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Abstract We studied the occurrence of facultative interspe-
cific brood parasitism (eggs from two species incubated by a
single female) in two bird species, the blue (Cyanistes
caeruleus) and the great tit (Parus major). These species are
secondary cavity nesters. We monitored 38 forest plots of
variable size over 3 years. We found a total of 39 mixed-
species clutches in 1285 nests, representing a prevalence of
3.0 %, but it reached 7.2 % in small woodlands. Seventeen
mixed-species clutches involved blue tit facultative interspe-
cific brood parasitism, with the same number of great tits
usurping and directly laying in blue tit clutches. The higher
the nest-box occupation rate, the greater the prevalence of
mixed-species clutches of any origin. However, the two tit
species behaved differently when faced with nest-hole short-
age, with blue tits dumping one or two eggs into clutches
incubated by great tits and these taking over the entire blue
tit clutch. Nest takeovers were more frequent at the end of the
season. These differences in behaviour are likely mediated by
differing dominance status, with great tits being larger. The
difference in size could also explain why great tit chicks

presented larger hatching and fledging rates than their blue
tit broodmates. These rates were lower in blue tit chicks from
mixed-species broods compared with pure ones, and no ad-
vantages were found in usurper great tit chicks compared to
pure broods. Mixed-species clutches appear to be a response
to nest-hole shortage, a concept that we have termed the ‘last
resort hypothesis’.

Keywords Cyanistes caeruleus . Forest fragmentation . Last
resort hypothesis . Nest parasitism . Parus major . Sibling
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Introduction

‘Interspecific brood parasitism’ (IBP) is a breeding behaviour
in which a female dumps her eggs into a heterospecific’s nest
to be cared for by the latter. It can be ‘obligate’, when it is the
only reproductive strategy for the parasite, or ‘facultative’,
when the parasitic behaviour complements or alternates with
the rearing of the parasites’ own offspring. Obligate IBP has
provided some of the most important theories on behavioural
ecology and evolution, especially with birds as study species
(Rothstein 1990; Davies 2000). Nevertheless, this behaviour
is not exclusive to this taxon, as others like insects (Cervo
et al. 2004; Cervo 2006) or fishes (Sato 1986; Baba et al.
1990; Kent et al. 2011) also present species that systematically
lay their eggs in the nests (or mouths, in the case of some
catfishes parasitising cichlids, Sato 1986) of other species to
be cared for by their hosts. Indeed, several authors have
highlighted the evolutionary convergence of this behaviour
among different taxa (for instance, between birds and insects;
Davies et al. 1989; Cervo et al. 2004; Tallamy 2005; Cervo
2006). These authors suggested that as costs of being
parasitised (reduction in reproductive success, waste of
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resources in rearing foster offspring) and benefits of parasit-
ism (freedom from parental care enables higher egg produc-
tivity) are similar across taxa, host-parasite coevolution is also
similar among different groups, involving host-defensive ad-
aptations and parasite counter-adaptations (mainly, host dis-
crimination of own eggs and offspring vs. parasite mimicry).

On the contrary, studies on the addition of eggs to other
species’ clutches in non-parasitic species (also known as ‘fac-
ultative interspecific parasitism’), that is, those species that
usually rear their own nestlings, are less common. This is
despite reports of facultative IBP from insects (Field 1992;
Cervo 2006) or birds like Anseriformes (Lyon and Eadie
1991) or Galliformes (Krakauer and Kimball 2009).
Previous works in birds have focused on the phylogenetic
origin and evolution of facultative IBP. Namely, Lyon and
Eadie (1991) found that facultative IBP in birds is more com-
mon in precocial (i.e. species in which the young are relatively
mature and mobile from the moment of hatching) than in
altricial (those whose chicks require parental care) species,
likely because the latter gain more in terms of reproductive
output through emancipation from parental care, with obligate
IBP being selected in this group. Consequently, as the costs of
raising parasitic offspring are higher for altricial species, they
have developed several defensive adaptations (e.g. territorial-
ity) against brood parasitism not present in precocial birds
(Rohwer and Freeman 1989).

Ecological studies in altricial passerines found facultative
IBP to be incidental, accidental and/or maladaptive in these
species. However, most of the studies, rather than parasitic
events, described nest takeovers where eggs from the nest
builder remained in the nest cup, without the addition of
new nest material, and leading to mixed-species clutches.
They reported small sample sizes (usually a single case) and
rarely comparative information on foreign chick success
(body mass, survival or recruitment rate) with respect to con-
specifics reared in pure broods. Finally, causes and conse-
quences of nest takeovers or facultative IBP remain unclear
as small sample sizes only allow speculative explanations.
Examples of these studies are Petrassi et al. (1998), who found
four mixed clutches between blue and great tits (Parus major)
in a high-density breeding area after blue tit nest takeovers by
larger great tits. All the blue tit nestlings were raised success-
fully. Mixed clutches represented around 2 % of total clutches
and seemed to be a consequence of nest-hole shortage
(Petrassi et al. 1998 and references therein). Dolenec (2002)
observed a pair of nuthatches (Sitta europaea) that successful-
ly raised a single great tit chick after taking its parents’ nest,
likely because nuthatches are larger. Suzuki and Tsuchiya
(2010) documented that foreign great tit obtained more food
than its varied tit (Poecile varius) broodmates because great tit
chick showed a more active begging behaviour. Finally,
Samplonius and Both (2014) described a case of a three-
species mixed clutch after two successive takeovers (a blue

tit took a pied flycatcher Ficedula hypoleuca clutch that was
then taken by a great tit, who raised chicks from the three
species). This event was associated with a high density of
breeding pairs in a year of large breeding phenology overlap
among these three species due to the delay in breeding in tits
as a consequence of an unusually cold spring (Samplonius and
Both 2014). The occurrence of facultative IBP provides an
opportunity to investigate the evolutionary origin of obligate
IBP (Davies et al. 1989; Slagsvold 1998).

Studies on ‘conspecific brood parasitism’ (CBP), that is,
the behaviour in which a female dumps her eggs into a con-
specific’s nest to be cared for by other individuals, can provide
a theoretical framework for hypothesis testing in facultative
IBP, as certain pressures are similar. Thus, although CBP has
been documented in females with their own viable nests, and,
theoretically, all females in a population can adopt such be-
haviour, some situations may increase its occurrence
(reviewed in Petrie and Møller 1991; Lyon and Eadie 2008).
Namely, this ‘best-of-a-bad-job’ has usually been related to
females that have lost their clutch during egg laying, when
chick-rearing exceeds the resources available, or to nest-hole
or territory saturation (Petrie and Møller 1991; Semel and
Sherman 2001; Lyon and Eadie 2008). Also, females adopting
CBP can be young individuals with poor competitive ability
or those in poor body condition incapable of high reproductive
investment, often referred to as ‘floaters’ (Petrie and Møller
1991; Sandell and Diemer 1999; Saitou 2001; Lyon and Eadie
2008). Among secondary cavity nesters, CBP is expected to
be higher if nesting sites are limited (Yom-Tov 1980, 2001).
Namely, in the grey starling (Sturnus cineraceus), it was ob-
served that floaters without their own nest-boxes were respon-
sible for most of the CBP when the availability of nest-boxes
was low (Saitou 2001). However, when additional nest-boxes
were provided, they were rapidly occupied by these floaters,
and CBP decreased (Saitou 2001). CBP again increased when
the additional nest-boxes were removed (Saitou 2001). Also,
CBP rate has been shown to increase in the blue tit (Cyanistes
caeruleus) with the experimental reduction of nest-boxes
(Jacot et al. 2009) and following inter-annual variations in
nest-box occupation rate (Vedder et al. 2007). These studies
demonstrated that individuals were able to vary their repro-
ductive strategy, highlighting the importance of investigating
the flexibility of reproductive behaviour in relation to a chang-
ing habitat (Sorenson 1991; Lyon and Eadie 2008). Finally, it
is worth mentioning that approaches including more than one
species are interesting, as dominance status can modify the
response of birds to habitat traits (Newton 1994; Dhondt and
Adriaensen 1999; Aitken and Martin 2008; Robles et al.
2012), and subordinate species could employ alternative
breeding tactics (e.g. they could opt for CBP or facul-
tative IBP).

It has long been known that a shortage of tree cavities can
limit the numbers of hole-nesting animals (reviewed in
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Newton 1994 for birds; see also Aitken and Martin 2008,
2012 for mammals and birds). This is especially true for ‘sec-
ondary cavity nesters’, i.e. those that use natural cavities or
cavities excavated by other species because they cannot exca-
vate their own cavities. However, not all species respond in
the same way to nest-hole shortage. In his review, Newton
(1994) suggested that, in extreme situations, a species may
be absent from areas where all suitable nest-holes are occupied
by dominant competitors. In this sense, after cavity density
manipulation (i.e. combining cavity-blocking and nest-box
addition), Aitken and Martin (2008) or Robles et al. (2012)
found that whereas the densities of certain species responded
to such manipulations, they had no effect on others. These
differences in the response to manipulation could be related
to territory size, nest-site plasticity, foraging conditions or be-
havioural dominance (Aitken and Martin 2008; Robles et al.
2012). Beyond breeding density, detailed information on the
behavioural responses of animals to nest-hole shortage is
scarce in the literature. The existence of a fragmented land-
scape, with forest plots of different sizes, represents an oppor-
tunity to study nest-hole shortage, as small, young plots are
usually constrained more sharply because trees often do not
reach sufficient size for natural holes (Robles et al. 2011).

We studied the occurrence of facultative IBP and mixed-
species (i.e. with eggs from two species) clutches in the blue
and the great tit. These are sister species, with similar nesting
biology, egg appearance and food habits (Cramp and Perrins
1993), likely favouring the occurrence of mixed-species
clutches (Slagsvold 1998). As they do not undergo IBP from
obligate parasites (Cramp and Perrins 1993), parasitic egg
rejection behaviour is not expected (Kempenaers et al. 1995;
Petrassi et al. 1998; although it occurs sometimes, J. Morales,
personal communication). These species have similar incuba-
tion periods in pure clutches (13 days, Cramp and Perrins
1993). The blue tit (7–11 g) is inferior in competition for
nest-holes with the larger great tit (17–21 g) (Dhondt and
Adriaensen 1999). As food availability is often similar among
fragments of different sizes (Nour et al. 1998), the availability
of nest-holes is expected to have a major impact on opportu-
nities for breeding, especially for the smaller blue tit (Dhondt
and Adriaensen 1999). We expected that (i) the prevalence of
facultative IBP would be greater in plots with higher nest-box
occupation rates (Yom-Tov 1980, 2001), because nest-hole
shortage could prevent all breeding birds from having their
own nests, once food availability is not a limiting factor in
plots of smaller size (Nour et al. 1998). As the food provision-
ing by tit parents is mediated by chick size, with larger chicks
receiving more supplies, at least in the early development
stages (Dickens et al. 2008; García-Navas et al. 2014b), we
expected that (ii) fledging rate of blue tits in mixed-species
broods would be lower than that of their great tit broodmates.
Additionally, (iii) it would be more advantageous for great tits
to dump into blue tit nests than for blue tits to dump into great

tit nests, because the larger size of great tit chicks makes them
better competitors for parents’ food (Slagsvold 1998). Finally,
we studied the magnitude of fitness costs to owners of being
raised with foreign young, as this is a fundamental issue in
current evolutionary theories that has undergone little empir-
ical investigation (Lyon and Eadie 2008). We expected that
(iv) fledging rate and body condition of blue tits reared with
great tits would be worse than those for chicks reared in pure
broods, as the blue tit is a subordinate species; (v) we also
expected costs for great tits reared with foreign blue tits as
the addition of extra young could result in more chicks than
the owners were able to rear (Petrie and Møller 1991).

Methods

Study area and field protocol

The present work was carried out during the 2011–2013
breeding seasons in two nearby localities at Montes de
Toledo (central Spain), San Pablo de los Montes (39° 32′
44″ N, 4° 19′ 41″ W) and Quintos de Mora (39° 24′ 23″ N,
4° 4′ 19″W). Thirty-eight oak (Quercus pyrenaica)-dominat-
ed forest plots of different sizes (range 1.0–27.4 ha) and sup-
plied with a proportional number (range 3–100; see below) of
nest-boxes were chosen (see Fig. 1 and Table S1 in the
Electronic supplementary material). In our study region, de-
ciduous woodlands are fragmented and dispersed in a matrix
of less suitable habitat for tits (mainly scrublands and pasture-
lands, but also other less suitable forests, like pinewood plan-
tations) due to natural and anthropogenic processes character-
istic of the Mediterranean Basin (Blondel and Aronson 1999;
see also Barrientos 2010; García-Navas et al. 2014a). The size
of each study plot was calculated using a Geographic
Information System (ArcView GIS 3.2) and a layer from the
land cover database (Spanish forest inventory) including in-
formation on the surface covered by oak woodlands (García-
Navas et al. 2014a). We adjusted the number of nest-boxes to
the plot size, with 3 or 5 (in plots of 1.0–4.2 ha; small plots),
20 (2.6–5.8 ha; medium) and 80 or 100 (12.4–27.4 ha; large)
nest-boxes provided (Table S1). The nest-boxes were separat-
ed by 50 m in small patches and 30 m in medium and large
patches. Forest patches were at least 200 m apart (Fig. 1). An
adjusted number of nest-boxes per plot is essential to detect
brood parasitism in secondary cavity nesters, since there is a
widespread practice of setting up an excess of nest-boxes,
which could reduce the competition for nest-boxes (Vedder
et al. 2007; Jacot et al. 2009). As the Eurasian nuthatch
(S. europaea) and the rock sparrow (Petronia petronia), two
species larger than tits, may occupy our nest-boxes, they were
considered when calculating nest-box occupation rate and
breeding density. The same occurred with the Eurasian wren
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(Troglodytes troglodytes), albeit its occupation rate was low
(<0.5 %).

Nests were visited daily from early April to mid-July.
‘Laying date’ (1 = 1st April) was defined as the day when
the first egg was found. As tits lay one egg per day (Cramp
and Perrins 1993), when a nest had more than one new egg
between two consecutive visits, we assumed that other female
dumped the foreign egg. We defined ‘mixed-species clutches’
as those clutches in which eggs from both tit species were
found in the same nest. We then compared these mixed-
species clutches with pure clutches (see below). Every egg
was measured and assigned to one of the species on the basis
of their characteristics. The laying species could be differen-
tiated at the egg stage because blue tit eggs were smaller
(mean±standard error (SE), 17.15±0.03×13.56±0.02 mm,
with 1.60±0.01 mm3 of volume, n=2028 vs. 20.37±0.05×
15.81±0.03 mm, with 2.56±0.02 mm3 of volume, n=1112)
and had different pigmentation patterns (size and spot distri-
bution) and shape compared to great tit eggs (JB-E et al.,
unpublished data from pure clutches from 2011; see also
Fig. S1 in the Electronic supplementary material). To measure
egg dimensions, we took a picture with a digital camera in the
field, and all pictures were processed in the lab with a graphic
software by the same researcher (JB-E). We used the rule
included in the picture (see Fig. S1 in the Electronic supple-
mentary material) as a scale to assess the egg length and width
with a digital calliper (to the nearest 0.01 mm). The egg vol-
ume was calculated with the formula presented in Hoyt
(1979). We assigned the nest to one of the species once laying
began and never during nest building. Additionally, species

identity was confirmed at hatching, as we visited the nests
daily, and great tit chicks were as much as two times as large
as blue tits. These differences were already evident in the first
hours after hatching.

Within mixed-species clutches, we differentiated ‘clutches
with egg dumping’ and aggressive ‘nest takeovers’. The first
behaviour indicates an egg from the other tit species found in a
nest, without a change in the nest owner, with the nest owner
incubating the eggs of both species. The dumped eggs and
chicks were termed ‘dumped’, and the birds incubating the
eggs and rearing the chicks (both their own and dumped eggs)
were termed ‘owners’, as were their chicks. ‘Hatching rate’
was the proportion of chicks hatching to eggs laid. Eggs fail-
ing to hatch were those that were still present in the nest
several days after hatching. Hence, if brood size on the first
visit after hatching was lower than clutch size, missing eggs
were assumed to have hatched, and the chicks concerned were
assumed to have died (Slagsvold 1998). Adult birds were
captured by means of spring traps when feeding nestlings 8–
9 days old. At capture, parents were sexed and weighed with a
portable digital balance (to the nearest 0.1 g), and their tarsi
were measured with a digital calliper (to the nearest 0.01 mm)
and identified with metal rings. Birds were aged as yearlings/
adults based on their moult pattern (Svensson 1984). When
none of the parents were captured, the species identity was
confirmed visually or by videotaping. No heterospecific pairs
were observed (this fact has only been observed after experi-
mental manipulation, Slagsvold et al. 2002). The nestlings
were banded, measured and weighed at 13 days old. On day
22, nest-boxes were visited to assess the ‘fledging rate’, as

Fig. 1 Map of the study area.
Large plots (80–100 nest-boxes)
are represented by squares,
medium (20) by triangles and
small (3–5) by points. The areas
with at least 50 % of Pyrenean
oak (Q. pyrenaica) based on the
Third National Forest Inventory
from 2007 are shown in grey
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chicks have already left the nest at this age (Cramp and Perrins
1993). This was the proportion of chicks fledged from the
number of chicks hatched and was only calculated for broods
from which at least one chick fledged. Hence, cases of total
nest failure due to predation or desertion were excluded from
these analyses, as we could not link them to the behaviours
that we studied (Petrie and Møller 1991). The second clutches
after successful breeding were anecdotal in our study area
(<1 %), and they were discarded from all the analyses. The
repeat clutches after breeding failure (2 %) were not included
in our analyses. Thus, we only used first clutches in all
our analyses.

A second behaviour leading to mixed-species clutches,
which we termed ‘nest takeover’, was when the builder spe-
cies was aggressively replaced, but at least one egg from the
builder remained in the nest cup. The new species did not
build a new nest, but rather directly laid in the old nest, incu-
bating both their own eggs and those of the builder. Here, the
incubating female and her chicks were termed as ‘usurpers’,
and the building female and her chicks as ‘replaced’. While it
is difficult to differentiate a nest abandonment followed by
nest re-use from an aggressive nest takeover, in 94 % (n=
17) of the cases in which the re-user was the great tit, it
usurped blue tit nests with incomplete clutches (i.e. blue tits
were still laying, assuming one egg per day), suggesting that
great tits took the nest by the force (Petrassi et al. 1998). We
thus considered all the blue tit nest takeovers by great tits as
aggressive in our analyses. On the other hand, we found
five cases of great tit nest takeovers by blue tits. In
three of them, replacement occurred several days after
the great tit stopped laying, suggesting a non-aggressive
re-use. The other two cases could be considered aggres-
sive nest takeovers, but they were not studied due to the
low sample size.

Statistical analyses

Percentage data were logit transformed (Warton and Hui
2011). Data are expressed as mean±SE. All analyses were
performed with the software Statistica v.10 (Statsoft, USA).

The differences in clutch size between clutches with egg
dumping and pure clutches were analysed with a general lin-
ear model (GLM) where ‘clutch size’ was the dependent var-
iable, and ‘clutch type’ (clutches with egg dumping vs. pure
clutches) the categorical explanatory variable and controlling
for ‘laying date’, ‘breeding density’ ([number of occupied
nest-boxes by tits/ha]) and ‘year’ (categorical). In this analysis
(and elsewhere), the final model only included the interaction
terms if these were significant. We used the same schema to
analyse the differences in clutch size between nest takeovers
and pure clutches. We also analysed the differences in ‘clutch
size’ between clutches with egg dumping (after summing the
added eggs) vs. pure clutches and controlling for the same

variables. Finally, we proceeded with another GLM to evalu-
ate possible variations in ‘laying date’ between ‘species’ and
among ‘years’, which were included as fixed factors.

We modelled the factors affecting the occurrence of
clutches with egg dumping using GLZs, with binomial distri-
bution and logit link function. We used a binomial approach
(clutches with egg dumping vs. pure clutches) because most of
the clutches with egg dumping contained only one dumped
egg (see below). We used the best subset procedure and
Akaike information criterion (AIC) to identify the set of
models best explaining the occurrence of clutches with egg
dumping. We used this technique because it yields consistent
results regardless of the order in which variables were includ-
ed in the model, and allowed models with different numbers
of parameters to be directly compared (Burnham and
Anderson 2002). As explanatory variables, we included as
continuous fixed factors the ‘plot size’ (Table S1), the nest-
box ‘occupation rate’ ([number of occupied nest-boxes by any
species/number of total nest-boxes]*100; Table S1) and the
‘laying date’ and the ‘year’was included as a categorical fixed
factor. Variables that were likely correlated (e.g. occupation
rate and plot size) could initially be included as the less influ-
ential was finally discarded in the modelling procedure
(Burnham and Anderson 2002). We used AIC values without
correction for small sample size as the ratio between the num-
ber of observations and estimator variables was over 40
(Burnham and Anderson 2002). The models with the lowest
AIC represent the best compromise between a maximal fit and
a minimal number of explanatory variables (i.e. statistical par-
simony). To evaluate the relative explanatory power of com-
peting best models, Akaike weights (ωi) were calculated. The
evidence ratio was calculated to compare the Akaike weights
of the best model with competing ones (Burnham and
Anderson 2002; Burnham et al. 2011). In order to estimate
the relative importance of every variable included in any of the
best models, we calculated the sum of Akaike weights of the
models where these variables were included (Burnham and
Anderson 2002). Quantitative differences between the charac-
teristics (plot size, occupation rate, laying date) of clutches
with egg dumping and pure clutches were evaluated using
unpaired t tests. The percentage difference in the prevalence
of clutches with egg dumping among years was examined
using a 3×2 contingency table.

We used the same approach to evaluate which variables
affected nest takeovers. As continued fixed factors, we includ-
ed the ‘plot size’, the nest-box ‘occupation rate’ and the ‘lay-
ing date’ and the ‘year’ as a categorical fixed factor.
Quantitative differences between the characteristics (plot size,
occupation rate, laying date) of nest takeovers and pure
clutches were evaluated using unpaired t tests. Quantitative
differences in age between nest takeover females and those
with pure clutches were analysed with a 2×2 contingency
table with the Yates correction.
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The differences in chick performance (hatching and fledg-
ing rates) between the two species within mixed-species
broods were analysed with two GLMMs, where ‘hatching
rate’ and ‘fledging rate’were, respectively, the dependent var-
iables. As categorical factors, we included the ‘chick species’
and the ‘brood type’ (broods with foreign chicks after egg
dumping vs. nest takeovers) in both models. The parent spe-
cies was not included in the analyses as this was the great tit in
all cases. Nest identity was included as a random factor.
Degrees of freedom were calculated using the Satterthwaite
method.

Hatching and fledging rates as well as nest average body
condition of blue tits reared by great tits after egg dumping
were compared with blue tits from pure broodswith respective
GLMs. As a body condition index, we used (here and hereaf-
ter) the ‘scaled mass index’ from Peig and Green (2009):

M̂ ¼ Mi½L0Li �
bSMA

whereMi and Li are body mass and tarsus length, respectively,
of individual i; bSMA is the scaling exponent estimated by the
standardised major axis regression ofM on L; L0 is the tarsus

arithmetic mean value in the study population; and M̂ is the
predicted body mass for individual i when tarsus (i.e. linear
body measure) is standardised to L0. We averaged the body
conditions of all the chicks from the same nest. We included as
explanatory variables the ‘brood type’ (broods with egg
dumping vs. pure broods), the ‘laying date’ and the ‘brood
size’ at day 13.

We analysed the hatching and fledging rates and the body
condition of owner great tits reared in broods after blue tit egg
dumping compared to those reared in pure great tit broods by
means of a GLM with the ‘brood type’, the ‘laying date’ and
the ‘brood size’ as explanatory variables.

We used a similar schema to evaluate the differences in
hatching and fledging rates as well as nest average body con-
dition of great tit chicks reared in broods after nest takeovers
compared with those great tits from pure broods.

Results

General overview

A total of 1285 tit pairs bred in 2277 nest-boxes in the period
2011–2013, with 774 blue tits (34 % occupation rate) and 511
great tits (22 %). We discarded 40 pure clutches due to their
incomplete monitoring.We found a total of 39 clutches with at
least one blue tit egg and at least one great tit egg (either
‘clutches with egg dumping’ or ‘nest takeovers’), representing
a prevalence of 3.0 % mixed-species clutches of any origin.

Divided by patch size, mixed-species clutches reached 7.2 %
in small patches, 3.9 % in medium and 1.7 % in large ones.

We found 17 (1.3%) cases of ‘clutches with egg dumping’,
with the dumped egg in all cases being from blue tit, never
from great tit. The dumping of foreign eggs occurred during
owner-laying in 81.3 % of nests, and the rest occurred when
the clutch was already completed. In 76.5 % of cases, the
foreign female dumped one egg, and in the remaining cases,
two eggs were dumped (the average blue tit clutch size
in pure clutches was 8.0±0.1). There were no differ-
ences in great tit clutch size between clutches with
egg dumping and pure clutches (8.4±0.4, nclutches with

egg dumping=17 vs. 8.8±0.1, npure clutches=476; F1, 487=
1.39, P=0.24) after controlling for year (F2, 487=7.70,
P<0.001), density (F1, 487=0.08, P=0.79) and laying
date (F1, 487=43.52, P<0.0001). The enlarged clutches
(after the sum of dumped eggs) were not significantly
larger than pure clutches (9.6±0.4, nclutches with egg dump-

ing=17 vs. 8.8±0.1, npure clutches=476; F1, 487=2.31, P=
0.13) after controlling for year (F2, 487=7.72, P<0.001),
density (F1, 487=0.08, P=0.78) and laying date (F1,

487=43.53, P<0.0001).
We found another 17 nests with mixed-species clutches

after blue tit ‘nest takeovers’ by great tits. The usurpation took
place during blue tit laying in 94 % of the cases. In two of
these cases, the female blue tit was found dead in the nest with
the head destroyed, and immediately after that, a great tit be-
gan laying in the same nest. There were no differences in great
tit clutch size between nest takeover and pure clutches (8.2±
0.4, nnest takeovers=17 vs. 8.8±0.1, npure clutches=476; F1, 487=
0.05, P=0.82) after controlling for year (F2, 487=8.61,
P<0.001), density (F1, 487=0.01, P=0.91) and laying date
(F1, 487=43.27, P<0.0001).

When analysing the laying date, the interaction between
year and species was not significant (F2, 1239=0.75, P=
0.47), and thus, it was dropped from the final model. Mean
laying date differed among years (16.0±0.6, n2011=374 vs.
24.1±0.6, n2012=483 vs. 29.1±0.6, n2013=388; F2, 1241=
109.37, P<0.0001), and great tits laid before blue tits did
(22.4±0.6, ngreat tits=476 vs. 23.8±0.5, nblue tits=769; F1,

1241=5.13, P=0.02).

Factors determining the occurrence of mixed-species
clutches

The generalised model approach provided a set of 15
models (four of them with ΔAIC <2) to explain the
occurrence of clutches with egg dumping (Table 1).
Our results did not lend definitive support to any of
these models due to the relatively small differences in
AIC values (Table 1). Importantly, however, the main
models included the nest-box occupation rate (∑ωi=
0.9682), with clutches with egg dumping significantly
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occurring at higher occupation rates (Fig. 2a). Less in-
fluential were the plot size (∑ωi=0.3536), with clutches
with egg dumping significantly occurring in smaller
plots (Fig. 2b), and even less year (∑ωi=0.3470; with
no differences in rates of clutches with egg dumping
among years, χ2=1.85, df=2, P=0.40) and laying date
(∑ωi=0.3065; with no differences between clutch types,

20.2±1.6, nclutches with egg dumping=17 vs. 22.5±0.6, npure
clutches=476; t=0.69, df=491, P=0.49).

The generalised model approach provided a set of 15
models (two of them with ΔAIC <2) to explain blue tit nest
takeovers by great tits leading to mixed-species clutches
(Table 2). The most influential variables were the laying date
(∑ωi=0.9570) as nest takeovers happened later in the breeding
season (Fig. 3a) and the nest-box occupation rate (∑ωi=
0.9008), with nest takeovers significantly occurring again at
higher occupation rates (Fig. 3b). Less important were the
patch size (∑ωi=0.3157; with no differences, 8.2±2.0, nnest
takeovers=17 vs. 11.3±0.4, npure clutches=476; t=1.40, df=2, P=
0.16) and year (∑ωi=0.2523; with no differences in takeover
rates among years,χ2=0.24, df=2,P=0.24). In the subsample
of trapped females, the age (67 % of usurpers were adults, n=
9 vs. 59% of those with pure clutches, n=169, chi-square with
Yates correction, χ2=0.14, df=1, P=0.71) did not differ be-
tween nest takeover and pure clutches.

Species-related differences in fledgling performance
within mixed-species broods

When analysing hatching rates, the interaction between chick
species and the brood type was significant (F1, 32=15.06,
P<0.001), and whereas there were no differences in the hatch-
ing rate between species in clutches with egg dumping (64.7±
11.9 %, ndumped, blue tits=17 vs. 64.3±9.3 %, nowner, great tits=
17; F1, 16=1.13, P=0.28), hatching rate was greater for great
tit chicks in nest takeovers (27.6±6.9 %, nreplaced, blue tits=17
vs. 73.0±8.9 %, nusurper, great tits=17; F1, 16=4.77, P<0.001).
In 89 % of clutches with egg dumping and in 71 % of nest
takeovers, the first great tit that hatched did it at least 1 day
earlier than the first blue tit. In the rest of the cases, the first
chicks hatched on the same day.

Table 1 The set of ten best models that separated clutches with egg
dumping from pure clutches (i.e. blue tit as the foreign species and great
tit as the owner, from 494 clutches). The ΔAIC is the difference in AIC
values compared to the estimated best model (lowest AIC) that allows the

ranking of models from an estimated best (top of the table) to worst. The
AIC weight is the estimated probability that a model is the best model in
the set. Evidence ratio indicates to what extent one model is better than
another

Model no. Variables contained in the model K ΔAIC (Δi) AIC weight (ωi) Evidence ratio

1 Occupation_rate 1 0.0000 0.3036 0

2 Occupation_rate+plot size 2 1.3637 0.1535 98

3 Occupation_rate+year 2 1.5158 0.1423 113

4 Occupation_rate+laying date 2 1.9007 0.1174 159

5 Occupation_rate+laying date+year 3 2.7041 0.0785 287

6 Occupation_rate+plot size+year 3 2.8305 0.0737 312

7 Occupation_rate+plot size+laying date 3 3.2795 0.0589 415

8 Occupation_rate+plot size+laying date+year 4 4.0431 0.0402 655

9 Plot size 1 6.2576 0.0133 2185

10 Plot size+year 2 7.7338 0.0064 4679
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Fig. 2 Mean nest-box occupation rates for great tit clutches with blue tit
egg dumping and for pure clutches (a) and mean plot size for both clutch
types (b). Statistical differences, sample sizes and SE bars are also shown
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Regarding the fledging rates in those broods where at least
one chick of both species hatched, the interaction between

chick species and the type of mixed-species brood was not
significant (F1, 17=0.53, P=0.48) and, thus, dropped from
the model. The fledging rate was greater for great tit chicks
(46.7±10.7 %, nblue tits=19 vs. 71.2±9.3 %, ngreat tits=19; F1,

18=10.21, P<0.01), independent of the type of mixed-species
brood (F1, 18=0.54, P=0.47).

Output differences between mixed and pure broods

Hatching rate of the blue tits reared by great tits after egg
dumping was lower compared to those reared in pure broods
(78.6±11.4 %, ndumped=14 vs. 79.8±1.0 %, npure broods=512;
F1, 522=9.39, P<0.01), after controlling for laying date (F1,

522=30.93, P<0.0001) and brood size at day 13 (F1, 522=
217.24, P<0.0001). Their fledging rate was also lower (45.5
±15.7 %, ndumped=11 vs. 74.7±1.2 %, npure broods=508; F1,

515=4.60, P=0.03), after controlling for laying date (F1, 515=
16.03, P<0.0001) and brood size at day 13 (F1, 515=326.06,
P<0.0001), as was their nest average body condition (9.1±
0.4, ndumped=4 vs. 10.0±0.0, npure broods=499; F1, 499=5.22,
P=0.02), after controlling for laying date (F1, 499=2.10, P=
0.15) and brood size at day 13 (F1, 499=0.03, P=0.87).
However, these latter results should be considered with cau-
tion due to the very small sample size.

Our results suggest that egg dumping is not costly enough
for owner great tits, as their hatching rate was similar to that of
those reared in pure broods (86.0±3.2 %, nowner=14 vs. 82.3±
1.1 %, npure broods=304; F1, 314=1.28, P=0.26), after control-
ling for laying date (F1, 314=6.95, P<0.01) and brood size at
day 13 (F1, 314=59.18, P<0.0001). Furthermore, great tit
chicks that underwent egg dumping showed higher fledging
rates than those reared in pure broods (81.4±6.3 %, nowners=
11 vs. 75.8±1.4 %, npure broods=302; F1, 309=4.55, P=0.03),
after controlling for laying date (F1, 309=6.68, P=0.01) and
brood size at day 13 (F1, 309=224.63, P<0.0001). Finally,

Table 2 The set of ten best models that separated nest takeovers from
pure clutches (i.e. great tit as the usurper and blue tit as the replaced
species, from 494 clutches). The ΔAIC is the difference in AIC values
compared to the estimated best model (lowest AIC) that allows the

ranking of models from an estimated best (top of the table) to worst.
The AIC weight is the estimated probability that a model is the best
model in the set. Evidence ratio indicates to what extent one model is
better than another

Model no. Variables contained in the model K ΔAIC (Δi) AIC weight (ωi) Evidence ratio

1 Occupation_rate+laying date 2 0.0000 0.4660 0

2 Occupation_rate+plot size+laying date 3 1.8284 0.1868 149

3 Occupation_rate+laying date+year 3 2.2435 0.1518 207

4 Occupation_rate+plot size+laying date+year 4 4.1609 0.0582 701

5 Plot size+laying date 2 4.7573 0.0432 979

6 Laying date 1 5.6480 0.0277 1584

7 Occupation_rate 1 6.7800 0.0157 2867

8 Plot size+laying date+year 3 7.1238 0.0132 3423

9 Occupation_rate+year 2 7.3695 0.0117 3883

10 Laying date+year 2 7.6609 0.0101 4508
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Fig. 3 Laying date for great tit clutches, showing nest takeover and pure
clutches (a), where the number of clutches is represented by the circle
size: <5, 6–15 and >15 clutches; and mean nest-box occupation rates for
clutch types (b). Statistical differences, sample sizes and SE bars are also
shown
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their nest average body condition was similar to that of those
reared in pure broods (16.4±0.4, nowners=11 vs. 16.8±0.1,
npure broods=288; F1, 295=1.67, P=0.20), after controlling for
laying date (F1, 295=19.81, P<0.0001) and brood size at day
13 (F1, 295=4.50, P=0.03).

The great tits reared by their parents after blue tit nest take-
over showed higher hatching rates compared to those from
pure broods (90.3±3.4 %, nnest takeovers=14 vs. 82.3±1.1 %,
npure broods=304; F1, 314=5.48, P=0.02), after controlling for
laying date (F1, 314=9.41, P<0.01) and brood size at day 13
(F1, 314=59.37, P<0.0001). On the contrary, fledging rates
were similar (79.0±6.7 %, nnest takeovers=11 vs. 75.8±1.4 %,
npure broods=302; F1, 309=0.16, P=0.69), after controlling for
laying date (F1, 309=7.48, P<0.01) and brood size at day 13
(F1, 309=235.37, P<0.0001). Nest average body conditions
were also similar (16.5±0.3, nnest takeovers=11 vs. 16.8±0.1,
npure broods=288; F1, 295=0.02, P=0.88), after controlling for
laying date (F1, 295=22.46, P<0.0001) and brood size at day
13 (F1, 295=6.52, P=0.01).

Discussion

To our knowledge, we present the first large-scale study on
mixed-species broods in secondary cavity nesters under natu-
ral conditions (i.e. without cross-fostering manipulation).
Mixed-species clutches were the consequence of either delib-
erate egg dumping into the clutch of the other species (facul-
tative IBP) or a by-product of nest re-use, often after aggres-
sive nest usurpation. Whichever the case, the prevalence was
low (3 %) but reached 7.2 % in saturated patches. With the
only exception being laying date, the variables explaining
facultative IBP (in the case of the blue tit) and nest takeover
(in the case of the great tit) were surprisingly similar, suggest-
ing that when these species encountered similar conditions (a
nest-hole shortage), blue and great tits behaved in dissimilar
ways, likely motivated by their different dominance status
(Dhondt and Adriaensen 1999). While the blue tit (the subor-
dinate species) risks dumping eggs into the nest of a larger
species during laying, the great tit directly usurps the entire
nest from the smaller blue tit (Petrassi et al. 1998). The fact
that great tits never dumped eggs into nests incubated by blue
tits is an important difference in regards to previous experi-
mental works (Slagsvold 1998) and highlights the importance
of studying reproductive behaviour in natural conditions. The
importance of laying date for nest takeovers highlights the
idea that this behaviour was a last resort to cope with nest-
hole shortage, as great tits preferred to nest in their own nest-
boxes, and only usurped those of blue tits when nest-holes
were scarce (when the season was advanced and in small
patches). Laying date was not important for blue tit facultative
IBP likely because blue tits were inferior competitors for nest-
holes throughout the season, reinforced by the fact that they

laid later than great tits in our study area. Finally, we acknowl-
edge that CBP could be the strongest target of selection when
nest-hole shortage occurs and that facultative IBP may be a
carryover from CBP (see below).

Works focusing on nest takeover leading to mixed-species
clutches are scarce (e.g. Petrassi et al. 1998; Dolenec 2002;
Suzuki and Tsuchiya 2010; Samplonius and Both 2014), none
have described egg dumping in detail. Thus, these behaviours
have been assumed to be anecdotal in natural populations. In
the case of nest takeovers, mixed-species clutches were most
likely accidents, with old eggs remaining in the nest with the
new, usurper’s eggs. It is surprising that usurper females did
not remove old eggs, as the number of hatched chicks affects
chick survival (Slagsvold 1998). The same applies to our
cases of blue tit egg dumping in great tit clutches. On one
hand, rejection behaviour seems not to have evolved in these
species (Kempenaers et al. 1995; Petrassi et al. 1998), possibly
explaining why foreign females (as well as usurpers in the
case of nest takeovers) did not remove owner eggs when they
dumped their own eggs. Nevertheless, egg-burying may still
be an alternative for usurpers (Kempenaers et al. 1995). The
lack of differences in clutch size between nest takeovers and
pure clutches, the lack of consequences in terms of hatching
and fledging rates and nest average body condition compared
to pure clutches suggests that usurpers did not identify old
eggs as costly in terms of fitness, as tits belong to the so-
called indeterminate layers that compensate for added and
removed eggs (Winkel 1970). This seems also to be the case
of great tits that underwent egg dumping, as clutch size was
similar to pure clutches (see, on the contrary, Winkel 1970).
As mixed-species clutches are rare, some authors have sug-
gested that they represent a weak selective pressure for the
evolution of discriminatory behaviour (e.g. Davies et al.
1989; Merilä 1994).

However, before labelling mixed-species clutches as ‘inci-
dental’, it is important to take into account a parameter not
properly quantified in previous studies: the nest-box occupa-
tion rate. Despite the fact that working with nest-boxes in-
creased potential host nest detectability (i.e. availability)
(Kempenaers et al. 1995), which is essential for the evolution
of brood parasitism (Petrie and Møller 1991; Lyon and Eadie
2008), some of these studies have found no evidence of brood
parasitism (either CBP or facultative IBP) in tits (Kempenaers
et al. 1995; Griffith et al. 2009). Our results showed that
clutches with egg dumping were found when occupation rates
were on average ca. 90 %, and interspecific aggressive nest
takeover appeared when nest-box occupation rate was on av-
erage ca. 85 %. These results are in accordance with the few
works analysing CBP in parallel with nest-box occupation
rate. For instance, Saitou (2001) detected high CBP in grey
starlings when occupation rates exceeded 90 % and less CBP
at around 55 %. Similarly, Vedder et al. (2007) detected CBP
in blue tits at a 70% occupation rate and did not at 44%. Thus,
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egg dumping or nest takeovers are likely only profitable for
females than cannot acquire their own nest-hole (Vedder et al.
2007). Previous works reporting no evidence of brood para-
sitism in tits did not provide occupation rates, although they
may be assumed to be lower than those we found in our small
plots. This is because large plots commonly underwent lower
nest-hole shortages compared to small ones as trees often
reached sizes sufficient for natural holes (Robles et al.
2011). Thus, if the relationship we found in our study between
plot size and nest-box occupation rate was maintained in these
studies, their occupation rates must be too low for the appear-
ance of mixed-species clutches of any origin. Namely,
Kempenaers et al. (1995) studied a 17-ha plot, which is greater
than the average size in which we detected either clutches with
egg dumping or aggressive takeovers (Figs. 2 and 3). The plot
studied by Griffith et al. (2009) was even larger, ca. 380 ha.
Therefore, the widespread practice of setting up an excess of
nest-boxes in most studies of hole-nesting birds may lower the
frequency of mixed-species clutches of any origin, by
decreasing nest-hole competition among females from
different species.

Regarding facultative IBP, it is worth noting that another
non-exclusive explanation is also plausible in our scenario.
Namely, clutches with foreign eggs could be a non-selected
consequence of selection for CBP as a response to nest-hole
shortage. Blue tits that failed to identify conspecific clutches
would thus dump into great tit nests. Alternatively, laying in
nests of other species could add additional fitness to females
selecting CBP. Whichever the case, facultative IBP should be
a by-product of CBP because, as occurs with ducks, virtually
all facultative interspecific parasites also showed CBP (Lyon
and Eadie 1991), likely because IBP requires more adapta-
tions by the parasite than those required for CBP
(MacWhirter 1989; Rothstein 1990). Unfortunately, we do
not know the CBP rates in our study area as we did not geno-
type all the tits included in our study. However, if clutches
with egg dumping were a consequence of an error in conspe-
cific host identification, one could expect to find not only blue
tit eggs in great tit clutches, but also the opposite if CBP is also
selected in great tits in response to nest-hole shortages. Thus,
it is possible that (i) both facultative IBP and CBP were se-
lected in parallel or (ii) blue and great tits behaved in dissim-
ilar ways.

The scarcity of detailed studies on nest takeovers leading to
mixed clutches makes it difficult to explain the potential rea-
sons behind this behaviour. In their study with wood ducks
(Aix sponsa), Semel and Sherman (2001) suggested that CBP
was the consequence of two females nesting in the same nest-
box, each behaving as if the box was hers. Nevertheless, in our
study with tits, confusion as to the nest owner was not expect-
ed, as females built their nests alone, which can even act as a
sexual trait (e.g. Broggi and Senar 2009; Tomás et al. 2013).
Thus, in the case of sharing a nest-box, rejection of blue tits by

great tits is expected to happen before laying. Our results did
not identify differences in female traits between nest takeovers
and pure clutches, as clutch sizes were similar as were female
ages (and likely body conditions; authors unpublished data),
and no clear advantages were found for great tit chicks reared
in broods after nest takeovers compared to those reared in pure
broods. Thus, it is possible that the main reason for this be-
haviour was simply that great tits outcompeted blue tits for
nest-boxes due to their larger size (Petrassi et al. 1998; Dhondt
and Adriaensen 1999; see also Strubbe and Matthysen 2009),
a behaviour that increased as a response to particular habitat
conditions (i.e. nest-hole shortage).

In most of our mixed-species clutches (both those with egg
dumping and nest takeovers), great tits hatched before the blue
tits (see also Slagsvold 1998), increasing species-related dif-
ferences in size. Because eggs were incubated by contact with
the female’s brood patch, this contact may be less effective for
smaller, blue tit eggs, likely delaying their development or
reducing their hatching rate (Payne 1977). Furthermore, great
tit chicks showed larger fledging rates, probably because they
hatched earlier and were larger (Slagsvold 1998). Larger chick
size is advantageous because tit parents prioritise the feeding
of larger chicks during early development stages (Dickens
et al. 2008; García-Navas et al. 2014b). Thus, when food is
a limiting factor, smaller chicks (i.e. blue tits) are in worse
body condition at fledging or die. The body condition at fledg-
ing is important, as it is positively correlated with post-
fledging survival and recruitment in tits (Tinbergen and
Boerlijst 1990; Lindén et al. 1992; Cramp and Perrins 1993).
Poorer competitive ability compared to their great tit
broodmates could also be the reason behind lower fledging
rate and nest average body condition found in blue tits from
nests with facultative IBP compared to pure broods (Slagsvold
1998). In contrast to our prediction (dumped eggs could result
in more chicks than the owners are able to rear; Petrie and
Møller 1991), egg dumping was not costly for owner great
tit chicks, which show even larger fledging rates than those
reared in pure broods.

The a priori occurrence of incidental mixed-species
clutches provides an opportunity to investigate the evolution-
ary origin of IBP and whether they represent an adaptive strat-
egy (Slagsvold 1998). In general, their apparently low preva-
lence and lack of clear fitness advantages make mixed-species
clutches unlikely to spread in a population (Petrie and Møller
1991). It is clear that nest takeovers were the result of acci-
dents (see above). On the contrary, egg dumping in a nest of a
dominant species seems to be a deliberate behaviour with low
fitness benefits, at least based on our current data, as the mon-
itoring of the recruitment rates is key in the establishment of
the adaptability of this behaviour. These findings may change
if this behaviour provides higher fitness than refraining from
breeding entirely (Lyon and Eadie 2008), modifying its adap-
tive value. Given the three fundamental fitness components
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that influence optimal reproductive investment (current
fecundity, offspring survival and adult survival—and
hence future fecundity; Lyon and Eadie 2008), for a
female blue tit in a forest plot full of great tits with
nests of their own, it may be more advantageous to
dump some eggs in great tit nests than it is to defend
its own nest, which may result in its death at the hands
of a great tit searching for a nest-hole.

Thus, why is egg dumping not more common in tits? Could
nest-hole shortage be a starting point in the evolution of IBP?
Several non-exclusive explanations could account for this.
The first has already been highlighted in this discussion; an
excess of nest-boxes in most studies may decrease nest-hole
competition among females (Vedder et al. 2007). Secondly,
CBP could be selected first in nest-hole shortage conditions as
it requires fewer adaptations than facultative IBP (MacWhirter
1989; Rothstein 1990). As mixed-species clutches appear to
be rare, some authors have suggested that they represent a
weak selective pressure in the evolution of discriminatory be-
haviour (Merilä 1994). Other authors have provided evidence
for the lack of an ‘arms race’ in tits in regards to mixed-species
clutches. Thus, neither blue nor great tits showed systematic
rejection behaviour of artificial foreign eggs (Kempenaers
et al. 1995). This is important because the absence of particu-
lar defences could reflect insufficient costs of parasitism
(Lyon and Eadie 2008). However, it is also possible that the
characteristics of solid plastic eggs made them difficult to
remove as they could not be punctured in the way that natural
eggs can, and females may simply bury them (Kempenaers
et al. 1995). Finally, learning from parents during early devel-
opment may crucially influence future mate-choice decisions
in young birds (ten Cate and Vos 1999). However, it is thought
that sexual imprinting occurs in two stages: an early imprint-
ing stage and a subsequent consolidation (or modification) via
social experience (Oetting et al. 1995; Oetting and Bischof
1996). This is especially important in the case of tits as they
come together in mixed-species flocks outside of the breeding
season, what could modify the initial imprinting of those birds
reared by other species. In their cross-fostering experiments in
tits, Slagsvold et al. (2002) and Slagsvold and Hansen (2001)
found that this manipulation did not reduce local recruitment
of manipulated birds. However, whereas pairing success was
significantly lower for cross-fostered great tits than for great tit
controls, it was similar to controls in blue tits (Slagsvold and
Hansen 2001; Slagsvold et al. 2002). Cross-fostered great tits
did not correctly choose a conspecific mate, whereas most of
the cross-fostered blue tits did (Slagsvold and Hansen 2001;
Slagsvold et al. 2002). Cross-fostered great tits tried to form
pairs with blue tits but usually failed (Slagsvold and Hansen
2001). Great tits reared by blue tits could occasionally mate
with conspecific and reared fledglings, but overall fitness was
lower compared to controls (Slagsvold and Hansen 2001). In
other words, great tits, but not blue tits, underwent

misimprinting, which was not related to breeding variables
(body condition at first reproduction, chick quality)
(Slagsvold et al. 2002). Interestingly, the misimprinting was
lower if chicks were reared together with some conspecifics,
but these birds still did worse than controls (Slagsvold and
Hansen 2001). The differences in social imprinting between
blue and great tits could be related to the higher costs associ-
ated with errors in species recognition in the case of blue tits
when they engage with dominant great tits (Slagsvold et al.
2002). Once early social experiences have been shown to be
stable over an individual’s lifespan, with a permanent influ-
ence on species recognition (Hansen et al. 2008), other costs
for facultative IBP in tits has been shown. For instance, both
cross-fostered blue and great tits became subordinates when
competing for food with unmanipulated birds, even if the
latter were immigrants (Hansen and Slagsvold 2004). Cross-
fostered tits responded much more strongly to simulated
stimuli of the foster species than they did to those of
their own species (Hansen and Slagsvold 2003). Finally,
cross-fostered great tits showed a deficit in mate
guarding, likely mediated by their reduced affinity for
their females (Hansen et al. 2009).

By raising unrelated offspring, owners/usurpers gain no
fitness benefits, but rather waste resources, which should be
allocated to enhance their own lifetime reproductive success
or that of their offspring. There has been little empirical inves-
tigation on this topic (Lyon and Eadie 2008), but some exam-
ples exist. For instance, Hansen and Slagsvold (2004) found
that blue tits reared by blue tit parents but with at least one
great tit broodmate had a lower dominance status than controls
when interacting with conspecifics. This was likely because
the presence of cross-fostered, dominant great tits in these
broods led to more submissive blue tit broodmates. On the
contrary, our results showed no clear fitness costs for great tits
reared by their parents alongside blue tits, although our find-
ings are limited to the fledgling stage.

Finally, we are aware that our small sample sizes for the
success of chicks from broods with egg dumping/nest take-
overs may limit the strength of our results. However, it is
worth noting that these sample sizes were drawn from 1285
natural clutches, and thus, attempts to increase the sample size
would have been very labourious. Experimental designs
(Slagsvold 1998; Slagsvold and Hansen 2001; Slagsvold
et al. 2002), in which egg dumping rates are artificially in-
creased, could be a very interesting complementary approach.
However, non-experimental studies like ours are needed to
determine what occurs in nature. For instance, our results
showed that great tits did not dump eggs in blue tit clutches
(a case study by the abovementioned authors) but directly
usurped the entire nest (Petrassi et al. 1998; Slagsvold and
Hansen 2001). To resemble natural events, future manipula-
tive studies could be based on adding one blue tit egg to great
tit clutches without the removal of owner eggs.
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In sum, the higher the nest-box occupation rate, the greater
the prevalence of mixed-species clutches of any origin. While
the blue tits dumped eggs into great tit clutches, the latter
usurped the entire blue tit nest, mainly late in the breeding
season. These differences in behaviour were likely mediated
by their different dominance status. The differences in size
could also explain why great tit chicks performed better in
mixed-species broods. Our results suggest that nest-hole
shortage could be a starting point for obligate IBP. However,
the current knowledge available suggests toomany constraints
for IBP to evolve in tits.
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