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Buildings promote higher incubation temperatures
and reduce nest attentiveness in a Neotropical thrush
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Incubation is an energetically costly parental task of breeding birds. Incubating parents
respond to environmental variation and nest-site features to adjust the balance between
the time spent incubating (i.e. nest attentiveness) and foraging to supply their own
needs. Non-natural nesting substrates such as human buildings impose new environmen-
tal contexts that may affect time allocation of incubating birds but this topic remains lit-
tle studied. Here, we tested whether nesting substrate type (buildings vs. trees) affects
the temperature inside the incubation chamber (hereafter ‘nest temperature’) in the
Pale-breasted Thrush Turdus leucomelas, either during ‘day’ (with incubation recesses) or
‘night’ periods (representing uninterrupted female presence at the nest). We also tested
whether nesting substrate type affects the incubation time budget using air temperature
and the day of the incubation cycle as covariates. Nest temperature, when controlled for
microhabitat temperature, was higher at night and in nests in buildings but did not differ
between daytime and night for nests in buildings, indicating that buildings partially com-
pensate for incubation recesses by females with regard to nest temperature stability.
Females from nests placed in buildings exhibited lower nest attentiveness (the overall
percentage of time spent incubating) and had longer bouts off the nest. Higher air tem-
peratures were significantly correlated with shorter bouts on the nest and longer bouts
off the nest, but without affecting nest attentiveness. We suggest that the longer bouts
off the nest taken by females of nests in buildings is a consequence of higher nest tem-
peratures promoted by man-made structures around these nests. Use of buildings as nest-
ing substrate may therefore increase parental fitness due to a relaxed incubation budget,
and potentially drive the evolution of incubation behaviour in certain urban bird popula-
tions.

Keywords: anthropogenic nesting sites, behavioural plasticity, nest microclimate, parental
behaviour, urban birds.

Parental care in birds embraces a suite of energeti-
cally costly tasks, including nest construction, incu-
bation, nestling provisioning and nest defence.
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Although these activities may enhance offspring
survival (Schmidt & Whelan 2005, Evans &
Stutchbury 2012), there may be trade-offs of
reduced body condition and life expectancy for
parents (Fast et al. 2007, Santos & Nakagawa
2012). The evolution of parental care strategies
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seeks to maximize the net fitness benefit (Ghalam-
bor & Martin 2001). The optimal equilibrium
point of this trade-off is influenced by variation in
environmental contexts such as food availability
and habitat structure, and can be actively altered
by behavioural decisions of breeding birds, such as
nest placement (Burhans & Thompson 2001,
Eggers et al. 2008, Fan et al. 2017). Nest attentive-
ness (i.e. the percentage of time birds spend incu-
bating) represents an important trade-off for
passerine species with uniparental incubation, in
which the incubating bird (usually the female)
must balance nest attendance and self-maintenance
activities. The presence of an incubating bird at the
nest has multiple functions, such as warming the
brood and defending the nest against opportunistic
predators (Halupka & Greeney 2009). Thus, fea-
tures of the nest-site that reduce brood exposure to
predators and adverse weather conditions are
expected to have a direct effect on incubation
behaviour (Weidinger 2002, Hu et al. 2017).

Nest-site selection is a complex decision that
involves inherited, cognitive and personality
aspects (Chen et al. 2011, Breen et al. 2016) and
has a direct influence on the parental care-survival
trade-off by changing predation risk for breeding
adults and their brood (Miller et al. 2007). Birds
usually show intraspecific plasticity in nest-site
preferences in response to nest predators and
their local abundance (Forstmeier & Weiss 2004,
Yeh et al. 2007). Nest-site features such as nest
concealment are taken into account by birds in
the selection of nest-sites as a proxy to minimize
reproductive costs related to predation risk, nest
attentiveness and the parental investment in nestling
provisioning (Robertson 2009, Wegrzyn &
Leniowski 2011, Latif et al. 2012). Nest conceal-
ment also has important effects on nest microclimate
and therefore consequences for thermoregulatory
costs to parents and offspring (Amat & Masero
2004, Robertson 2009).

The successful development of bird embryos
requires eggs to be kept within a narrow, species-
specific thermal range (Ricklefs & Brawn 2013,
Robinson et al. 2014). Even small variations in
mean incubation temperature influence the length
of the incubation period, and the physiology and
survival prospects of nestlings (Berntsen & Bech
2016, Griebel et al. 2018, Vedder er al. 2018).
Parent birds are expected to cope with natural
oscillations in environmental temperature mainly
through the selection of a nesting site that
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minimizes incubation costs (Robertson 20009,
Bueno-Enciso et al. 2016, but see Lloyd & Martin
2004). Further, incubating birds modulate their
incubation behaviour in response to air tempera-
ture. This topic has been extensively studied (re-
viewed by Conway & Martin 2000) and most
studies report that higher air temperatures are
related to shorter incubation sessions (hereafter
‘on-bouts’) and longer incubation recesses (‘off-
bouts’). The effect of nest-site microclimate on
incubation behaviour, however, has seldom been
studied (e.g. Bryan & Bryant 1999, Ardia et al.
2009, Alvarez & Barba 2014, Bueno-Enciso et al.
2016, Mueller et al. 2019), especially among open-
cup-nesting birds (Lloyd & Martin 2004, Londono
et al. 2008, Robertson 2009).

The colonization of novel habitats, such as
urban areas, imposes new challenges in the adjust-
ment of the trade-offs faced by breeding birds.
Urban birds experience changes in the nest preda-
tor community (Rodewald & Kearns 2011) and
opportunities to eXplore new resources, such as
alternative foods and artificial nesting sites (Meoller
et al. 2015, Wang et al. 2015). The exploitation of
those new resources shapes an urban behavioural
profile, which include high levels of problem-solv-
ing skills, boldness and higher tolerance to human
proximity in wurban than in rural conspecifics
(Evans & Stutchbury 2012, Audet et al. 2015,
Meoller et al. 2015). The use of anthropogenic nest-
ing sites enhances occupation of urban areas where
natural nesting substrates are limited or absent
(Mgller 2010, Tella et al. 2014, Reynolds et al.
2019).

Some studies have reported the costs and bene-
fits of bird nesting in anthropogenic structures (re-
viewed by Mainwaring 2015, Reynolds et al.
2019) but the effect of buildings used as nesting
substrate on nest temperature has not been stud-
ied. McCafferty et al. (2001) showed that the tem-
perature in a building used as a roost site by Barn
Owls Tyto alba was 1.4 °C higher than the exter-
nal environment due to protection from rain and
wind. Higher nest temperatures, in turn, are asso-
ciated with reduced nest attentiveness during incu-
bation in passerines with open-cup nests such as
Northern =~ Mockingbirds ~ Mimus  polyglottos
(Londono et al. 2008) and Dark-eyed Juncos Junco
hyemalis (Robertson 2009). However, the effect of
buildings on the thermal balance of bird nests and
the likely behavioural adjustments of individuals
using those nesting sites has not yet been studied.



Here we tested whether occupation of anthro-
pogenic nesting structures affects the incubation
behaviour of females of an open-cup-nesting
Neotropical passerine, the Pale-breasted Thrush
Turdus leucomelas. We tested whether (1) the
temperature inside the incubation chamber (here-
after ‘nest temperature’) is affected by nesting sub-
strate type (buildings vs. trees) and the presence
of incubating females at the nest (‘daytime’, with
possible incubation recesses, and ‘night’, when the
female is uninterruptedly at the nest), and (2) the
incubation budget (nest attentiveness, on- and off-
bout durations) is affected by nesting substrate
type, using as covariates air temperature and the
day of the incubation cycle. We predicted that the
use of buildings as nesting substrates permits the
maintenance of higher nest temperatures, which
may facilitate females to take longer off-bouts
without harming embryonic development. We
therefore predicted that female attentiveness
should be lower for nests placed in buildings
because of the thermal benefits provided by man-
made structures. We also predicted that air tem-
perature should be inversely associated with on-
bout duration and positively associated with off-
bout duration because of the narrow range of incu-
bation temperature required for adequate embryo
development, which imposes differences in ther-
moregulatory costs for incubating females.

METHODS

Study area

The study was conducted in two peri-urban areas
in Siao Paulo State, southeastern Brazil: the cam-
pus of the Universidade Estadual Paulista Julio de
Mesquita Filho (UNESP) in Rio Claro municipality
(22°23°43"S, 47°32'46"W, 628 m asl), and the
campus of the Universidade Federal de Sao Carlos
(UFSCar) in Siao Carlos municipality (21°59'02"S,
47°52’58"W, 848 m asl). The study sites are
60 km distant from each other and are subject to
similar climatic conditions. The regional climate is
subtropical with dry winters and hot summers
(Alvares et al. 2013). Mean annual rainfall is about
1344 mm in Rio Claro and 1435 mm in Sio Car-
los, with rains concentrated between October and
March in both sites. Monthly mean temperatures
are 20.2 °C in Rio Claro (range: 16.5-23 °C) and
19.9 °C in Sao Carlos (range: 16.2-22.4 °C). The
two sites held both urban greenspace and patches
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of native vegetation (Brazilian savanna and riparian
forests) (Potascheff et al. 2010, Lessi et al. 2016).

Temperature survey

During the 2012 breeding season (between August
and December), Pale-breasted Thrush nests were
found at UNESP by carefully inspecting buildings
and trees, and by following adults carrying nesting
material. Once located, we installed a pair of data
loggers (iButtons/Maxim®) programmed to take
temperature measurements every 2 min. Before
installation, all data loggers were waterproofed by
wrapping them in latex and camouflaged with
mud to resemble nesting material. In each nest,
we positioned one iButton in the bottom of the
incubation chamber to register the temperature
inside the nest (hereafter ‘nest temperature’), and
another outside the nest (~30 cm) to capture
variations in microhabitat temperature. We used a
nylon wire to attach the internal iButton to the
nest structure and to the nest substrate to prevent
females removing it. We installed loggers in nine
active nests (four in trees and five in buildings).
iButton installation took 5-10 min and no nest
abandonment occurred after this procedure. We
discarded temperature data before midnight fol-
lowing iButton installation to allow for female
habituation after the intervention. Nest status was
checked daily and we also discarded all tempera-
ture records after midnight on the day of hatching
day or the day when the nest was depredated to
ensure that data were only collected during incu-
bation.

Incubation behaviour

From August to December 2017 and 2018, we
searched for nests in UFSCar every other day in
the same way as described above. Once located,
nests were checked every 1-3 days using a pole
with a mirror until the chicks hatched or the nest
was depredated. Daily nest checking near the
expected hatching date allowed us to infer the day
of the incubation cycle in each of our behavioural
observations during incubation (see below). We
performed sessions of direct observation (1 h dura-
tion) of incubation behaviour following the focal
animal method (Altmann 1974). Each nest was
observed six times (twice each day, once between
07:00 and 09:00 h and once between 12:00 and
14:00 h, for 3 days), during the morning and
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afternoon to record female behaviour under a wide
range of air temperatures. To sample possible vari-
ation in female behaviour across the incubation
cycle, each day of observation in the same nest
was spaced 2-3 days from the next. All observa-
tions were carried out on days without rain, from
places which had routine human pedestrian flow
within 10 m of the nest. This was done to increase
the probability that female thrushes were habitu-
ated to human activity near the nest so that the
presence of a human observer would not affect
their behaviour. Nevertheless, we waited for
5 min before starting data collection in each obser-
vation session to minimize any possible observer
effect. Some nests were depredated early in the
incubation phase or could not be repeatedly
observed due to poor weather, leading to missing
data. We included in the analysis only data from
nests observed in at least four of the expected six
observation sessions (n = 15 nests placed on trees
and 21 nests placed on buildings).

During each observation session, we recorded
the time when a female left the nest or resumed
incubation. We estimated nest attentiveness as the
percentage of time that females were incubating
during each 1-h observation session. We assumed
the first incubation day to be the day when the
second egg was laid. For nests found after clutch
completion, we inferred the incubation day at a
given observation session by back-dating from the
hatching day, considering that the incubation per-
iod of the Pale-breasted Thrush in the region lasts
14 days (A. F. Batisteli unpubl. data). Air temper-
atures were retrieved from the automatic meteoro-
logical station located at UFSCar to a resolution of
0.1 °C. Nesting substrate type was classified as
‘buildings’ (any man-made structure belonging to
buildings, such as walls, concrete columns, win-
dows and air conditioners) or ‘trees’.

Statistical analyses

To assess the association between microhabitat
temperature and nest temperature, we used a lin-
ear mixed-effects model with nest temperature as
a continuous dependent variable. We defined ‘day-
time’ as the period between 06:00 and 18:00 h
and ‘night’ as the period between 19:00 and
05:00 h. Explanatory variables were nesting sub-
strate type (tree/building), period of the day (day-
time/night), microhabitat temperature (covariate)
and the nesting substrate type x period of the day
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interaction term. Nest identity was set as a cate-
gorical, random effect. We tested for temporal
autocorrelation in the data by adding an auto-re-
gressive correlation structure to the model, which
improved it significantly. Given the temporal auto-
correlation (Phi = 0.986), degrees of freedom of
the linear mixed-effects model were corrected
based on the effective sample size according to
Zuur et al. (2009). The residuals were graphically
checked and supported model validation. The
Tukey post-hoc test was used to address differences
indicated by the statistical significance of the inter-
action term.

We used a Wilcoxon test to detect any tempo-
ral bias in female behavioural observations across
the incubation phase, by comparing the day of
incubation cycle for observations of nests in trees
and in buildings.

Nest attentiveness and the duration of on- and
off-bouts did not achieve a normal distribution
even after statistical transformations. Accordingly,
we used generalized estimating equations (GEEs)
to assess whether the female attentiveness to the
nest (a continuous variable with Gamma distribu-
tion), on-bout and off-bout durations were associ-
ated with nesting substrate type, incubation day,
air temperature and all possible interactions
between these terms. The conceptual model pro-
posed by Conway and Martin (2000) suggests a
complex, non-linear variation of incubation beha-
viour over a wide range of daytime environmental
temperatures (from -8 to 45 °C). However, we
tested a linear relationship between incubation
behaviour and air temperature due to the absence
of such extreme daytime temperatures in our
study site (air temperature = 22.9 + 4.5 °C,
mean + sd, range 14.1-34.0 °C). Only complete
on- and off-bouts were included in the analysis;
events intercepted by the start or end of observa-
tion sessions were discarded. In all GEEs, nest
identity was again set as a categorical, random
effect. The best model was selected from a full
factorial model employing a backward stepwise
selection until all non-significant interactions or
single terms had been removed (Zuur et al. 2009).

To assess whether any differences in incubation
budget between nests in trees and in buildings
were associated with egg survival, we used a gen-
eralized linear model (GLM) with binomial distri-
bution to compare hatching success (number of
hatchlings as the response variable; clutch size as
the binomial denominator) between the two



nesting substrate types (Zuur et al. 2009). All anal-
yses were conducted in the software R (R Devel-
opment Core Team 2019) using the packages
‘nlme’ (linear mixed-effects model, Pinheiro et al.
2011) and ‘geepack’ (GEE, Hojsgaard et al. 2014).

RESULTS

We obtained 43 915 nest temperature measure-
ments over 63  nestdays (6.77 + 4.17
(mean + sd) survey days for each nest). Nest tem-
perature averaged 28.2 + 4.3 °C (range: 15.1-
37.5 °C) and was positively influenced by micro-
habitat temperature and period of the day
(Table 1), being higher at night, when female
presence on the nest is uninterrupted. Nest tem-
perature was higher in buildings than in trees
(buildings: 31.3 £3.7°C, n=17 071, trees:
255 + 2.6 °C, n =19 644; Table 1). Nest tem-
perature in buildings was in general 6.0 °C higher
than microhabitat temperature, whereas this dif-
ference was near zero (0.03 °C) for nests in trees.
The interaction term (nesting substrate type x pe-
riod of the day) was significant (Table 1). The
Tukey post-hoc test revealed that the nest tempera-
ture at a given microhabitat temperature did not
differ between nests placed in trees at night (when
the female was continuously at the nest) and in
buildings during either daytime or night (Fig. 1).
We performed direct observation of female beha-
viour for 81 h in 15 nests placed in trees (5.40 +
0.82 h for each nest) and for 108 h in 21 nests in
buildings (5.14 4+ 0.85 h for each nest). The day of
incubation cycle did not differ between the two
samples of nest observations (Wilcoxon test,
W = 4326, P = 0.898). Nest attentiveness during
observation sessions averaged 76.5 4+ 14.7%,
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Figure 1. Differential temperature (the difference between the
temperature inside the nest incubation chamber and microhab-
itat temperature) in relation to nesting substrate type and per-
iod of day in nests of Pale-breasted Thrush Turdus
leucomelas. The dashed line represents equal nest and micro-
habitat temperature, boxplots show interquartile ranges, whis-
kers denote standard errors, diamonds represent means of
differential temperatures, and lowercase letters indicate statisti-
cally significant differences after a Tukey post-hoc test.

ranging from 21.6% to 100%. Nest attentiveness
was affected by nesting substrate type (Table 2),
being lower for nests placed in buildings
(74.0 & 16.0%) than in trees (80.0 & 12.0 %)
(Fig. 2a). There was a slight but significant decrease
in nest attentiveness as incubation progressed but
air temperature did not affect nest attentiveness
(Table 2).

On-bouts lasted 1186 + 653 s, ranging from
67 to 3121 s (n= 135 on-bouts in 101 h). On-
bouts were shorter at higher air temperatures
(Table 2, Fig. 3a) but their duration was not
affected by nesting substrate type or incubation

Table 1. Results of the linear mixed-effects model on the temperature inside nests of the Pale-breasted Thrush Turdus leucomelas
in relation to nest substrate type (buildings/trees), period of the day (daytime/night), the interaction nest substrate type x period of

the day, and microhabitat temperature.

Estimate se df t P
Intercept 15.510 1.239 4008.457 12.523 <0.001*
Nest substrate 6.464 1.842 7 3.560 0.001*
Period of the day 0.901 0.120 4008.457 7.481 <0.001*
Nest substrate x Period of the day 0.835 0.179 4008.457 4.667 <0.001*
Microhabitat temperature 0.640 0.030 4008.457 135.301 <0.001*

Degrees of freedom were calculated based on the effective sample size due to temporal autocorrelation in temperature, resulting in
n = 4020.457 independent samples out of 36 715 temperature measurements (see details in Methods). *Statistical significance at

o = 0.05.
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Table 2. Results of generalized estimating equations assess-
ing the effect of nest substrate type (buildings/trees), air tem-
perature and day of the incubation cycle (‘incubation day’) on
nest attentiveness and the duration of on-bouts and off-bouts
in the Pale-breasted Thrush Turdus leucomelas.

Estimate se df Wald P

Nest attentiveness (%)

Intercept 1152 0.048 153 574.690 <0.001*
Nest substrate 0.109 0.050 33 4.680 0.031*
Air temperature 0.001  0.989

Incubation day 0.013 0.005 153 5.020 0.025*
On-bout duration

Intercept 1.341 0.700 100 3.670 0.055

Nest substrate 2390 0.122

Air temperature 0.079 0.035 100 5.100 0.024*

Incubation day 2150 0.142
Off-bout duration

Intercept 14464 1.623 212 79.390 <0.001*

Nest substrate —1.614  0.558 33 8.380  0.004*
Air temperature —0.267 0.070 212 14.260 <0.001*
Incubation day 1.330 0.248

Estimates, standard error and degrees of freedom (df) are not
shown for explanatory variables absent from final models.
*Statistical significance at o = 0.05.

day (Table 2). We obtained the duration of 268
off-bouts (108 for nests in trees and 160 for nests
in buildings), which averaged 268 + 270 s (range:
19-1927 s). Off-bout duration differed between
nesting substrate types (Table 2, Fig. 2b), being
greater for nests in buildings. Off-bout duration
was positively related to air temperature (Table 2,
Fig. 3b) but not to incubation day (Table 2).
Despite the differences in incubation budget,
hatching success did not differ between nests in
buildings and in trees (GLM, df = 34, z = 0.286,
P =0.775).

DISCUSSION

The use of buildings as a nesting substrate by the
Pale-breasted Thrush promoted greater nest tem-
peratures at a given microhabitat temperature and
allowed a reduction in female nest attentiveness
compared with nests in trees, thus corroborating
our hypothesis. During daytime, even with incuba-
tion recesses, buildings kept nest temperature simi-
lar to those of nests placed in both trees and
buildings with constant female presence (i.e. dur-
ing the night). Therefore, the lower nest attentive-
ness that we observed in buildings was likely to
have been enhanced by higher nest temperatures
provided by man-made structures around the nests
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Figure 2. Nest attentiveness by Pale-breasted Thrush Turdus
leucomelas females (a) and off-bout duration (b) in nests
placed on trees and buildings. Sample sizes shown refer to
hours of behavioral observation for 15 nests on trees and 21
nests on buildings. Boxplots show interquartile ranges, whis-
kers denote standard errors, diamonds represent means and
dots indicate outliers. *Statistical significance at o = 0.05.

which enabled longer off-bouts without affecting
hatching success.

The energetic-bottleneck hypothesis states that
the time that an incubating bird spends at the nest
is energetically limited by its own demand for self-
maintenance (Tov & Wright 1993). One predic-
tion that stems from this hypothesis is that females
in artificially heated nests should benefit from this
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Figure 3. Duration of on-bouts (a) and off-bouts (b) of Pale-
breasted Thrush Turdus leucomelas females incubating in
nests placed in trees (triangles) and buildings (circles) in rela-
tion to air temperature. (a) Dashed line represents a general
tendency of the linear relationship between the variables. (b)
Dashed and continuous lines indicate linear relationships
between the variables for nests in buildings and in trees,
respectively.

extra energy and increase their nest attentiveness,
as experimentally demonstrated for cavity nesters,
such as Great Tits Parus major and Tree Swallows
Tachycineta bicolor, and for the ground-nesting
Pectoral Sandpiper Calidris melanotos in the Arctic
(Bryan & Bryant 1999, Cresswell et al. 2004, Ardia
et al. 2009). However, our data did not support
such a prediction, as females took longer off-bouts
from warmer nests (i.e. in buildings). Similarly,
higher nest temperature is related to lower nest
attentiveness in both cavity- and open-cup nesters
(Londono et al. 2008, Robertson 2009, Alvarez &
Barba 2014, Amininasab et al. 2016, Bueno-Enciso
et al. 2016). These differences indicate that nest
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temperature may elicit adjustments in female incu-
bation behaviour in species-specific ways (Mueller
et al. 2019). Some species may direct any extra
energy (either food or heat) to increase the time
devoted to the current clutch (Ardia et al. 20009,
Vafidis et al. 2018), whereas others may invest
more in self-maintenance and consequently per-
haps in future breeding attempts. One probable
reason for these alternative strategies is related to
specific life-history traits. Tropical species such as
the Pale-breasted Thrush have lower adult mortal-
ity probability, and parents may prioritize future
breeding attempts over additional investment in
the current clutch (Ghalambor & Martin 2001,
Martin et al. 2015).

Off-bout duration was greater for nests in build-
ings regardless of air temperature, probably as an
effect of higher nest temperature in buildings. The
physical barriers around nests in buildings provide
better nest concealment and their lower exposure
to wind sustains greater differences between nest
and microhabitat temperatures (Hilton et al.
2004). It could be argued that buildings would be
suboptimal nesting microhabitats where energy
expenditure of incubating females is higher than in
trees, which would in turn require longer foraging
times to replace their energetic reserves, and result
in longer off-bouts. If true, we should have
observed shorter on-bouts for nests in buildings
than in trees due to a more rapid depletion of
female reserves (Yom-Tov & Wright 1993). How-
ever, on-bout duration did not differ between nest-
ing substrate types. Longer off-bouts are therefore
more likely to be a benefit than an obligation for
females that nest in buildings, enabling greater for-
aging time. Females that nest in buildings spent
7.5% less time incubating, which corresponds to
0.9-1.01 h/day considering the duration of the
photoperiod during the breeding season of the
Pale-breasted Thrush in the region (12-13.5 h).
The extra energetic resource acquired during this
time may improve parental fitness either in the
current or in future breeding attempts (Reid et al.
2000, Robertson 2009).

Lower nest attentiveness may be an ecological-
time response to lower nest predation risk (Fon-
taine & Martin 2006). All nests at which female
behaviour was studied were in the same area and
were therefore experiencing the same predator
community. So the specific features of each nest-
ing substrate type may be responsible for the varia-
tion in nest attentiveness as a response to
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perceived nest predation risk. Corvids are impor-
tant predators in both study areas but they usually
avoid buildings (Meller 2010). In our study popu-
lations, females frequently re-use successful nests
within and between breeding seasons, as reported
for the Common Blackbird Turdus merula
(Wysocki 2004). The re-use of successful nesting
sites may enable birds to accumulate experience of
nest-site security and adjust behaviour to optimize
the balance between self-maintenance and incuba-
tion. Thus, more than thermal benefits, thrush
females that nest in buildings may take advantage
of the visual protection of man-made structures
around the nest to leave the clutch unattended for
longer periods.

Air temperature affected both on-bout and off-
bout duration, corroborating our hypothesis. Pro-
longed on-bouts under lower air temperatures sug-
gest an effect of temperature on incubation
efficiency (Capp et al. 2018). Even when an open-
cup nesting bird is incubating, the external air is
continuously penetrating the nest cup through nest
walls in a convection flow (Deeming 2016). From
this point of view, the warmer the external air,
the higher the efficiency of the incubating female
in keeping eggs at optimal temperatures (except in
extremely hot environments, where air tempera-
ture exceeds that lethal for the embryos). Pro-
longed off-bouts under higher temperatures may
be expected because air temperature provides an
indirect assessment of egg cooling rates to incubat-
ing females, which respond by reducing their
latency to return to the nest (Reneerkens er al.
2011, Forrester & Londono 2016).

Incubation effort usually increases with incuba-
tion progress for tropical birds (Ruggera & Martin
2010, Martin et al. 2017), but our results showed
an opposite pattern. However, the relationship
between nest attentiveness and incubation progress
is variable among species, with studies reporting
increasing (Endo & Ueda 2016), decreasing
(Cooper & Voss 2013, Forrester & Londono 2016)
or constant nest attentiveness across the incubation
period (Biancucci & Martin 2008, Bueno-Enciso
et al. 2016). This unclear relationship may also be
affected by spatiotemporal fluctuations in food
availability and nest predation risk (Vafidis et al.
2018). Incubating passerines continuously lose
mass during the course of incubation (Suérez et al.
2005, Blem & Blem 2006, Redfern 2010). Thus,
the need to manage body condition to permit ade-
quate investment in nestling care after hatching
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may explain the decreasing nest attentiveness
across the course of incubation that we observed
in our study population.

Three explanations other than the insulation
and protection effects provided by man-made
structures might apply to the differences in female
behaviour between substrate types but are not
supported by our data. First, lower nest attentive-
ness in nests in buildings might be a consequence
of human proximity and frequent perturbation,
eliciting escape behaviour of incubating females. If
true, human movements should have induced
repeated trips from and to the nest, resulting in
shorter on-bout periods, because incubation would
be prematurely interrupted (McGowan & Simons
2006). However, on-bout duration did not differ
between nesting substrate types, thus refuting this
argument. Additionally, birds that breed in dis-
turbed sites such as our urban areas are usually
habituated to human disturbance (Baudains &
Lloyd 2007). Second, nests in buildings are gener-
ally surrounded by man-made structures, which
implies a poor view of the surroundings and per-
haps a higher predation risk to incubating females
(Burhans & Thompson 2001, Gdémez-Serrano &
Lépez-Lépez 2014). If so, the need to leave incu-
bation to monitor the nest vicinity for self-protec-
tion should have produced shorter on-bouts in
nests in buildings, as discussed above, which was
not the case. So, it is unlikely that poor view of
nest surroundings was responsible for lower nest
attentiveness of females nesting on buildings.
Lastly, longer off-bouts of females nesting in build-
ings might be related to lower food availability in
surrounding habitat, thus requiring longer foraging
times. Accordingly, several experimental studies
have reported that increased food availability
enabled passerine females to spend more time on
the nest (Londono et al. 2008, Lothery et al. 2014,
Vafidis et al. 2018), either prolonging on-bouts
(Pearse et al. 2004) or shortening off-bouts (Chal-
foun & Martin 2007, Amininasab et al. 2016). We
were not able to test this hypothesis, but nests in
both substrate types were uniformly distributed,
and close enough to each other that strong differ-
ences in patch quality related to nesting substrate
surroundings were unlikely.

We conclude that the use of buildings as nest-
ing substrates enables a reduction in the energetic
costs associated with nest attentiveness for incubat-
ing females of the Pale-breasted Thrush due to
longer off-bouts, which are possible due to the



insulation provided by the building itself.
Extended off-bouts allow greater foraging time for
females, which may result in a higher energy
intake. The use of anthropogenic nesting substrates
may ultimately promote the settlement of birds in
urbanized areas (Megller 2010, Reynolds et al.
2019). This advantage related to reduced breeding
costs may contribute to increase parental fitness of
the subset of individuals using human buildings as
nesting sites, and potentially drive the evolution
of the incubation behaviour in wurban bird
populations.
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