior of eastern
screech-owls: effects of nest stage, sex, nest type and predator location.
Condor 95, 288-296.

Steven, R., Pickering, C., Castley, J.G., 2011. A review of the impacts of nature based
recreation on birds. J. Environ. Manage. 92, 2287-2294.

Thomsen, L., 1971. Behavior and ecology of burrowing owls on the Oakland
municipal airport. Condor 73, 177-192.

Tuomainen, U., Candolin, U., 2011. Behavioural responses to human-induced
environmental change. Biol. Rev. 86, 640-657.

Vitousek, P.M., Mooney, H.A., Lubchenco, J., Melillo, ].M., 1997. Human domination
of Earth’s ecosystems. Science 277, 494-499.

Zuur, A, leno, E.N., Walker, N., Saveliev, A.A., Smith, G.M., 2009. Mixed Effects
Models and Extensions in Ecology with R. Springer Science and Business
Media, New York.


http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0060
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0065
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0070
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0070
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0070
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0070
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0070
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0070
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0070
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0070
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0070
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0070
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0075
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0080
http://www.cran.r-project.org/package=ordinal/
http://www.cran.r-project.org/package=ordinal/
http://www.cran.r-project.org/package=ordinal/
http://www.cran.r-project.org/package=ordinal/
http://www.cran.r-project.org/package=ordinal/
http://www.cran.r-project.org/package=ordinal/
http://www.cran.r-project.org/package=ordinal/
http://www.cran.r-project.org/package=ordinal/
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0090
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0095
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0100
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0100
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0100
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0100
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0100
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0100
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0105
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0110
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0115
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0120
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0125
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0130
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0135
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0140
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0145
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0150
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0155
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0160
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0165
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0170
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0175
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0180
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0180
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0180
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0180
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0180
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0180
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0180
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0180
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0180
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0180
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0185
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0190
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0195
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0195
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0195
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0195
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0195
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0195
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0195
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0195
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0195
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0200
http://www.R-project.org
http://www.R-project.org
http://www.R-project.org
http://www.R-project.org
http://www.R-project.org
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0210
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0215
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0220
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0225
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0230
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0235
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0240
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0245
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0250
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0255
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0260
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0265
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0270
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0275
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0275
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0275
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0275
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0275
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0275
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0275
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0275
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0275
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0275
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280
http://refhub.elsevier.com/S0376-6357(15)30094-2/sbref0280

	Differential risk perception of rural and urban Burrowing Owls exposed to humans and dogs
	1 Introduction
	2 Material and methods
	2.1 Study area
	2.2 Sampling design and data collection
	2.3 Statistical analysis

	3 Results
	4 Discussion
	Acknowledgements
	References


