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Environmental conditions are key drivers of life-history evolution, and the urban

environment is an extreme form of land-use readily inhabited by avian wildlife, whose

life-history variation in such altered environment is still poorly understood. Recently, the

study of environmental variables associated with urban living—which include shifts in

temperature, light, noise or food availability—has attracted increased attention. Another

environmental axis that sets the urban space at odds relative to natural habitats is high

human abundance, yet very little is known about its effect on avian fitness. We developed

a protocol to quantify human presence by performing repeated counts of humans on the

ground within a 15 m radius of nestboxes monitored in two centrally-located study areas

of a European capital city. In parallel, a GIS-based approach was used to infer nestbox

distance to the nearest path and road. Multiple counts of human presence around

each nestbox yielded moderate to high repeatabilities (0.6 ≤ r ≤ 0.8) while requiring

considerable resources time- and people- wise. In contrast, GIS-based estimates of

nestbox distance to paths and roads were time efficient and generated highly repeatable

results. The effects of (i) human presence around each nestbox, (ii) nestbox distance

to the nearest path and (iii) nestbox distance to the nearest road were tested on

reproductive traits of blue tits Cyanistes caeruleus and great tits Parus major breeding in

two urban sites. Human presence did not influence blue tit or great tit life-history traits

and reproductive success, suggesting reproductive habituation to humans in an urban

landscape. In contrast, nestbox distance to roads shortened incubation time in great tits

while nestbox distance to paths increased incubation time in blue tits. Moreover, blue

tit offspring 2 weeks after hatching were lighter closer to roads. Our study confirms the

reliability of a field protocol capturing human presence around multiple fixed locations

that can be easily implemented in either urban or rural landscapes. At the same time, it

appears that when applied to two urban sites where habituation to humans might have

occurred, it is infrastructural networks rather than human presence per se that played a

greater role in tit reproductive trait variation.

Keywords: human disturbance, habituation, Parus major, Cyanistes caeruleus, life-history traits, paths, roads,

incubation
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INTRODUCTION

Humans are a keystone species in an urban habitat, modifying
and shaping original ecosystem structures with often drastic
consequences for their functionalities (Rees, 1997). Urban space
is a habitat that attracts humans: while 54% of the world human
population already resides in urban settlements, it is likely to
increase to 66% by 2050 (United Nations, 2014). Consequently,
0.5% of the planet’s land area has become urban space (Schneider
et al., 2009), a value that is expected to grow several-fold in the
next decades (Seto et al., 2011).

Urban growth is one of the major causes of natural habitat
loss and fragmentation at a global scale (Grimm et al., 2008)
as it modifies extensively the original landscapes (Shochat et al.,
2006), leading to an overall rearrangement of habitats and animal
communities (McDonnell and Pickett, 1990; Chamberlain et al.,
2009). Urban areas are characterised by impervious surfaces
including buildings and infrastructural networks, but also
modified greenspaces; they encapsulate a multitude of ecological
niches at a local scale, set in a multidimensional space of modified
biotic and abiotic elements and processes (Sprau et al., 2016).
Unavoidable interactions between urban wildlife and humans are
thus increasing in prevalence due to growing urban sprawl taking
over rural areas (Ditchkoff et al., 2006; Grimm et al., 2008). Birds
are a convenient model to study the effects of urbanization on
wildlife, due to their conspicuousness and ubiquity in both cities
and rural sites. Moreover, much knowledge on bird biology is
readily available from long-term studies carried out in the wild,
thus offering a valuable background to infer change occurring in
an urban environment (Savill et al., 2011).

A large number of previous studies have reported changes in
bird ecology triggered by the urban environment (reviewed in
Chace and Walsh, 2006; Gil and Brumm, 2013); these pointed
out how this distinctive habitat may be defined by a multitude of
environmental factors which rarely act in isolation. Overall, even
though cities and towns are generally characterised by altered
climatic profiles (increased minimum temperatures, Marzluff,
2001), predator communities (Churcher and Lawton, 1987) and
food resources (i.e., supplementary feeding by humans; Fuller
et al., 2008; Robb et al., 2008), the latter is emerging as a
paramount in terms of its influence on habitat quality (Solonen,
2001; Robb et al., 2008; Chamberlain et al., 2009).

Urban-driven abiotic factors are also known to impact avian
ecology and breeding biology, such as noise, light and chemical
pollution (Slabbekoorn and Ripmeester, 2008; Dominoni et al.,
2013). Thus, bird species were shown to decline in terms of
richness, density and abundance due to noise pollution (Stone,
2000; Bayne et al., 2008; Mockford and Marshall, 2009). At
the population level, noise pollution was found to induce an
increased pitch in birds or a shift in their singing activity
to the night time, avoiding noisy periods (Slabbekoorn and
Peet, 2003; Kirschel et al., 2009; Nemeth and Brumm, 2009).
Artificial night lighting—light pollution—may attract many birds
during their nocturnal migration: harsh consequences for such
important detours are an increased number of predation events
and/or collisions with artificial structures in cities (van de Laar,
2007, reviewed in Erritzoe et al., 2003), as well as a reduction

in energy storage or delayed arrival at wintering or breeding
areas (Seress and Liker, 2015). Light pollution can also affect
bird behaviour by advancing avian singing time at dawn and
dusk (Da Silva et al., 2014). Finally, the increased exposure to
environmental toxic chemicals—chemical pollution—can affect
birds’ physiology and phenotype directly but also indirectly
because of habitat alterations or parasites spread (Morrison,
1986; Eeva et al., 1994; Fry, 1995; Isaksson, 2015).

While the effect of a large range of human triggered,
biotic and abiotic variables specific to urban landscapes have
been tested on avian reproductive traits, knowledge on the
“direct” effect of human presence on avian reproduction is
much more limited. Humans (often deterministically defined as
“human disturbance”) are known to trigger various responses
in terms of changes in animal distribution, demography and
population size (as reviewed in Gill, 2007). Earlier studies
often tested the effect of human disturbance on bird species
by inducing artificially different levels of noise, but without
explicitly linking noise treatment levels to real life distribution
of visitors on the ground (Lord et al., 2001; Verhulst et al.,
2001; Baines and Richardson, 2007). Moreover, the direct effect
of human disturbance at the individual level has largely focused
on behavioural responses, where flush distance (Fernández-
Juricic and Tellería, 2000; Miller et al., 2001; Tarjuelo et al.,
2015), feeding patterns (Fernández-Juricic and Tellería, 2000)
or physiological responses (e.g., increased corticosterone levels;
Fowler, 1999; Walker et al., 2006; Ellenberg et al., 2007;
Almasi et al., 2015) were measured. However, knowledge on
the direct effect of human presence on individual fitness in
an urban habitat is limited, as variation in life-history traits
and reproductive success caused by human presence has been
largely investigated in non-urban habitats and largely in non-
cavity nesting bird species (Table 1). While we may expect that
birds breeding in urbanised habitats are continuously exposed to
humans, thus habituated to their often not-threatening activities,
no evidence in terms of life-history trait variations for such
specific stressor was reported in cities. Even though many
studies underlined how avian populations breeding in habitat
characterised by frequent human disturbance, might often reduce
their flee distance as a result of habituation (Metcalf et al.,
2000; Rodriguez-Prieto et al., 2009; Clucas and Marzluff, 2012),
it is also known that the presence of humans near the nest
might ordinarily trigger strong behavioural responses in parental
behaviour while feeding their young—for example, by alarm
calling and avoiding entering nests for a certain time (Müller
et al., 2006).

Human presence at the site and at the nest level is not often
easy to monitor due to its inherent property of being variable in
space and time. It can depend on season and weather conditions
(sunny vs. rainy days; Gla̧dalski et al., 2016), days of the week
(weekends vs. working days; Remacha et al., 2016) or hours of the
day (morning peak hour vs. afternoon). It is thus important that
such variability is taken into account when quantifying human
presence and its possible disturbance to wildlife. Moreover,
and in order to detect the potential biological effect of human
presence on avian reproduction, protocols for capturing human
disturbance need to be repeatable—an information that is only
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rarely reported in studies of human disturbance on wildlife
(Table 1).

This study quantifies the biological effect of humans on great
tit (Parus major) and blue tit (Cyanistes caeruleus) life-history
traits and reproductive success, characterised at the nestbox level
and estimated in two contrasted yet centrally located urban study
sites. Great tits and blue tits are two well-studied songbird species
that breed in nestboxes in a large range of environments, from
undisturbed rural areas to the chaos of urban settlements. The
two study sites presented in this study—an urban park and a
cemetery—offer the opportunity to compare two different urban
habitat structures whose distributions of visitors vary gradually
from a regularly visited site during specific opening hours
(cemetery) to frequently visited without specific rules (urban
park). Here, the effects of human presence—quantified with an
easily implemented and repeatable protocol capturing human
presence on the ground and at the nestbox level—is inferred
and contrasted with the effects of nestbox distance to the nearest
path and road, which are infrastructural networks acting as key
sources of human presence in urban areas.

METHODS

Study Sites
This study was conducted in 2016 as part of a new long-term
research project whose main aim is to study the effect of cities on
the genotype and phenotype of two wild passerine species—great
tits P. major and blue tits C. caeruleus. 196 Schwegler woodcrete
nestboxes (type 1b with an entrance hole of 32 mm and suitable
for both great tits and blue tits) were erected in two study sites—
91 in a cemetery and 105 in an urban park (Pole Mokotowskie),
located in the city centre of Warsaw, Poland. Warsaw (52◦14′N,
21◦1′E) is the largest city of Poland, and ranks as the 9th most
populous capital city in the European Union with a population
of over 1.7 million people (Eurostat, 2017).While both study sites
are centrally located, the two areas are defined by different habitat
structures, whose spatial location and actual surface use leads
wildlife to face contrasted environmental pressures, especially
in terms of human presence. Nestboxes were laid out in a grid,
with an inter-nestbox distance of c. 50 m, an average south-east
orientation (N = 196, mean= 106.7 degrees, SE= 5.6), and fixed
at a height ranging from 2.5 to 3.0 m above ground level.

The urban park Pole Mokotowskie (52◦12′N, 20◦59′E) covers
c. 65 hectares. Despite its current design, the park lays on a
surface initially used as an airport until 1945. Pole Mokotowskie
is now a typical managed green space framed by four large roads,
where grass, flower beds and trees alternate to generate covered
and open areas. Due to both size and central location, this urban
public park plays an important role for city dwellers both as
recreational area and a bike-friendly commuting space.

The Jewish Cemetery (52◦14′N, 20◦58′E), with its area of
34 hectares, is one of the largest Jewish necropolis in the
world and still serves as burial place today. Established in 1806,
the cemetery was largely neglected and abandoned during the
German invasion. Due to a strongly reduced number of visitors
after the II World War, only a small portion of the site was
regularly visited, leading to a general overgrowth of trees and

shrubs in the rest of the area. Because of selective forces mainly
driven by important historical events, the Jewish cemetery is now
formed by a naturally regenerating habitat. It is distinguished
by a particular landscape of moss-covered tombstones in a large
wild urban forest mainly composed by a mixture of both native
and exotic tree species; oaks (Quercus spp.), silver birch (Betula
pendula), Norway maples (Acer platanoides), elms (Ulmus spp.)
and black locust (Robinia spp.) are the most common tree species
in the site.

Human abundance and space use is highly contrasted in the
two study sites: human presence in the cemetery is heterogeneous
(many areas have few or hardly no visitors), and it is limited
in terms of opening hours to daytime and outside of religious
holidays. Cemetery visitors often arrive in groups and remain on
marked paths. In contrast, the urban park is an open site where
one can roam freely, and is visited by numerous commuting
urban dwellers (pedestrians or cyclists) or those interested in
recreational activities.

Life-History Data
Starting from mid-March, each nestbox was visited at weekly
intervals to record the date of the first egg laid. The following
breeding variables were compiled: nest occupancy (a nestbox was
considered occupied if at least one egg was laid by a blue tit or
great tit; empty nestboxes and those occupied by other species
were considered as not occupied in our analyses), egg laying
date (lay date recorded as day 1 = 1st of April), standardised
lay date (standardised for each site and species), clutch size,
incubation duration (defined as the number of days between
the last egg laid to the first egg hatched), hatching success
(number of hatchlings/clutch size), fledging success (number of
fledglings/number of hatchlings) and chick mass 15 days after
hatching (hatching day = day 1). Birds were ringed at day 15
using standard-numbered metal rings supplied by the Polish
Bird Ringing Centre (Museum and Institute of Zoology, Polish
Academy of Sciences). Nestboxes were checked c. 25 days after
hatching to establish fledging success. Key summary statistics
of reproductive success for each study site are presented in
Supplementary Material Table 1.

Ethics Statement
Research was carried out under permit from the Regional
Directorate for Environmental Protection in Warsaw, Poland.

Quantifying Human Presence
The possible disturbance to great tit and blue tit reproductive
biology caused by human presence was quantified in both sites
and for each nestbox by measuring: (i) the number of humans
and dogs present around each nestbox in a 15 m radius, (ii)
nestbox distance from the nearest path and (iii) nestbox distance
from the nearest road.

Human Presence Protocol
The ground-based data collection for human presence was
performed from March until July 2016 on specific days
throughout the season and aimed to capture human and dog
presence at each nestbox. Each site was split in two paths
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grouping a similar number of nestboxes to minimize the time
between the start and the end of each count. During each trial,
two fieldworkers per site were counting for 30 s all humans
(i.e., bikers and pedestrians) and dogs within a 15 m radius of
each nestbox in the two study sites, following two assigned paths
(i.e., track 1 and track 2, see maps in Supplementary Material
Figure 1). In order to guarantee that all counts at each nestbox
were performed at similar timeframes during the respective
counts, the tracks’ directions followed by the two fieldworkers
during the human presence protocol were switched at each
trial. The time needed to perform counts of human presence
around each nestbox in the field did not vary significantly
between sites: fieldworkers spent on average 83.2 min in the
cemetery (SE = 1.75, N = 36) and 80.15 min in the urban
park (SE = 1.45, N = 96) on their assigned path. To capture
variation in human presence that can be influenced by human
activities, and which might depend on time of day and working
vs. weekend day, counts in the urban park were replicated
across 2 working days (Mondays and Fridays) and 2 days during
the weekend (Saturdays and Sundays). In each of these days,
counts of human presence for each nestbox were performed 4
times throughout the day (at 8:00 a.m., 12:00 p.m., 3:00 p.m.,
and 6:00 p.m. for the urban park). Due to restricted opening
hours, the cemetery counts were performed twice daily, and
were restricted toMondays, Fridays, and Sundays (Table 3). Dogs
represented only 6% of the total number of humans and dogs (N
= 7,586) recorded in a 15-m radius to each nestbox, we therefore
use for simplicity the term “human presence” to refer to any
human (pedestrian or biker) or dog presence around any given
nestbox.

Distances from Paths and Roads
We recorded the spatial location of nestboxes using a
GPS Garmin Map 64s and all the nestboxes coordinates
were downloaded using the open source Software DNRGPS
Minnesota. All nestbox distances to the closest path and road
were calculated using the free and Open Source Geographic
Information System Quantum GIS 2.8.2 “Wien,” (version
released on the 9th of May 2015), with a default projection
of WGS84-Geographic Coordinate System. Built on the Plugin
OpenLayers, the OpenStreetMap has been used as base map
to measure all distances with the Distance Matrix tool of the
software. Specifically, the distances were measured in meters
from the nestbox point to the middle of both the closest path
and road. Since the measurements recorded with the Distance
Matrix tool may change in precision due to the zoom function
manually selected by the observer at each record, the repeatability
of the process was tested comparing the measurements taken in
two different days by the same person (M.C.).

Statistical Analyses
Repeatability
The repeatability of human presence around each nestbox
measured on the ground as well as the repeatability of distance
measurement of every nestbox to the closest path and road
computed in qGIS was calculated using the “rptR-package”
in R following Stoffel et al. (2017). This package allowed

for repeatability estimation using a generalised linear model.
Specifically, the repeatability test to infer human presence
on the ground was performed for four different temporal
combinations (early vs. late in the day, between working days,
weekend vs. working days, early vs. late in the season) within
which the total number of visitors around each nestbox was
inferred and the nestbox ID was fitted as random effect in
the model. The same method was extended to verify the
reliability of the GIS-based approach, where the same observer
(M.C.) measured nestbox distances to roads and paths in
two separate days. Finally, correlation tests were performed to
quantify the strength of association between human presence and
distance from the closest path and from the closest road within
sites.

Statistical Analyses
Statistical analyses were implemented using the computing
environment R (version 3.3.1, released on the 21st of June
2016). To test the effects of human presence and the effects
of distance to paths and roads on blue tit and great tit life-
history traits and reproductive success, we used the glm function
of Generalised Linear Models (GLM) in R. All interactions
between human presence index, distance from paths and roads
and site were tested; however, these were found non-significant
and consequently removed from the final models. The following
traits were inferred, tested for blue tits and great tits in separate
analyses: egg laying date, clutch size and incubation time
were analysed with a general linear model with normal error
distribution. Occupancy rate, hatching success (i.e., the number
of hatchlings on clutch size) and fledging success (i.e., the number
of fledglings on the number of hatchlings in nests with at least one
hatched offspring) were tested with a quasi-binomial distribution
to control for over-dispersion. Human presence and nestbox
distance to paths and roads were fitted as a continuous variable in
all models while the site was fitted as a fixed effect with two levels
corresponding to the two study areas in blue tits: the cemetary
was excluded as predictor in great tits due to the low sample size
recorded in the site (N = 2). Egg laying date (standardised for
site and species) was fitted in all models with the exception of two
models where occupancy rate and lay date were fitted as response
variables. Finally, we used a linear mixed model (lme function in
R) to test the effects of human presence and the effects of nestbox
distance to paths and roads on individual nestling mass at day 15
(response variable), where nestbox ID was fitted as random effect
to control for non-independence of nestlings.

RESULTS

Repeatability of Human Presence on the
Ground and With a GIS-Based Approach
Human presence recorded in a 15 meters radius around each
nestbox during a 30 second long scan varied from 0 to 33
detected humans, and was on average 7.6 times higher in
the urban park than in the cemetery (Figures 1A,B, Table 2).
Interpolated maps illustrating average human presence for each
nestbox (Figure 1) show that the flux of people varied in terms
of intensity and scatter between and within sites: while people
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were heterogeneously distributed and most abundant in the
southern areas of the urban park (Figure 1C), visitors in the
cemetery were usually detected while walking on the main path
near the entrance gate (Figure 1D). Due to renovation works
in the cemetery, workers were systematically detected in the
North-Eastern part of the site during the trials.

The repeatability of human presence, measured on the ground
for each site separately, was high in the urban park, reaching
values between 0.808 and 0.840 and overlapping confidence
intervals across the four temporal combinations tested (Table 3).
The repeatability of human presence in the cemetery was lower,
with values ranging between 0.205 and 0.563, which is likely to
be the consequence of both reduced human presence and fewer
counts (Table 3).

Distances from paths and roads at each nestbox, estimated
using a computer-based GIS approach, showed near-perfect
measurement repeatability, which ranged between 0.991 and 1
(Table 3). Additional tests were carried out to determine the
strength and direction of any possible linear relationship between
human presence (human abundance detected at each nestbox)
and distances from paths and roads (obtained via GIS-based
approaches). Correlations were tested at a within site levels and
were all found non-significant but for the exception of the urban
park where there was a weak yet significant negative correlation
between the number of people around any given nestbox and its
distance to the nearest path (Table 4).

Effects of Human Presence, Distance to
Paths and Roads on Life-History Traits and
Reproductive Success
Human presence estimated in a 15 m radius around each nestbox
did not influence any of the investigated blue tit or great tit life-
history and reproductive traits (Table 5). In contrast, in blue tits
incubation duration was significantly longer closer to paths while
chick mass 15 days after hatching was significantly lower closer to
roads. In great tits, incubation duration was significantly shorter
closer to roads (Table 5). No effect of human presence, distance

TABLE 2 | Human presence in a 15 m radius from each nestbox in two urban

sites.

Site N nestboxes N counts Human presence at the

nestbox during a 30 s

scan

Urban Park 105 Working days: 24

Weekends: 24

Total: 48

Mean ± SD: 1.354 ± 1.08

Median: 1.02

Min: 0

Max: 32

Cemetery 91 Working days: 12

Weekends: 6

Total: 18

Mean ± SD: 0.178 ± 0.47

Median: 0

Min: 0

Max: 22

“N counts” refers to the number of times human presence was assessed around each
nestbox on any given site.

to paths and roads was detected on hatching and fledging success
(Supplementary Material Table 2).

DISCUSSION

This study is one of the very few testing the biological effect
of human presence on great tit and blue tit life-history and
reproductive success in an urban environment (see also Table 1).
To the extent of our knowledge, this is the first study that takes
into consideration both the intensity of human presence at the
nestbox level and its repeatability. The nestbox-based protocol
of human presence quantification, as well as the heterogeneous
human distribution in space reported in this study that occurred
both at a within-site and between-site levels (Figure 1), allows
for the testing of human disturbance at the finest biological
level—the breeding event itself.

Available reports testing the effects of human presence were
usually carried out in natural and semi-natural areas, and the
methods applied in quantifying such dynamics varied among
studies. Human presence was often induced experimentally
(Lord et al., 2001; Verhulst et al., 2001; Baines and Richardson,
2007), and the relationship to a natural distribution of these
variables is not always explicit. In addition, while most of the
previous studies were conducted in colonial waterbirds far from
an urban context (see review by Carney and Sydeman, 1999) only
a few studies testing the effect of human presence were carried
out in urban settings (Fernández-Juricic, 2000; Fernández-Juricic
and Tellería, 2000).

The protocol for capturing human presence on the ground
required considerable effort in terms of time and number
of observers relative to a computer-based GIS approach.
Repeatability tests were performed for several temporal
combinations that could detect whether human presence is
consistent (or not) between times of the day (mornings vs.
afternoons), between working days (Mondays vs. Fridays),
between working days and weekends, and finally testing whether
human presence is stable at the nestbox level throughout the
season. The 4 types of combinations tested generated highly
equivalent repeatabilities (0.81 < r < 0.84) with overlapping
confidence intervals, overall revealing that human presence
in the urban park is temporally stable. In the cemetery site
in contrast, we detected lower intra-day and intra-week
repeatabilities (Table 3), yet a satisfactory repeatability of r =

0.56 when human presence was compared early vs. late in the
breeding season. The lower repeatability of human presence
recorded in the cemetery is likely to be the result of fewer counts
combined with a low and irregular distribution of humans
within the study site (Figure 1). Thus, our study reveals that
the repeatability of human presence was considerably larger in
the site with higher human presence (the urban park) and with
a greater heterogeneity in human presence between nestboxes.
In the urban park where human presence was high, the high
repeatability of ground-based counts (r > 0.8) confirmed the
reliability of our protocol to accurately capture human presence,
thereby revealing a stable yet heterogeneous human distribution
in both urban sites.
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FIGURE 1 | (A,B) Histograms of average human presence around each nestbox in the urban park (A) and in the cemetery (B). Average human presence was

calculated as the total number of humans and dogs in a 15 m radius to each nestbox standardised by the number of counts performed within each site (i.e., N = 48 in

A, N = 18 in B). (C,D) Interpolated maps of average human presence around each nestbox (black dots) are indicated for the urban park (C) and the cemetery (D),

respectively.

TABLE 3 | Repeatability of the human presence protocol and GIS-based approaches, with standard errors (SE) and 95% confidence intervals (CI) reported on their

original scale).

Urban park Cemetery

N R SE CI N R SE CI

GROUND-INFERRED HUMAN PRESENCE

Mornings vs. Afternoonsa 105 0.821 0.037 0.74–0.881 91 0.281 0.105 0.091–0.501

Seasonal variationb 105 0.812 0.035 0.75–0.875 91 0.563 0.062 0.426–0.655

Weekend vs. week daysc 105 0.840 0.033 0.771–0.894 91 0.438 0.091 0.232–0.588

Mondays vs. Fridaysd 105 0.808 0.044 0.725–0.898 91 0.205 0.098 0.03–0.375

GIS-BASED INFERENCE

Pathse 105 0.999 0 0.999–0.999 91 0.999 0 0.998–0.999

Roadse 105 0.991 0.002 0.988–0.994 91 1 0 1–1

a Intra-day variation: all counts of human presence performed in the morning were tested against counts of human presence performed in the afternoon.
bSeasonal variation: the first half of the dataset was tested against the second half of the dataset.
cWeekday variation: counts of human presence made on Saturdays and Sundays were compared with counts performed on working days, e.g., Mondays or Fridays.
dWorking day variation: counts performed on Mondays were compared with counts performed on Fridays. For GIS-based repeatabilities.
eComputer-based distance measurements collected on the first day were tested against measurements collected on the second day.

Further work is required to test (i) the extent to which
human presence can be captured with high repeatability in a
gradient of urbanization with contrasted human presence at the
nestbox and site level (indeed, repeatability values for human

presence in the cemetery, characterised by considerably lower
human presence, were also lower) and (ii) to define a minimum
number of counts that would reduce ground effort while securing
satisfactory repeatability (r ≥ 0.6) of human presence at the level
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TABLE 4 | Pearson’s correlations and significance tests investigating collinearity

between human presence and distances to infrastructural facilities.

Site N r p-value Type of interaction

Urban Park 105 0.08 0.42 Human presence–roads

−0.29 0.002* Human presence–paths

−0.07 0.44 Roads–paths

Cemetery 91 −0.12 0.26 Human presence–roads

−0.16 0.13 Human presence–paths

−0.37 0.0002*** Roads–paths

Significance levels: *p < 0.05, ***p < 0.001.

of individual breeding events (Corsini et al., in preparation).
Human preferences in terms of space use were particularly
marked in the urban park, which was also the site with the
highest number of visitors (Figures 1A,C). Indeed, the pattern
of space use within this area was associated with the presence
of recreational facilities, mostly located in the southern part
of the study site. The GIS-based approach, in contrast, was
a considerably less-time consuming method compared to the
protocol for detecting human presence on the ground (involving
only one observer and 2 days of measurements), and proved to be
highly repeatable (r ≥ 0.991). Importantly, the easily-computed
GIS-based approach for measuring nestbox-level distances to
paths and roads provided an alternative approach to capture
human presence on the ground, and was found to have a much
greater influence on tit life-history trait variation than human
presence per se: while no direct effect of human presence was
detected in great and blue tit life-history, incubation time in blue
tits and great tits, as well as blue tit offspring mass 2 weeks after
hatching were associated with distance to infrastructural facilities
such as paths and roads.

Policy regulations of a given area are likely to play an
important role in shaping the dynamics of people flow within
sites. While in both sites visitors can roam freely, paths remain
the major communication channels throughout both study sites.
However, human presence correlated with distance to paths only
in the urban park, which may be caused by a larger detection
power of such associations due to a larger number of visitors
overall. Our results are thus in line with the findings of Remacha
et al. (2016), who reported that distance to paths is a reliable
index of human disturbance. In the case of roads, there is no
evidence that this infrastructure is correlated with distribution of
human presence detected on the ground, thereby suggesting that
the presence of such infrastructural facilities at the site level is not
always an important source of human presence, although it can
impact reproduction through independent means, as explained
below.

In this study, variation in blue tit or great tit life-history
traits and reproductive success was not explained by human
presence estimated using the ground-based protocol, suggesting
that human presence does not affect birds’ survival or life-
history traits in the long-term. In contrast with our findings,
Remacha et al. (2016) showed that blue tit nestlings from
forested areas used as a recreational site that hatched on days

with increased activity of visitors (weekends and other non-
working days) were found to grow slower and fledge with
lower body mass; this difference may be due to differences
in birds’ environmental backgrounds: in a more semi-natural
context, where human presence is higher during the breeding
season, it is possible that birds are more sensitive to human
disturbance. Birds inhabiting rural realities already showed a
higher physiological and behavioural stress response than their
urban counterparts, often revealed through a higher flight-
initiation distance (McGiffin et al., 2013; Abolins-Abols et al.,
2016). On the other hand, birds inhabiting urban parks are
almost continuously exposed to humans—so despite the fact
that each nestbox can be consistently exposed to high or low
human presence, birds may become habituated through their
daily experience of humans while foraging. Studies of the effect
of human presence in other bird species reveal mixed results.
Similarly to our findings, in a wild population of black grouse
located in a recreational area, the presence of visitors did not
affect productivity in terms of clutch size, hatching success and
breeding success (Baines and Richardson, 2007). In the woodlark,
on the other hand, productivity was related to the level of
human disturbance, although in the opposite direction than
expected, with birds breeding in more disturbed areas raising
more fledglings (Mallord et al., 2007). Human presence was also
found to extend the duration of incubation period in the dotterel
and the European oystercatcher (Lord et al., 2001; Verhulst et al.,
2001), while recreational activities had a negative-marginal effect
on incubation behaviour in American oystercatchers (McGowan
and Simons, 2006).

These results suggest that behavioural responses are usually
context-dependent and related to the trade-offs experienced
by individuals: indeed, it is easier to expect habituation in
birds that are used to human presence, which is a common
scenario in an urban park, while birds in rural environments
may react to human presence adversely (Remacha et al., 2016).
Furthermore, the impact of human disturbance is likely to
change among avian species or species with variable ecological
niches: ground and shrub nesting birds, for example, are likely
to be more sensitive to human disturbance. The same pattern
was reported for ground-foraging species (Rodgers and Smith,
1995; Gill, 2007). In addition, while there is an often-held
assumption that human presence triggers changes in behaviour
[like flush responses, reduction in incubation duration or changes
in foraging behaviour (Lord et al., 2001; Verhulst et al., 2001;
Thiel et al., 2007)], which in turn may be translated into
reduced fitness, those fitness consequences are in fact rarely
tested (Gill et al., 2001). Here, we did not find any evidence
that human presence affects the life-history or reproductive
success of birds in an urban context, and suggest that structural
properties of the environment, such as paths and roads,
overrides the weak or non-existent effect of human presence in
cities.

In contrast to a lack of effect caused by human presence,
nestbox distance to paths and roads influenced incubation
duration and chick mass on day 15 after hatching. A larger
dataset (in terms of study sites and years of study) is likely to
be required to detect finer scale effects of the effect of human
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TABLE 5 | Effects of human presence, paths and roads on blue tit and great tit reproductive traits.

Blue tits Great tits

Occupancy Estimate SE Z-value p Estimate SE Z-value p

Intercept −2.859 0.735 −3.89 <0.001 −1.111 0.673 −1.644 0.103

Human presence 0.084 0.189 0.443 0.658 −0.199 0.290 −0.687 0.494

Distance from path 0.003 0.011 0.244 0.807 −0.008 0.016 −0.490 0.625

Distance from road 0.002 0.002 0.810 0.418 −0.002 0.004 −0.563 0.575

Site 1.913 0.617 3.101 0.002** – – – –

n = 196 n = 105

Egg laying date Estimate SE t-value p Estimate SE t-value p

Intercept 14.778 2.432 6.077 <0.001 15.466 5.405 2.861 0.0187

Human presence −0.295 0.657 −0.449 0.656 3.064 2.324 1.318 0.220

Distance from path −0.012 0.034 −0.351 0.727 0.224 0.150 1.493 0.170

Distance from road 0.011 0.007 1.607 0.116 −0.041 0.027 −1.540 0.158

Site −0.457 2.207 −0.207 0.837 – – – –

n = 44 n = 13

Clutch size Estimate SE t-value p Estimate SE t-value p

Intercept 10.145 0.991 10.237 <0.001 9.514 2.465 3.862 <0.001

Egg laying date 0.094 0.259 0.361 0.720 0.086 0.869 0.099 0.923

Human presence 0.023 0.265 0.088 0.931 −1.010 1.137 −0.887 0.401

Distance from path 0.009 0.014 0.672 0.505 −0.093 0.075 −1.239 0.250

Distance from road −0.001 0.003 −0.223 0.825 0.005 0.014 0.361 0.728

Site −0.726 0.898 −0.809 0.424 – – – –

n = 44 n = 13

Incubation duration Estimate SE t-value p Estimate SE t-value p

Intercept 17.180 1.339 12.834 <0.001 16.905 1.591 10.623 <0.001

Egg laying date −1.796 0.365 −4.913 <0.001*** −0.062 0.550 −0.113 0.913

Human presence −0.190 0.411 −0.463 0.646 −1.596 0.729 −2.191 0.065

Distance from path −0.048 0.018 −2.615 0.013* −0.061 0.049 −1.234 0.257

Distance from road 0.002 0.004 0.462 0.647 0.031 0.009 3.519 0.010**

Site 1.580 1.235 1.279 0.209 – – – –

n = 42 n = 12

Chick mass Day 15 Estimate SE F-value p Estimate SE F-value p

Intercept 7.363 0.878 1, 356.932 <0.001 6.503 4.361 158.664 <0.001

Egg laying date −0.066 0.266 0.062 0.806 −1.602 2.043 0.615 0.490

Human presence 0.250 0.325 0.771 0.388 2.365 1.693 0.879 0.418

Distance from path −0.001 0.012 0.006 0.940 0.029 0.108 0.023 0.890

Distance from road 0.006 0.003 5.406 0.029* 0.035 0.026 1.342 0.331

Site 0.398 0.815 0.062 0.806 – – – –

n = 171 (31 groups) n = 39 (8 groups)

Nest occupancy was fitted as a quasi-binomial response variable, while egg laying date, clutch size and incubation duration were modelled with a Gaussian error distribution. Chick
mass was modelled with a linear mixed model and nest ID as random effect. In blue tits, the cemetery was used as reference level to test differences between sites. Significance levels:
*p < 0.05, **p < 0.01, ***p < 0.001.

presence or distance to paths and roads on tit reproductive
trait variation. Roads have already been shown to have a
strong impact on fitness in birds (e.g., Halfwerk et al., 2011;
Dietz et al., 2013; but see review by Kociolek et al., 2011).

Their negative effect may arise through noise pollution leading
to disruption in communication, for example in the context
of mate attraction, predator avoidance or parent-offspring
communication (Slabbekoorn and Ripmeester, 2008; Francis,
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2015). Thus, communication breakdown caused by noise may
at least partly be responsible for lower body mass in nestlings
located closer to roads. A more direct mechanism associating
proximity to roads with lower offspring body mass is the fact that
a greater proportion of impervious surface close to the nestbox
automatically results in lower levels of biomass and resulting
food availability for our focal species (but see the opposite
effect in Florida scrub jays Morgan et al., 2010). Moreover,
roads are associated with many biotic and abiotic changes, for
example: increased mortality in birds due to direct collisions with
vehicles, but also the general alteration of physical and chemical
properties in these novel environments (Reijnen et al., 1995;
Erritzoe et al., 2003; but see review by Trombulak and Frissell,
2000).

The fact that blue tits significantly increased their incubation
time closer to paths (while great tits show an equivalent yet
non-significant trend in the same direction) independently of
human presence is surprising and suggests that paths act as
a disruptor to incubation that may be independent of human
presence. Indeed, the correlation between human presence and
distance from paths was significant but weak (r = −0.29, p
= 0.002, Table 4), suggesting that due to the frequency of
off-trail events, the presence of visitors in the urban park is
not strictly connected with infrastructural networks. However,
previous studies reported that habituation to walkers is common
in several species, especially when people remain on marked
paths: however, this level of habituation may change during the
breeding season, whenever off-trail events occur (Nisbet, 2000).
In addition, it is possible that the mere presence of humans in
proximity of a nest can induce increased alertness in both adults
affecting parental care (while feeding the nestlings or, as in this
case, during incubation). In contrast, incubation duration was
significantly shorter in great tits breeding in proximity to paved
roads, which also coincides with c. 0.5◦C increase every 100 m
closer to the largest road neighbouring the urban park (daily
averages over 4 months starting on the 25th of March; Corsini,
unpublished data).

In conclusion, we confirm that the protocol for quantifying
human presence developed in this study proved to be highly
repeatable in a site with high intra-site variance of human
presence, thereby confirming its usefulness to other studies

testing the effects of human presence around fixed point

locations in avian and non-avian species alike. At the same
time, our results suggest that urban great tits and blue tits
are habituated to human presence, a keystone species in the
urban environment, and generally perceive humans as harmless
stimuli (Lowry et al., 2013). While the process of habituation
is known to reduce stress responses in avian species (Walker
et al., 2006), fitness consequences due to a long-term exposure
to human generated stressors may be complex, especially in an
urban context where several environmental variables other than
human presence interact. Finally, in the context of urban study
sites, it is mostly infrastructural networks rather than human
presence per se that played a greater role in tit reproductive trait
variation.
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