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Theoretical models on parental care predict that males should decrease their parental effort when paternity is in
doubt. Males may use some cues to assess their certainty of paternity, and try to avoid rearing offspring sired by
extra-pair males. We have previously reported in a socially monogamous passerine, the blue tit (Cyanistes
caeruleus), that males decorate their nests with feathers, and that when this ornament is manipulated, males
appear to have suspicions about the presence of an intruder male. Here, we decrease the male’s certainty of
paternity through experimental feather supplementation to analyse whether the outcome of our experiment
supports the assumptions of the parental care theory. Male C. caeruleus responded to the feather supplementation
experiment by reducing their parental investment (feeding frequency and nest defence) in comparison with control
males. The occurrence of extra-pair offspring in experimental nests was double than that in controls. This suggests
that the manipulation was successful not only in altering males’ perceived paternity, but also, indirectly, the actual
paternity. Furthermore, males that gained extra-pair young also had a higher than average probability to lose
paternity in their nest, which may imply that male C. caeruleus faced a trade-off between obtaining extra-pair
fertilizations and maintaining paternity in their own nest. Overall, this study supports the idea that males are
prone to decrease their parental effort when they perceive that the risk of losing paternity is high. © 2013 The
Linnean Society of London, Biological Journal of the Linnean Society, 2013, 109, 552–561.
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INTRODUCTION

A fundamental prediction of the parental care theory
is that parents invest in their offspring according to
the reproductive value (i.e. genetic relatedness) of
their young (Trivers, 1972). How males respond in
terms of parental care when faced with a real or
apparent loss of paternity has been the subject of a
large body of theoretical and empirical research
(Alonzo & Klug, 2012). According to optimality

models, the optimal parental investment of the male
should be influenced by his share of paternity
(Whittingham, Dunn & Robertson, 1992; Westneat &
Stewart, 2003; Houston, 1995). As extra-pair pater-
nity is a widespread phenomenon in socially monoga-
mous birds (Griffith, Owens & Thuman, 2002;
Kempenaers & Schlicht, 2010), the relationship
between parental care and paternity has been
explored in a wide range of species (reviewed in
Whittingham & Dunn, 2001; Sheldon, 2002). The
results of these studies are inconsistent, in part
because of the diverse methods employed to relate
these two variables. Some of these methods are
regarded as unsuitable to address the key question,
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i.e. if male parental care decreases when the likeli-
hood of being cuckolded increases. Kempenaers &
Sheldon (1997) argued that a causal relationship
between paternity and paternal care cannot be estab-
lished in most studies relying on correlations across
individuals, because of the potential influence of
several other variables (e.g. condition; for a thought-
ful discussion on this topic see Kempenaers &
Sheldon, 1996, 1998; Sheldon, 2002). Experimental
studies seem to be the most appropriate approach to
establish a causal link between paternity and pater-
nal care, thereby avoiding the problems associated
with confounding factors (e.g. quality of the territory
or of the individual); however, a difficulty that must
be taken into account when designing these kinds of
experiments is that it is unlikely that males can
directly estimate their own paternity. Thus, the
manipulated variable should be a third one (a surro-
gate variable) that correlates with the parameters of
interest, i.e. certainty of paternity (see more below).

In this study, we use the blue tit Cyanistes caeruleus,
a socially monogamous hole-nesting passerine, as a
study species. Extra-pair fertilizations are common in
C. caeruleus, typically ocurring in 40–60% of broods
(for a review, see Vedder, 2011). Behavioural observa-
tions suggest that fertile females conduct forays into
the territories of other males in search of extra-pair
copulations (Kempenaers et al., 1992). On the other
hand, male C. caeruleus often intrude into neighbour-
ing territories, but in the presence of the male partner,
intruding males are usually detected early and imme-
diately chased out of the territory (Kempenaers,
Verheyen & Dhondt, 1995). Such behaviour (male
harassment) is likely to be especially frequent at high
densities (Charmantier & Perret, 2004).

We have reported elsewhere (Sanz & García-Navas,
2011) that C. caeruleus breeding at Montes de Toledo
(central Spain) are characterized by behaviour not
previously described in this species: males regularly
place feathers of a variety of species in their nests,
with an ornamental purpose (feathers are deposited
outside the nest cup in a conspicuous manner). This
post-mating display may be used by females to ascer-
tain the phenotypic quality of the partner (parental
quality) and modulate their investment in reproduc-
tion. We tested this hypothesis experimentally, and
found that in the nests to which we added feathers,
females laid larger clutches (Sanz & García-Navas,
2011). However, a side effect of our feather-addition
experiment was that introduced feathers increased
the male desertion rate in comparison with the
control group (Sanz & García-Navas, 2011). A possible
explanation is that male C. caeruleus may infer the
existence of a second male from the presence of
foreign feathers, and thus invest less in the care of
the brood because of a reduced confidence in pater-

nity. In this sense, indeed, it has been suggested that
males may use some cues that provide them with
information about their certainty of paternity in the
current breeding attempt (Kempenaers & Sheldon,
1997: fig. 1). Most studies performed with the aim of
manipulating certainty of paternity have employed
temporary removals of one of the pair members
(female detention, e.g. Wright & Cotton, 1994;
Sheldon, Rãsãnen & Dias, 1997; Kempenaers,
Lanctot & Robertson, 1998; Valera, Hoi & Kristin,
2003; male detention or removal, e.g. Lifjeld,
Slagsvold & Ellegren, 1998; Møller, 1998; Sheldon &
Ellegren, 1998). These studies assume that males use
the absence of their mate as a cue to assess their
paternity. The major flaw of this method is that the
manipulation involves the individual itself, which
may influence its physiological condition and/or pro-
visioning behaviour. More recent studies have
employed other methods without involving the
capture of adults. In birds, Mougeot, Arroyo &
Bretagnolle (2001) used decoy presentations as a
means to manipulate the perception of risk of extra-
pair copulation by male Montagu’s harriers Circus
pygargus. In fishes, Neff (2003) manipulated a visual
cue (the presence of parasitic cuckolder males) used
by male bluegill sunfishes Lepomis macrochirus to
assess their paternity. In either case, the main goal of
these kinds of experiments is not necessarily to
change paternity in the brood, but to change the
male’s perception about the female partner’s fidelity
(Kempenaers et al., 1998). The rationale of this
approach is that any male response must be based
upon a male’s certainty of paternity, and not on actual
genetic parentage, as there is evidence that male
birds are not able to discriminate between their own
and extra-pair offspring (Kempenaers & Sheldon,
1996; Penn & Frommen, 2010).

Here, we test indirectly whether the addition of
feathers to the nest is perceived by male C. caeruleus
as a reduction in their certainty of paternity. Accord-
ing to optimality models on paternal investment,
males should expend less parental effort when their
certainty of paternity within a brood is low (e.g.
Whittingham et al., 1992; Houston, 1995). We first
examine how C. caeruleus respond to the manipula-
tion of this male ornament, which is also used to
convey information in an intrasexual context (i.e.
male–male interaction). Second, we study male and
female parental investment (in terms of feeding effort
and defence against potential predators) in control
and experimental nests. Third, we test whether the
addition of feathers has an effect on the rate of
extra-pair paternity. Finally, we analyse the conse-
quences of the experimental manipulation on breed-
ing performance (fledgling success and offspring body
condition).
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MATERIAL AND METHODS
STUDY AREA AND GENERAL FIELD PROCEDURES

The study was conducted over two consecutive breed-
ing seasons (2010–2011) on a C. caeruleus nesting box
population at Quintos de Mora (39°25′N, 4°04′W,
Toledo, central Spain). The area consists of deciduous
forest dominated by Pyrennean oak, Quercus
pyrenaica, with 100 wooden nesting boxes erected at
30–40-m intervals. Nesting boxes were inspected
daily throughout the breeding season until every
fledgling left the nest. The breeding traits were:
laying date (defined as the date the first egg is laid);
clutch size; number of hatchlings; and number of
fledged young. Parents were captured by means of
spring traps while feeding nestlings, at 8 days after
hatching. Upon capture, adults were tagged with
metal sex-specific coloured bands, sexed (based on the
presence/absence of a brood patch), and aged as first-
year breeders or older (based on plumage character-
istics; Svensson, 1992). On day 13 after hatching,
nestlings were banded, weighed using a portable elec-
tronic balance (accuracy ± 0.1 g), and their tarsus
length was measured to the nearest 0.01 mm using a
digital calliper (for more details on field routines, see
García-Navas, Ferrer & Sanz, 2012). In 2010, adults

and nestlings were bled for parentage analyses by
brachial venipuncture. Blood samples (about 20 ml)
were stored in 96% ethanol (in the case of adults) or
on Whatman FTA cards (in the case of nestlings;
Whatman Ltd, Kent, UK).

EXPERIMENTAL FEATHER SUPPLEMENTATION

In the field, the average number of feathers found
per nest in these populations is six (mean ± SE,
6.41 ± 0.65; range, 0–30; N = 110). We experimentally
manipulated the number of ornamental feathers in 66
C. caeruleus nests (2010, N = 16 control nests, N = 16
experimental nests; 2011, N = 17 control nests, N = 17
experimental nests) to induce the males of manipu-
lated nests to infer the presence of a second male. We
used commercial feathers (Almacenes Cobian SA,
Madrid, Spain) of similar size (80–90 mm in length),
and dyed orange and blue. We chose these colours
because they seem to be preferred and easily detect-
able by C. caeruleus (Sanz & García-Navas, 2011;
V. García-Navas, pers. observ.). We assigned each nest
to either the experimental or the control groups at the
beginning of the egg-laying period, once the nest-
building period was complete (see Fig. 1). We took

Figure 1. Map showing the spatial distribution of experimental (E; N = 16) and control (C; N = 16) nests in the study area
in 2010, and the extra-pair mating behaviour of blue tits (Cyanistes caeruleus) from a male perspective (i.e. assuming that
the male is responsible for moving into other territories). Arrows originate in the territory of the ‘cuckolding male’ and
point at the territory of the extra-pair female (‘cuckolded male’). Grey circles indicate active nests of C. caeruleus; white
circles were not included in paternity analyses (in most cases because one of the parents was not captured). The cross
indicates a male whose nest was not identified (i.e. a floating individual or a breeding individual from a natural cavity).
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into account whether the nests were originally deco-
rated. Nests in which we noted that C. caeruleus were
beginning to add feathers were assigned to the experi-
mental group, and those in which we perceived that
this behaviour (feather carrying) was absent or rare
were assigned to the control group. In control nests
we did not add or remove feathers, so that the
number of feathers added by C. caeruleus naturally (if
any) was unaltered. In experimental nests we added
five feathers: three orange and two blue. Feathers
were placed outside the nest cup, simulating the
natural pattern observed in these populations (for
additional details, see Sanz & García-Navas, 2011).
Experimental and control nests were checked every
day until the end of the egg-laying period. Control
nests were exposed to a similar level of disturbance as
the experimental nests (for less than 3 min). At each
visit, we counted the number of supplemented feath-
ers and uncovered feathers that were buried with
nesting material by C. caeruleus. We replaced any
feathers that had been removed by C. caeruleus (see
below). In this way, we tried to ensure that experi-
mental nests always contained supplemented ‘foreign’
or ‘non-family’ feathers. Experimental nests were
classified into two types: nests with and without
feather-removal behaviour. There were no differences
in laying date or brood size on day 10 after hatching
between treatments (both P values > 0.2).

In a subsample of experimental nests (N = 10) we
filmed the feather-removal behaviour of C. caeruleus
in order to identify the sex responsible for this activ-
ity. We used a handycam (Sony DCR-SR290E, Tokyo,
Japan) placed on a tripod at a distance of > 5 m from
the nest, and set in such a way that the entrance to
the nest was visible in frame. Video recordings (mean
duration, 120 min) took place a few minutes after we
introduced feathers to the nest, and occurred oppor-
tunistically throughout the study period.

Cyanistes caeruleus is an unsuspecting species,
whose less elusive character makes it a good model
for experimental studies. Several authors have
manipulated some nest characteristics (e.g. the pres-
ence of aromatic plants) or exchanged nests without
causing significant changes in the provisioning behav-
iour of C. caeruleus parents (e.g. see Tomás et al.,
2007; Mennerat et al., 2008, 2009). For instance, the
insertion of model eggs (Vedder et al., 2007), small
trays (Grieco, 2002), or Petri dishes (Tomás et al.,
2008, V. García-Navas, pers. observ.) into the nesting
box did not lead to an increase in the desertion rate
of males or a decrease in the frequency with which
these males fed their young. Cyanistes caeruleus
accept these kind of manipulations well, and rapidly
resume their feeding activity after a disturbance
(V. García-Navas, pers. observ.). Thus, there is no
a priori reason to think that the result of our experi-

ment is linked to the disturbances caused by manipu-
lating the nest (irrespective of the manipulated trait).
If so, both sexes should respond to the addition of
feathers in a more or less similar way (by decreasing
their feeding rates in comparison with that of the
pairs in control nests).

PATERNITY ANALYSES

We obtained samples corresponding to 26 families (12
control broods and 14 experimental broods). DNA was
isolated from blood samples using NucleoSpin Tissue
Kits (Macherey-Nagel, Duren, Germany). Cyanistes
caeruleus were genotyped using 14 polymorphic
microsatellite markers developed for C. caeruleus
and other passerine species. The primer details,
PCR amplification conditions, and other details
are described in García-Navas, Ortego & Sanz
(2009). Genetic parentage was determined by using
a likelihood-based approach in CERVUS 3.0
(Kalinowski, Taper & Marshall, 2007). We inspected
progeny arrays for allelic mismatches with the puta-
tive (social) mother. Nestlings that mismatched those
of the social mother at more than one locus were
considered cases of intraspecific brood parasitism,
and were excluded from analyses. We then compared
nestling genotypes with those of the social parents. If
a nestling mismatched their social father at more
than two loci, the social father was excluded as a sire,
and this was considered to be a case of extra-pair
paternity (EPP). For all cases of EPP, we searched for
the extra-pair sire among all breeding males for com-
plete matches (for details of a similar procedure, see
Bouwman & Komdeur 2005). The array of loci used
had a total exclusionary power of 0.99. To analyse
levels of EPPs, we recorded both the proportion of
extra-pair offspring (EPO) and the proportion of
broods containing EPO (extra-pair broods, EPBs).

PARENTAL INVESTMENT

In the 2011 breeding season we monitored the provi-
sioning effort of C. caeruleus parents by means of
video recordings. One day prior to filming we replaced
the original nesting box with another adapted to
house a handycam, such that the birds could get
habituated to this device. Taping sessions were
carried out on the day that the chicks reached 10 days
of age. Each nest was recorded for 90 min and the
first half hour was discarded because birds took time
(5–15 min) to resume feeding activity after the dis-
turbances from setting the equipment. We scored the
number of male and female feeding visits during the
last 60 minutes of the recording for a total of 26 pairs
(N = 14 control nests; N = 12 experimental nests).
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In 2011, we also recorded whether parents were
present while the nestlings were manipulated, and if
they exhibited anti-predator behaviour when the
integrity of their offspring was threatened by our
presence. We noted whether adults performed anti-
predatory displays (gliding flights, hissing display)
while we ringed and measured the nestlings on
day 13 after hatching.

The cases in which one of the parents was not
observed feeding the young, and was not seen again
later (e.g. exhibiting defence behaviour to protect the
nestlings while they were being handled), were
excluded from the analyses to avoid false zeros, as such
individuals were assumed to have deserted the nest.

DATA ANALYSES

During two breeding seasons, a total of 66 C. caeru-
leus nests were assigned to one of the two treatments
(N = 33 control nests; N = 33 experimental nests). In
2010, 26 complete families (N = 12 control; N = 14
experimental) were sampled to obtain parentage
data. Six families were not genotyped (mostly because
we failed to capture both parents), and were then
excluded from paternity analyses. In 2011, we gath-
ered information on parental care (feeding effort,
defence behaviour) for a total of 26 nests (N = 14
control; N = 12 experimental). The effect of the treat-
ment on parental feeding rates was assessed by com-
paring the two experimental groups by means of
Student’s t-tests. Proportions (number of broods con-
taining EPO with respect to the total number of
broods analysed, frequency of occurrence of nest-
defence behaviour) or percentages (% EPO per brood)
were compared using non-parametric tests (2 ¥ 2 con-
tingency tables, chi-square test). We used general
linear mixed models to test for the effect of the
experimental treatment on breeding success and nes-
tling condition in both years. Models included study
year and treatment as categorical variables,
female ID as a random factor, and two explanatory
terms that may affect offspring development: laying
date and brood size. Body mass was corrected by
regression for body size (tarsus length). We used a
backward stepwise procedure to remove non-
significant variables and interactions from the
models. Statistics are only reported for the variable of
interest (i.e. treatment), and those that had a signifi-
cant effect on the dependent variable. Percentages
were arcsine square root transformed. Sample sizes
varied slightly among analyses because of missing
data for some variables in some nests. All tests are
two-tailed and means ± SEs are presented. All statis-
tics were carried out using STATISTICA 7 (Statsoft
Inc. Tulsa, OK, USA) and SAS 9.1 (SAS Institute,
Cary, NC, USA).

RESULTS
MALES’ RESPONSE TO THE TREATMENT

In more than 75% of nests in which we added artifi-
cial feathers we found evidence that C. caeruleus
removed or hid the feathers (2010, 75%, 12/16; 2011,
88%, 15/17). In most of the cases we observed that
some or all feathers were expelled from the nest (92%,
25/27; Fig. 2). Sometimes, the time elapsed between
the addition of the feathers and their removal by the
bird was less than an hour. On a few occasions (7%
2/27), feathers were not removed but were hidden
with nesting material. Both strategies (feather
removal and feather concealment) were recorded in
some nests (33%, 9/27; Fig. 2). In all cases in which
we gathered observational data on the removal of
feathers from the nest, we found that only the social
male was involved in this behaviour (N = 8). The
frequency with which males visited the nest was 1.4
visits per hour (range, 0–3.5, N = 10).

Of the 33 experimental nests decorated with
feathers, two (6%) were deserted during the egg-
laying phase; during the brood-rearing period, two
(6%) were deserted by both parents (7–9 days after
hatching), two (6%) were deserted by the male, and
one (3%) was deserted by the female. In the control
group, two nests (5%) were deserted prior to egg
hatching and no nest was deserted during the chick-
rearing period.

PATERNITY

A total of 52 adults and 171 chicks from 26 broods
were genotyped for paternity analyses. Almost half of
the sampled broods (46%, 12/26) contained at least
one offspring whose genotype mismatched those of
their observed fathers. Twenty of 171 chicks (14%)
were the result of extra-pair fertilizations. The pro-
portion of EPBs differed significantly between treat-
ments. More than half of the experimental broods
contained nestlings that were sired by an extra-pair
male (experimental, 64%, 9/14; control, 25%, 3/12;
c2 = 4.01, P = 0.04). There was no difference in the
percentage of EPO per brood between experimental
and control nests (experimental, 13%, range 0–33;
control, 10%, range 0–50; t = 0.36, P = 0.72). Males
that obtained extra-pair copulations were more likely
to lose paternity in their own nests (Fig. 1). Seven of
the eight males (88%) that sired extra-pair young also
lost paternity with their social mate, whereas more
than half (72%, 13/18) of males that did not engage
in extra-pair copulations avoided being cuckolded
(c2 = 7.95, P = 0.005). Cuckolding males did not obtain
any overall advantage in terms of gained paternity
because the number of extra-pair chicks (‘gains’) was
not significantly higher than the number of ‘paternity
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losses’ (number of extra-pair gains, 2.25 ± 1.48,
range 1–5; number of within-pair losses, 1.43 ± 0.53,
range 1–2; t = 1.37, P = 0.19).

EFFECTS OF THE TREATMENT ON PARENTAL CARE

We found an effect of treatment on the frequency with
which male C. caeruleus provisioned their young.
Chicks from experimental nests were fed less fre-
quently than those from control nests (Fig. 3; experi-
mental, 5.83 ± 6.46, N = 12; control, 11.77 ± 7.21,
N = 14; t = 2.09, P = 0.04). There was no effect
of treatment on female provisioning rates
(Fig. 3; experimental, 10.36 ± 4.16, N = 12; control,
10.91 ± 6.00, N = 14; t = 0.15, P = 0.78). When consid-
ering both sexes jointly, we did not find an effect of
adding feathers on the total number of provisioning
events (feeds per h: experimental, 17.17 ± 6.95,
N = 12; control, 21.29 ± 8.92, N = 14; t = 1.29,
P = 0.20).

The frequency with which male C. caeruleus
defended their nestlings while they were manipulated
was significantly lower for experimental nests in com-
parison with control nests (experimental, 17%, 2/12;
control, 79%, 11/14; c2 = 9.90, P < 0.01). In the case of
females, the difference between treatments was not
significant (experimental, 50%, 6/12; control, 79%,
11/14; c2 = 2.33, P = 0.12).

A

D

B

C

AA

DD

BB

CC

Figure 2. Examples of the behaviour of the males observed in response to the feather-addition treatment: male blue tits
(Cyanistes caeruleus) removing feathers from their nest (A, B); a male introducing a ‘natural’ feather (pigeon down) to the
nest (C); and a male introducing new nesting material (straw, dry grass) to cover the feathers added experimentally by
researchers (D). All pictures were taken once the nest construction period was finished. The nesting boxes are protected
with wire mesh, and a plastic pipe is fixed to the entrance to deter predators.

Figure 3. Effect of the treatment (experimental versus
control) on the provisioning effort (feeds per h, means ±
SEs) of males (filled boxes) and females (empty boxes) on
day 10 after hatching.
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BREEDING SUCCESS AND NESTLING CONDITION

There was no effect of treatment on the proportions of
fledged young (experimental, 80.07 ± 4.79; control,
83.55 ± 4.72; F1,51 = 0.73, P = 0.39). Nestling mass
did not differ significantly between experimental
and control nests after controlling for other influenc-
ing variables (experimental, 9.91 ± 0.20; control,
10.19 ± 0.14; treatment, F1,45 = 0.05, P = 0.82; laying
date, F1,45 = 6.26, P = 0.01; brood size, F1,45 = 6.52,
P = 0.01; nestling tarsus length, F1,45 = 21.3,
P < 0.001). Likewise, neither was there a significant
effect of treatment on nestling tarsus length (experi-
mental, 15.49 ± 0.09; control, 15.62 ± 0.12; treatment,
F1,48 = 0.07, P = 0.79; laying date, F1,48 = 12.29,
P < 0.001).

DISCUSSION

We found that male C. caeruleus responded to the
feather supplementation experiment by reducing
their parental investment in comparison with males
whose nests were not manipulated. Our experiment
suggests that male C. caeruleus may infer the exist-
ence of a second male and perceive an increased risk
of cuckoldry by the presence of ‘foreign’ feathers in the
nest. Our findings are thus in agreement with theo-
retical models predicting that when the genetic con-
tribution to progeny is decreased by cuckoldry, males
will reduce their care of the offspring in their nest
(Winkler, 1987; Westneat & Stewart, 2003). Some
previous studies have found correlational evidence for
this prediction (e.g. Burke et al., 1989), whereas
others found no adjustment of paternal effort with
decreased paternity (e.g. Westneat, 1995; Bouwman,
Lessells & Komdeur, 2005; García-Vigón, Veiga &
Cordero, 2009). Here, we did not directly relate
parentage and parental effort, but we used a third
variable (certainty of paternity) to establish a rela-
tionship between paternity and the extent of paternal
care (Kempenaers & Sheldon, 1997; Sheldon, 2002).
In this regard, it should be stressed that it is practi-
cally impossible to measure such a thing as ‘certainty
of paternity’ (Kempenaers & Sheldon, 1997). None-
theless, we obtained evidence that the perceived
paternity of males was decreased by the experimental
treatment, and that it was successful in affecting the
male’s parental care. Male C. caeruleus decreased
their provisioning effort and tended to reduce their
invesment in the defence of offspring against poten-
tial predators when they found ‘foreign’ feathers
introduced to their own nest. As far as we know this
study is the first to provide experimental evidence
that C. caeruleus can alter their paternal investment
in response to their confidence in paternity. Our find-
ings are consistent with those found by Neff (2003) in

fishes. He found that when the perceived paternity of
male bluegill sunfishes was experimentally reduced,
they tended to abandon their nests and that their
willingness to defend the brood from a potential
predator was lower in comparison with the control
males (Neff, 2003).

From the females’ point of view, one can argue that
it would be reasonable to expect a greater share of
maternal effort at experimental nests because the
presence of supplemented feathers (an indicator of
male quality) may induce them to increase their
investment in reproduction (‘differential allocation’,
reviewed in Sheldon, 2000; Horváthová, Nakagawa &
Uller, 2012). As reported in a previous study, we found
that the presence of feathers induced females to lay
slightly larger clutches (Sanz & García-Navas, 2011,
see also García-López de Hierro, Moleón & Ryan,
2013). However, we did not find differences in provi-
sioning rates between females from experimental and
control nests. This means that females from experi-
mental nests did not appear to compensate for the
decrease in male investment. This result is striking,
considering that we have previously reported that the
relative contribution of females to offspring feeding
was lower in nests decorated with feathers, compared
with undecorated nests (Sanz & García-Navas, 2011).
That is, females from nests decorated (naturally or
experimentally) with feathers tended to decrease
their parental effort when the partner contribution
was high, but were unwilling to increase their share
of provisioning in the opposite situation. In other
words, females were sensitive to changes in their
partner’s contribution only when it suited them. In
previous breeding seasons, we observed that chicks
from nests naturally decorated with feathers were
significantly heavier than those from nests in which
such behaviour was not detected, and that the abso-
lute number of fledged young was also significantly
higher in the former (Sanz & García-Navas, 2011). In
the present study, the lower contribution of males to
the care of young observed in experimental nests
could explain the absence of an effect of the treatment
on fledgling success or nestling condition.

A remarkable finding of this study was that males
tended to remove or hide the feathers that we added
(Fig. 2). In these populations, C. caeruleus often use
feathers to decorate their nests, as has been previ-
ously reported in other species (e.g. the spotless star-
ling, Sturnus unicolor, Polo & Veiga, 2006; Veiga &
Polo, 2011; firewood-gatherer, Anumbius annumbi,
Zyskowski & Prum, 1999; K. Delhey, unpubl. data;
rock sparrow, Petronia petronia, V. García-Navas,
unpubl. data). In a previous study, in which we sup-
plied C. caeruleus with feathers piled in the nest
surroundings, we observed that males made use
of this resource as soon as they discovered it
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(Sanz & García-Navas, 2011). In the present study,
we observed that some of the feathers that were
expelled from the nest by its owners were later reused
by other individuals (V. García-Navas, pers. observ.).
Therefore, it is reasonable to think that C. caeruleus
just perceived the feathers that we added as being
introduced by male intruders. Such a perception
resulted in the resident males hiding or removing
them. Nest ornamentation may also play an informa-
tive role against potential rivals, and have implica-
tions on male–male interactions. In a recent study
with C. caeruleus, Holveck et al. (2010) found that
males visited their nest multiple times during the
egg-laying period. Moreover, they reported that a
large proportion of males visited the nests of neigh-
bouring males. The frequency of nest visits that we
reported for experimental nests was higher than that
observed by Holveck et al. (2010) in unmanipulated
conditions, a fact that could be explained as a male
response to the supplementation of ‘foreign’ feathers.
Males of several bird species frequently add bizarre
materials to the nest (fur, cocoons, bones, and plastic;
e.g. Eckerle & Thompson, 2005; Sergio et al., 2011),
and their function, in some cases, remains unknown.
The use of nest decorations as a means to avoid
provisioning of unrelated offspring is a topic that
deserves further research.

We found that some males from the experimental
group deserted their nest after hatching, which may be
related to their increased perception of risk of cuck-
oldry. In addition, in two deserted experimental nests
we found some eggs (the quality, or at least appear-
ance, of which was good) had been destroyed by
pecking. Such circumstances had not been observed
previously in the study population (V. García-Navas,
pers. observ.), and can be considered as unusual in this
species, whose rate of conspecific brood parasitism is
thought to be low (Vedder et al., 2007; Griffith et al.,
2009). Egg destruction could be interpreted as an
infanticidal behaviour, as has been reported in some
mate-switching studies in which a male was replaced
by another male (Robertson & Stutchbury, 1988; Veiga,
1990). In this vein, Osorio-Beristain & Drummond
(2001) reported that male blue-footed boobies, Sula
nebouxii, expelled the eggs from their nest when the
risk of being cuckolded was increased experimentally.

In natural circumstances, one would expect that
the presence of feathers (as an indicator of high-
quality males) would incite female C. caeruleus to be
less likely to engage in extra-pair copulations. The
result of our experiment contradicted this prediction.
The rate of extra-pair paternity in experimental nests
was significantly higher compared with that of control
nests. This suggests that engagement in extra-pair
copulations is not only driven by females, and that
males may also play an important role in this behav-

iour (Griffith et al., 2002; Westneat & Stewart, 2003;
Akçay et al., 2012). In this sense, a possible explana-
tion for our finding is that males responded to the
feather-supplementation experiment by reducing
their mate-guarding behaviour. This is in agreement
with previous studies that showed a negative rela-
tionship between apparent loss of paternity and mate-
guarding intensity (see Møller & Birkhead, 1993, and
references therein). If the addition of feathers caused
the certainty of paternity of males to reach a critically
low level, then males may be reluctant to devote any
effort to paternity guarding because the amount of
time and energy devoted to these behaviours may not
be compensated by a substantial gain in terms of
reproductive success. Thus, the high rate of extra-pair
paternity found in experimental nests may be linked
to a decrease in mate-guarding effort (i.e. ‘distrustful’
males drop their guard). In this regard, we found that
males that gained extra-pair young via extra-pair
copulation were also more likely to have reduced
paternity in their nest in comparison with non-
cuckolding males. Accordingly, it seems that male
C. caeruleus experienced a trade-off between ensuring
paternity at home and pursuing copulations else-
where. This result can be easily explained by taking
into account that a male faces a dilemma while pur-
suing extra-pair copulations outside their territory, as
their absence can be exploited by other neighbouring
males to gain paternity (Chuang-Dobbs, Webster &
Holmes, 2001; Hill et al., 2011; Canal, Jovani & Potti,
2012).

Overall, our results suggest that feather supple-
mentation was perceived by social males as indicating
a reduced certainty of paternity, which seems to have
negatively affected their mate-guarding behaviour
and resulted in a higher rate of extra-pair paternity
in comparison with control nests. According to opti-
mality models of paternal care, male investment in
the brood was lower in experimental nests, an effect
that can be attributed to the lower certainty of pater-
nity after feather supplementation. This study rein-
forces the view that experimental approaches are
necessary to control for potentially confounding vari-
ables and disentagle the nature of the association
between paternal investment and the male’s certainty
of paternity. Future observational studies could also
help to determine the association between the pres-
ence of ornamental feathers and extra-paternity rates
in a natural context, and whether the fitness benefits
of this behaviour (e.g. increased female fecundity)
exceed other potential costs.
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