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Do extended incubation recesses carry fitness costs in
two cavity-nesting birds?
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ABSTRACT. Because extended incubation recesses, where incubating songbirds are away from nests for
periods much longer than usual, occur infrequently, they have been treated as outliers in most previous studies
and thus overlooked. However, egg temperatures can potentially fall below the physiological zero temperature
during extended recesses, potentially affecting developing embryos. As such, evaluating extended recesses in an
ecological context and identifying their possible fitness effects are important. With this aim, we used iButton
data loggers to monitor the incubation behavior of female Blue Tits (Cyanistes caeruleus) and Great Tits (Parus
major) during two breeding seasons in central Spain. We classified incubation recesses as extended if they were
more than four times the mean recess duration for each species. Extended incubation recesses occurred more
frequently in 2012 when females exhibited poorer body condition. Female Blue Tits had more extended
incubation recesses than female Great Tits and, for both species, more extended recesses occurred at the
beginning of the breeding season. Both nest attentiveness and average minimum nest temperature decreased
when at least one extended recess occurred. Incubation periods averaged 4 d longer for nests where females
had at least one extended recess, potentially increasing predation risk and resulting in lower-quality nestlings.
Overall, our results suggest that extended recesses may be more common among songbirds than previously
thought and that, due to their effects on egg temperatures and attentiveness, they could impose fitness costs.

RESUMEN. (Tienen los recesos prolongados en la incubacion costos en la aptitud en aves que
anidan en cavidades?

Debido a que los periodos extendidos o prolongados de receso durante los cuales el ave que incuba se
ausenta del nido por un periodo mds largo de lo usual son poco frecuentes, éstos han sido tratados como
atipicos o han sido ignorados. Sin embargo, la temperatura de los huevos puede disminuir muy por debajo de
la temperatura cero fisioldgica durante estos periodos prolongados de recesos, lo que potencialmente puede
afectar el desarrollo embrionario. Por tal motivo, es importante evaluar los periodos extensivos de receso en un
contexto ecoldgico e identificar su posible efecto en la aptitud. Con este objetivo, utilizamos data-loggers
iButton para monitorear la conducta de incubacién de hembras de Cyanistes caeruleus y Parus major durante
dos épocas reproductivas en Espana central. Clasificamos como recesos extendidos en la incubacion, si estos
eran cuatro veces mayores que el periodo promedio de recesos en cada especie. Los periodos extensivos de
receso ocurrieron con mayor frecuencia en el 2012, cuando las hembras mostraron una peor condicion
corporal. Las hembras de Cyanistes caeruleus tuvieron periodos de receso en la incubacién mds extendidos que
las hembras de Parus major y en ambas especies los periodos de receso extendido ocurrieron al principio de la
temporada de reproduccién. Tanto el periodo de atencién del nido como el promedio minimo de la
temperatura dentro del nido disminuyé cuando se presentd por lo menos un periodo extendido de receso. El
periodo de incubacion fue, en promedio, cuatro dias mas largo en nidos en los que las hembras tuvieron por
lo menos un receso extendido, incrementando potencialmente el riesgo de depredacion y resultando en una
calidad mds baja de los polluelos. En general, nuestros resultados sugieren que los periodos extendidos de
receso, pueden ser mds comunes en aves cantoras que lo que se pensaba con anterioridad, y que, dado su
efecto en la temperatura de los huevos y atencién del nido, pudiera acarrear costos asociados con la aptitud
reproductiva.
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the optimal developmental temperature
(White and Kinney 1974). However, during
incubation, single-sex, intermittent incubators
must leave nests regularly for feeding and
self-maintenance, although, in some species,
one member of a pair can feed the other
while incubating (Lack 1940). Most songbirds
exhibit this incubation strategy, where only
one parent (usually the female) incubates,
and, therefore, egg temperatures fluctuate as
females depart from and return to nests
(Deeming 2002). In most environments,
ambient temperatures during the breeding
season are outside the optimal range for
embryonic development (Camfield and Mar-
tin  2009) so incubating females should
attempt to maintain embryonic temperatures
within this range (Haftorn 1988). However,
on-bout duration may be constrained by the
energy budgets of females (Ardia et al. 2009).
Consequently, uniparental, intermittent incu-
bation patterns reflect a trade-off between
self-maintenance and the temperature require-
ments of embryos (Cooper and Voss 2013).

Extended incubation recesses appear to be
part of the normal incubation strategy of
some species of birds, e.g., seabirds and sev-
eral species of landbirds (Boersma and Wheel-
wright 1979, Wang and Beissinger 2009,
Blight et al. 2010, Jia et al. 2010). Among
passerines, this behavior appears related to
parental energy constraints, usually resulting
from prolonged periods of inclement weather
(Haftorn 1988, MacDonald et al. 2013).
During extended incubation recesses at tem-
perate climates, egg temperatures potentially
fall below the physiological zero temperature
(PZT), which is assumed to be 26°C (Lundy
1969, Nord and Williams 2015).

The potential fitness costs to developing
embryos of extended recesses and the result-
ing periods of hypothermia are poorly under-
stood (Nord and Williams 2015). The results
of some studies suggest that extended recesses
do not impair the hatchability of eggs (Mor-
ton and Pereyra 1985, Haftorn 1988, Wang
and Beissinger 2009), and that passerine
embryos are well-adapted to long periods of
cooling. However, MacDonald et al. (2013)
found that the hatchability of Horned Lark
(Eremophila alpestris) eggs in an alpine envi-
ronment was reduced by ~ 10% in clutches
that experienced at least one extended recess.
Other potential fitness consequences of egg
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neglect include an increase in the duration of
the incubation period, which could occur
because embryonic development slows under
conditions of hypothermia (Conway and
Martin  2000). Longer incubation periods
may increase predation risk (Martin 2002,
Martin et al. 2007), and also increase energy
expenditure by parents and embryos during
their development (Eiby and Booth 2009), so
that their phenotype can be negatively
affected in a number of ways, including loco-
motor performance, immune responses, and
body size (DuRant et al. 2013).

We monitored incubation behavior in sym-
patric populations of Blue Tits (Cyanistes
caerulens) and Great Tits (Parus major), two
species with female-only, intermittent incuba-
tion, in a Mediterranean area in central
Spain. Both species used nest boxes that cre-
ate a buffered thermal micro-environment for
incubation. Our objective was to determine
the prevalence of extended recesses and their
potential fitness consequences. We predicted
that extended recesses would be more preva-
lent in colder years because of the extra costs
that low temperatures impose on incubating
females (Haftorn and Reinertsen 1985, Nord
et al. 2010), and that those clutches where
females took extended recesses would experi-
ence reduced fitness in the form of longer
incubation periods and reduced hatching suc-
cess (Martin et al. 2007, MacDonald et al.
2013, Nord and Williams 2015).

METHODS

Our study was conducted in San Pablo de
los Montes (39°32/44"N, 4°19'41"W)),
located in a mountainous region in the south-
ern Toledo province (central Spain). Our
study area included 10 oak (Quercus pyre-
naica) forest patches with a mean altitude of
1400 m asl. The region has a continental
Mediterranean climate, characterized by pro-
nounced summer droughts, an average daily
thermal oscillation of 16°C, and mean annual
rainfall of 700-800 mm. In all forest patches,
we attached wooden nest boxes (V= 350) to
oak branches 2-3 m above the ground and
30 m apart. At 30-m intervals in three forest
patches, we also hung 20 woodcrete nest
boxes (/N = 60) next to the wooden nest
boxes at the same height and density. Data
on the material, shape, and size of these nest
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boxes can be found in Garcia-Navas et al.
(2008).

Data collection. During the 2012 and
2013 breeding seasons (day 1 = 1 April), we
inspected nest boxes every 2 d to obtain basic
reproductive parameters such as laying date,
clutch size, and hatching date. We defined
the incubation period as the number of days
between the laying of last egg and the first
sign of hatching (Martin et al. 2007). We
captured adult females with spring traps while
they fed their nestlings (8-9 d old). We
banded them, weighed them on a portable
balance (£ 0.01 g), and measured tarsus
length with an electronic caliper (£ 0.01
mm). We obtained ambient temperatures
from a meteorological station located in the
study area, and calculated the average daily
ambient temperature from sunrise until sunset
for days when incubation behavior was
monitored.

We measured incubation patterns using
temperature data loggers (DS1922L Ther-
mochron Data Logger iButtons, OnSolution,
Baulkham Hills, NSW, Australia) placed
among the eggs. We covered iButtons with
brown medical tape to reduce their conspicu-
ousness. IButtons were placed in nests
between days 6 and 11 of the incubation per-
iod, but 85% of our incubation data for Blue
Tits and 76% for Great Tits were from days
7, 8, and 9. IButtons were placed in nests the
day before temperature measurements were
made and removed the day after. IButtons
were programmed to start recording tempera-
ture at 00:01 and finish two hours after sun-
set on the same day, recording temperatures
every 11 sec for an average of 23 hrs in each
nest.

Once we retrieved iButtons, we down-
loaded the temperature recordings using the
Eclo Express-Thermo software 2007 (www.ec
lo.pt/expressthermo) and used the program
Rhythm 1.0 (Cooper and Mills 2005) to
select recesses from nest-temperature record-
ings. We adjusted Rhythm 1.0 to select a
recess when nest temperature dropped by at
least 2°C for at least 2 min. We then used
RavenPro 1.5 (Charif et al. 2010) to visually
recheck the output and confirm the recesses
automatically selected by Rhythm. This
allowed us to determine the frequency and
duration of each on-bout and recess. We then
searched these data for atypical extended
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recesses that could result in substantial egg
cooling and were therefore likely to be eco-
logically significant for embryos (MacDonald
et al. 2013). Extended recesses were defined
as those at least four times longer in duration
than the mean recess duration of each species
during our 2-year study. Therefore, we
defined extended recesses as > 40 min for
Blue Tits and > 55 min for Great Tits.
Because we only monitored incubation behav-
ior on 1 d of the entire incubation period,
our estimate of the prevalence of extended
recesses is conservative because females could
have taken extended recesses on days they
were not monitored. Nonetheless, we classi-
fied nests where eggs hatched (i.e., not
deserted or predated) as either having an
extended incubation recess or not, with the
understanding that this reflected only those
days that we monitored.

Statistical analyses. We compared the
average daily ambient temperatures between
years using a two-tailed paired Student’s
rtest. We then examined the prevalence of
extended incubation recesses between years
and species. This was done by creating a
Generalized Linear Mixed Model (GLMM)
fitted with a binomial distribution where the
response variable was the type of incubation
pattern (0 = no extended recesses, and
1 = extended recesses), the year, species, and
nest-box type were fixed factors, and the for-
est patch was included as a random term. We
included nest-box type as a fixed factor
(woodcrete vs. wooden) to correct for the
possible effects that the different thermal
properties of each type might have on female
incubation behavior (Bueno-Enciso et al.
2016). In this analysis, we also included the
measurement day (calendar date when incuba-
tion behavior was recorded), the average daily
ambient temperature, and clutch size as
covariates. Average daily ambient temperature
and clutch size were included because both
variables can influence the costs of incubation
(Haftorn and Reinertsen 1985, Nord et al.
2010).

To test whether the extended incubation
recesses affected either nest attentiveness or
average minimum nest temperatures, we cre-
ated two GLMMs. One was fitted with a
binomial distribution where the response vari-
able was a data frame containing two col-
umns: total time spent incubating eggs and
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total time spent off nests by females (nest
attentiveness). In the other GLMM, the
response variable was the average minimum
nest temperature during the day (Amininasab
et al. 2016). Estimating nest temperature
during incubation is important because only
if this temperature is significantly lower for
nests where females have extended incubation
recesses can there be fitness consequences
as a result of those extended recesses
(Nord and Williams 2015). Because bird
embryos are ectothermic (White and Kinney
1974), thermal conditions experienced during
development are highly correlated with the
temperature in their immediate environment
(Conway and Martin 2000). In both models,
the study year, species, nest-box type, and
incubation type (extended recesses or not)
were included as fixed factors, and the forest
patch as the random term. The measurement
day, average daily ambient temperature, and
clutch size were included as covariates. Due
to the bias that measuring incubation behav-
ior at different embryo ages can introduce in
the analyses (Cooper and Voss 2013), we also
included this variable in the analysis as a
covariate. Embryo age was calculated as the
number of days between the laying of the last
egg in a clutch and the measurement day.

To test whether extended incubation
recesses affected the duration of incubation
periods or hatching success, we created two
more GLMMs with the same fixed factors
and random term as the two previous models,
and including hatch day and clutch size as
covariates. In one model, the response vari-
able was the duration (in days) of the incuba-
ton period and, in the other model, the
response variable was a data frame containing
two columns: the number of eggs that
hatched and the number that did not hatch.
This last model was fitted with a binomial
distribution. Because species that exhibit sin-
gle-sex intermittent incubation appear to per-
form extended recesses due to energetic
constraints (Haftorn 1988, MacDonald et al.
2013), we performed another GLMM with
female body condition, estimated using the
scaled mass index (Peig and Green 2009), as
the response variable. In this model, we
included study year, nest-box type, and spe-
cies as fixed factors, the forest patch as the
random term, and hatch day and clutch size
as covariates.

J. Field Ornithol.

The incubation behavior of eight female
Blue Tits and six female Great Tits was mon-
itored during both years of our study. We
conducted our analyses both with and with-
out these duplicated females and the results
did not change. Therefore, we treated each
female as independent (MacDonald et al.
2013). All models are described in Supple-
mental Table S1 and were fitted with a Gaus-
sian distribution unless otherwise stated.
Graphs of residuals were used to visually
assess assumptions of parametric testing (Zuur
et al. 2009). The interaction between ‘species’
and ‘incubation type (extended recess or not)’
was initially included in all models and subse-
quently eliminated if it was not significant.
All analyses were performed in R (R Core
Team 2014) with the ‘lme4’ package (Bates
et al. 2015). For non-parametric distribu-
tions, the Wald chi-square statistic (%) from
the ‘car’ package (Fox and Weisberg 2011) is
provided.  Values are  provided as
means £ SE.

RESULTS

Average daily ambient temperature differed
between years (Students #test, r= 4.8,
P <0.001), with the mean temperature lower
in 2013 (165 + 0.4°C) than 2012
(19.8 £ 0.5°C). During our study, we
recorded the incubation activity of 157 female
Blue Tits and 117 female Great Tits, with
4078 and 2276 recesses by female Blue and
Great tits, respectively. In all cases, females
spent the prior night on nests incubating
eggs. Female Blue Tits (V= 21 nests) took
29 extended recesses (0.7% of all recesses),
and female Great Tits (/N = 8 nests) took
nine (0.4% of all recesses; Table 1). Most
females had just one extended recess
(Table 1).

Extended recesses were more frequent in
2012 (15.2 &£ 2.9% of nests) than in 2013
(4.9 &+ 2.0% of nests), and in Blue Tits
(13.4 &= 2.7% of nests) than Great Tits
(6.8 = 2.3% of nests, Table 2). Extended
recesses occurred more frequently at the
beginning of the breeding season. Neither
ambient temperature nor clutch size affected
the prevalence of extended incubation recesses
(Table 2).

Nest attentiveness was significantly lower in
2012 than in 2013 for both Great Tits (2012:
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Table 1. Number of incubation periods and recesses recorded for Blue Tits and Great Tits during the
2012 and 2013 breeding seasons in San Pablo de los Montes (Toledo, central Spain). ER = extended

recess.

Blue Tits

2012 2013
Number of incubation periods 78 79
Number of periods with ER 16 5
ER prevalence 22.9% 8.8%
Number of recesses 1992 2086
Number of ER 22 7
ER prevalence 1.05% 0.34%
Mean recess duration (min) + SE 9.1 + 0.1 8.5 £ 0.1
Mean ER duration (min) + SE 216.1 4+ 28.8 94.5 + 29.4

Great Tits

2012 2013
Number of incubation periods 73 44
Number of periods with ER 7 1
ER prevalence 8.1% 2.3%
Number of recesses 1276 1000
Number of ER 8 1
ER prevalence 0.55% 0.10%
Mean recess duration (min) & SE 13.7 £ 0.2 11.5 £ 0.2
Mean ER duration (min) £ SE 211.0 + 66.7 141.3

66.9 + 1.3%, 2013: 70.6 £+ 1.0%) and Blue
Tits (2012: 63.2 &+ 1.5%, 2013: 70.4 =+
0.8%), in woodcrete nest boxes than in
wooden nest boxes (Great Tits: woodcrete =
64.2 £ 2.1%, wooden = 70.2 + 0.7%; Blue
Tits: woodcrete = 63.8 & 2.2%, wooden =
67.6 £+ 1.0%), and in nests with extended
recesses (ER) than in nests with no extended
recesses (NER; Great Tits: ER = 47.1
+ 7.4%, NER = 69.8 £+ 0.5%; Blue Tits:
ER = 48.2 + 3.3%, NER = 69.7 =+ 0.6%;
Table 2). Nest attentiveness also differed
between species, with Great Tits (68.5 =+
0.9%) more attentive than Blue Tits (66.8
4+ 0.9%; Table 2). All covariates in this
model significantly and positively affected nest
attentiveness of both species, i.c., nest atten-
tiveness increased as the breeding season pro-
gressed and with increasing age of embryos,
higher average daily ambient temperatures,
and larger clutch sizes (Table 2).

Minimum nest temperatures were lower in
2012 (25.8 £ 0.6°C) than 2013 (26.5 =+
0.4°C), in wooden nest boxes (26.0 + 0.4°C)
than woodcrete boxes (26.4 £ 0.8°C), and

for nests with extended recesses than nests
with no extended recesses (Great Tits:
ER = 19.1 & 3.5°C, NER = 27.6 + 0.3°C;
Blue Tits: ER = 15.0 &+ 2.0°C, NER = 27.1
+ 0.4°C; Table 2). Additionally, average
daily ambient temperature and clutch size
exhibited a positive relationship with mini-
mum nest temperature (Table 2).

The duration of incubation periods was sig-
nificantly longer for clutches with at least one
extended recess for both Great Tits
(ER =17.13 + 1.37 d, NER = 13.54 +
0.29 d) and Blue Tits (ER =17.1 £ 0.7 d,
NER = 14.1 £ 0.2 d; Table 3). Additionally,
the duration of incubation periods was nega-
tively related to hatching date (Table 3).
Hatching success was higher in 2013
(81.7 £+ 1.7%) than in 2012 (78.4 + 1.7%)
and was higher for Great Tits (83.6 £ 1.7%)
than Blue Tits (76.9 & 1.7%; Table 3).
Female body condition was worse in 2012
than in 2013 for both Great Tits
(2012 = 0.14 £+ 0.17, 2013 = 0.52 + 0.20)
and Blue Tits (2012 = —0.44 £ 0.18,
2013 = —0.01 £ 0.14), and was worse for
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Blue Tits (—0.19 + 0.11) than Great Tits
(0.29 £ 0.13). No other independent vari-

able affected female body condition
(Table 3).

DISCUSSION

Extended recesses accounted for < 1% of
the total number of recesses performed by
female Great and Blue tits, a value similar to
that reported for an alpine population of
Horned Larks (MacDonald et al. 2013). The
low prevalence of this behavior may explain
why it has often been overlooked. Nonethe-
less, we observed reduced attentiveness and
lower minimum nest temperatures in nests
where females took extended recesses, suggest-
ing the importance of considering this behav-
jor in an ecological context. We found that
extended incubation recesses were more
prevalent in 2012 than in 2013 for both spe-
cies, and that Blue Tits exhibited this behav-
ior more than Great Tits. Although 2012 was
significantly warmer than 2013, which may
have reduced the costs of incubation (Nord
et al. 2010), the body condition of females of
both species was significantly worse in 2012.
Limited energy reserves may have made it
more difficult to cope with the costs of incu-
bation, which may have accounted for the
greater number of extended incubation
recesses in 2012 and for Blue Tits, the species
with poorer body condition. Similarly, Wiebe
and Martin (1997) found that the frequency
of extended incubation recesses by female
White-tailed Prarmigan (Lagopus leucura) was
inversely related to body condition. Extended
recesses occurred more frequenty at the
beginning of breeding season in our study,
possibly because temperatures were lower and
nights longer earlier in the season, factors that
increase the energetic costs of incubation
(Haftorn and Reinertsen 1985, Nord et al.
2010, Ricklefs and Brawn 2013, Alvarez and
Barba 2014).

We found that even one extended recess
during incubation reduced overall nest atten-
tiveness. Nest attentiveness is determined by
females based on their own energy reserves,
rather than on egg temperature (Chaurand
and Weimerskirch 1994, Reid et al. 1999,
Ardia et al. 2009), perhaps explaining why
nest attentiveness was lower in 2012 than
2013 and for Blue Tits than Great Tits. Nest
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attentiveness also differed between nest-box
types, with lower attentiveness in woodcrete
nest boxes. The average warmer microcli-
mate in woodcrete nest boxes may allow
females to allocate more energy to self-
maintenance (Chalfoun and Martin 2007,
Bueno-Enciso et al. 2016). However, con-
trary to this pattern, as ambient tempera-
tures increased, nest attentiveness increased.
This positive relationship between average
daily ambient temperature and nest atten-
tiveness appeared to be driven by the
greater prevalence of extended recesses early
in the breeding season when ambient tem-
peratures were lower.

Nest attentiveness also increased during the
breeding season, perhaps due to an increase
in food availability. Females were also more
attentive with the increasing age of embryos,
probably because the temperature of embryos
needs to be more tightly regulated as embryos
develop (Cooper and Voss 2013). Clutch size
also positively affected nest attentiveness,
which could be related to female quality, i.c.,
higher-quality females were able to lay more
eggs and be more attentive. In addition, how-
ever, larger clutches cool more slowly than
smaller ones (Boulton and Cassey 2012).
Thus, females with larger clutches might have
conserved energy because of a reduced need
to rewarm clutches after recesses, and used
these energy savings to increase their nest
attentiveness.

Extended recesses could have fitness conse-
quences for young if the mean temperature
experienced by embryos during the incuba-
tion period is lower when incubating parents
take extended recesses (Nord and Williams
2015). We found that the minimum nest
temperature recorded for nests where females
had extended recesses was well below the
PZT, whereas the minimum nest temperature
for nests where there were no extended
recesses was not. This suggests that, during
extended recesses, egg temperatures can drop
below the PZT, the temperature below which
embryonic development is suspended (White
and Kinney 1974). In addition, although we
cannot be certain that females that did not
take extended recesses on the day they were
monitored did not take an extended recess on
days when they were not monitored, nests in
our study with at least one extended recess
had incubation periods that averaged 4 d
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longer. Carter et al. (2014) reported similar
results for Wood Ducks (Aix sponsa), and
these longer incubation periods could be
related to the suboptimal thermal conditions
experienced by the embryos due to the
extended recesses. Longer incubation periods
may have fitness costs associated with an
increase in the risk of predation (Martin
2002, Martin et al. 2007) and with increased
energy expenditure by embryos during devel-
opment, which could have a negative impact
on nestlings (Hepp et al. 2006, Eiby and
Booth 2009, DuRant et al. 2013).

Hatching success in our study did not
differ between nests with and without
extended incubation recesses. In contrast,
MacDonald et al. (2013) reported a reduc-
tion in hatching success of 10% in clutches
that experienced at least one extended
recess. Our result could be due to the con-
servative nature of our classification system,
or to females with at least one extended
recess subsequently compensating by provid-
ing optimal conditions during the remainder
of the incubation period (Carter et al.
2014). Other investigators have also
reported no effect of prolonged periods of
hypothermia on hatching success (Haftorn
1988, Wang and Beissinger 2009).

In conclusion, our results provide addi-
tional support for the idea that extended
recesses may be more common among song-
birds than previously thought. Although such
recesses may be infrequent, their effects on
egg temperatures and attentiveness make them
potentially ecologically significant.
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