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Abstract
In the field of brood parasitism, it has been traditionally assumed that only the incubating sex rejects parasitic eggs, but this
assumption has been rarely explored despite its important implications for the evolutionary relationship between brood parasites
and hosts. Here, we used information on previous egg-rejection experiments to explore the recognition abilities of both males and
females of Eurasian blackbirds Turdus merula towards experimental eggs with a variable degree of mimicry. We found that both
sexes recognized non-mimetic eggs, supporting the idea that visits to the nest can favor the evolution of rejection abilities. In
contrast, only females recognized mimetic eggs, indicating that although recognition abilities can evolve in both sexes, they are
subsequently refined in females probably due to their more frequent interaction with parasitic eggs. Clutch size affected nest
attendance since females, but not males, spent more time at the nest and visited it more frequently in larger clutches. Finally, our
recordings showed that blackbird males are able not only to recognize, but also to eject parasitic eggs. Our results provide new
insights into the main anti-parasitic defense in birds, egg rejection, and highlight the need of considering the role of the non-
incubating sex in egg-rejection studies.

Significance statement
Given the high costs associated to avian brood parasitism, both sexes are expected to evolve anti-parasitic defenses. However, in
those species in which only females incubate, females have traditionally been assumed to be the responsible for egg rejection.
Here, using the Eurasian blackbird (Turdus merula), we investigated the existence of egg-rejection abilities in non-incubating
males and compared them to those exhibited by females. We found that males can recognize non-mimetic eggs, although their
recognition abilities were less fine-tuned compared to females, who also recognizedmimetic eggs. Even though females were the
responsible for most documented egg-ejection events, recordings confirmed that males could also be involved in egg ejection,
which could have important implication for the evolution of anti-parasitic defenses in host populations.

Keywords Avian brood parasitism . Egg recognition . Egg ejection . Nest attendance

Introduction

Birds exploited by obligate brood parasites usually suffer sig-
nificant fitness costs because parasitic chicks frequently kill or
evict all host’s offspring or they are better competing for food
(Rothstein 1990; Davies 2000). In response, many host spe-
cies have evolved defenses at all stages of the breeding cycle
to reduce or avoid such costs, including active nest defense
(Feeney 2017), rejection of parasitic eggs (Rothstein 1982;
Davies and Brooke 1989; Soler 1990; Moksnes et al. 1991)
and chicks (Grim 2017), or parent reluctance to feed parasitic
fledglings (De Mársico et al. 2012; Soler et al. 2014). Among
these lines of defense, egg rejection is the most effective and
widespread strategy to minimize the fitness costs associated to
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rearing a parasitic chick (Davies 2000). Given the high selec-
tive pressure imposed by brood parasitism, both parents
would be expected to invest in egg rejection. However, despite
the significant advances in the study of the co-evolutionary
relationship between brood parasites and their hosts over the
last three decades, the role played by each sex in egg rejection
remains poorly studied.

Traditionally, females are assumed to be themain responsible
for anti-parasitic defenses towards parasitic eggs as they carry
out egg incubation inmost bird species (e.g., Davies and Brooke
1988; Lotem et al. 1992). This assumption has been confirmed
by experimental studies showing that in those species in which
only females incubate, females were responsible for egg rejec-
tion (Rohwer et al. 1989; Soler et al. 2002; Požgayová et al.
2009). Instead, in host species where both parents incubate, both
males and females have been found to be able to reject parasitic
eggs (Soler et al. 2002; Honza et al. 2007). There is evidence,
however, of egg recognition and rejection bymales even though
they are not involved in incubation, as is the case of northern
orioles Icterus galbula, a host species of the brown-headed cow-
birdMolothrus ater (Sealy andNeudorf 1995). According to the
authors, rejection behavior could also evolve in males even
when they play no role in incubation, but frequently visit the
nest; however, this prediction has not been confirmed in any
other host species (Požgayová et al. 2009).

The question of which sex is responsible for the host re-
sponse against parasitic eggs has important implications for the
evolution of anti-parasitic defenses in host populations. If both
mates rather than only females can respond to parasites, defen-
sive traits are expected to spread faster within the population
(Rothstein 1975a; Sealy and Neudorf 1995). Therefore, the
study of sex roles in the rejection behavior could be crucial
to understand the long-term outcome of the co-evolution be-
tween brood parasites and their hosts. In this study, we explore
the role of non-incubating males in the host response against
parasitic eggs. To do so, we use the Eurasian blackbird Turdus
merula (blackbird hereafter) as model species, a potential but
rarely exploited host species of the common cuckoo Cuculus
canorus whose egg-rejection behavior is well known.
Blackbird females are able to recognize and eject foreign eggs
at high rates (Grim et al. 2011; Samas et al. 2011; Ruiz-Raya
et al. 2015, 2016; Soler et al. 2017). Regarding the sex roles in
the blackbirds’ response towards parasitic eggs, Soler et al.
(2002) found that all ejection events (n = 5) were performed
by females whereas no male approached the nests during the
filming period (n = 9). However, the sample size of their study
was very small, andmost importantly, the existence of different
stages in the egg-rejection process was not considered. Egg
rejection is a complex response involving three different stages
(judgment, decision, and action), so recognition abilities
should not be inferred from ejection rates alone given that it
could exist acceptance decisions (Soler et al. 2012; Ruiz-Raya
and Soler 2017, 2018). Recent studies have experimentally

demonstrated the existence of acceptance decisions in black-
bird females (Ruiz-Raya et al. 2015; Soler et al. 2017), which
highlight the importance of assessing recognition and ejection
abilities of non-incubating males separately. Here, using a
dataset from egg-recognition experiments in which the behav-
ior of both parents was video-monitored, we assessed the rec-
ognition abilities of both blackbird males and females towards
several types of experimental eggs showing a variable degree
of mimicry. We predict that as females are the responsible for
egg incubation in blackbirds, blackbird males will not show
recognition abilities and therefore will not participate in the
host’s response towards parasitic eggs (Soler et al. 2002;
Honza et al. 2007). Alternatively, it could be predicted that
non-incubating blackbird males could show recognition abili-
ties if they frequently visit the nest during egg incubation
(Sealy and Neudorf 1995).

Methods

General field procedure

We combined both unpublished and published data from pre-
vious experiments on the egg-rejection abilities of the com-
mon blackbird carried out in a population located in the Valley
of Lecrín, Southern Spain (Ruiz-Raya et al. 2015, 2016; Soler
et al. 2017). As a general procedure, natural blackbird nests
were artificially parasitized with experimental eggs during the
egg laying (minimum of two eggs laid) or incubation stage
(never after the sixth day of incubation). Previous studies have
found that the day of incubation does not affect the response of
blackbirds towards experimental eggs (e.g., Davies and
Brooke 1989; Polačiková and Grim 2010; Grim et al. 2011;
Ruiz-Raya and Soler 2018). Blackbird nests used in this study
contained two or three eggs. Our dataset includes information
on the parents’ response to four different types of experimen-
tal eggs showing a decreasing degree of mimicry: (1) natural
blackbird eggs, real blackbird eggs collected from deserted
clutches and used to simulate conspecific brood parasitism;
(2) mimetic experimental eggs, real blackbird eggs that were
painted mimetic (to obtain experimental eggs less mimetic
than conspecific eggs); (3) cuckoo-sized non-mimetic eggs,
real house sparrow Passer domesticus eggs collected from
deserted nests (for additional information, see Ruiz-Raya
et al. 2016), whose size is similar to the cuckoo eggs of south-
ern Spain (Martín-Vivaldi et al. 2002); (4) non-mimetic exper-
imental eggs, real blackbird eggs that were painted red. We
used real blackbird eggs painted red based on previous egg-
rejection studies supporting their use as non-mimetic eggs
(e.g., Soler et al. 1999; Avilés et al. 2004; Martín-Vivaldi
et al. 2012). Furthermore, an additional group of non-
parasitized blackbird nests was used as control. Some types
of experimental eggs, specifically mimetic and red-type eggs,
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included eggs that differed in size (small, medium, and large
eggs; for detailed information, see Soler et al. 2017).
However, we did not consider the effect of egg size in egg
recognition since it has been previously proven that egg size
does not affect egg recognition in blackbirds, but exerts its
effect on egg rejection by hindering the ejection itself once
the parasitic egg is recognized (Soler et al. 2017). All nests
were checked every 24 h to determine whether the model egg
was ejected.We consider the experimental egg was accepted if
it remained in an active nest for 5 days. Just after the experi-
mental parasitism, a video camera (Panasonic HDC-SD40)
was placed near the nest (1.5–2.5 m) to film the blackbird
response towards the experimental egg for the following
1.5–2 h. We followed a standardized procedure previously
used to study the incubation behavior of this species
(Ibáñez-Álamo and Soler 2012). When possible, we filmed
the behavior of both males and females. The clear sexual
dimorphism showed by this species was used to differentiate
males and females: blackbird males exhibit black plumage
and a distinctive yellow eye ring, while females are brownish
occasionally exhibiting a lighter mottling on the throat and
chest. From recordings, we extracted information on (i) nest
attendance and (ii) egg recognition (see below for a more
detailed description of variables) from those cases where in-
formation of both male and female was available (63 nests).
Data on the females’ response to experimental eggs were pre-
viously published (see references above). However, informa-
tion regarding nest attendance of adults and the egg-
recognition abilities of blackbird males remain unpublished.
It was not possible to record data blind because our study
involved focal animals in the field.

Variables and statistical analysis

Sex differences in nest attendance were analyzed using two
different variables: (i) number of visits to the nest per hour and
(ii) time spent by blackbirds at the nest per hour. We used the
lme4 R package (Bates et al. 2015) to perform generalized
linear mixed models (GLMM) with gamma error and
inverse-link function including nest identity as a random fac-
tor (to control for the non-independence of parents belonging
to the same nest) and the following fixed factors: type of
parasitic egg, sex, their interaction, clutch size (two or three
blackbird eggs), and its interaction with sex. Egg-recognition
abilities of parents were assessed according to egg-touching
behavior (i.e., number of times that individuals touched the
eggs with its bill during the first visit) (Ruiz-Raya et al. 2015,
2016; Soler et al. 2017). Egg-pecking or egg-touching behav-
ior is considered reliable proxies for egg recognition (Soler
et al. 2002, 2012; Underwood and Sealy 2006; Antonov
et al. 2008, 2009), even when acceptance decisions occurs
(Ruiz-Raya et al. 2015; Soler et al. 2017). The relationship
between egg touches and egg recognition is based on two

main pieces of evidences: first, egg touches occur more fre-
quently in experimentally parasitized nests, and most impor-
tantly, egg touches are more frequent in clutches parasitized
with non-mimetic eggs than those containing mimetic eggs
(Soler et al. 2017). Egg-recognition abilities of males and
females were analyzed separately because wemainly intended
to assess the egg-touching behavior of each sex regarding the
different types of experimental eggs, as well as control nests.
Thus, we did not include sex in the egg-recognition models
since it makes them more complex and provides little infor-
mation about recognition abilities of each sex. We performed
negative binomial generalized linear models (GLM) including
the type of parasitic egg and clutch size as predictors. All
analyses and graphics were performed using R version 3.4.0
(R Core Team 2017).

Data availability The datasets used in the current study are
available upon request to the corresponding author.

Results

Blackbird males visited 24.3% of all nests (N = 263), checking
inside and occasionally feeding the female during incubation.
As expected, in those nests in which the behavior of both
sexes was recorded (N = 63), blackbird females visited more
frequently (χ2 = 6.47; p = 0.01) and spent more time in the
nest than males (χ2 = 23.25; p < 0.001). Clutch size partially
affected nest attendance as blackbird females, but not males,
visited more frequently (χ2 = 5.49; p = 0.02) and spent more
time (χ2 = 9.07; p < 0.01) at those nests containing a higher
number of eggs (Fig. 1). Egg mimicry did not affect nest
attendance (all cases p > 0.19).

Egg mimicry significantly affected egg recognition in both
males (χ2 = 40.94; p < 0.0001) and females (χ2 = 23.80;
p < 0.0001). Both sexes recognized non-mimetic eggs (cuck-
oo-type and red-type eggs; Table 1; Fig. 2); however, unlike
females, blackbird males did not recognize mimetic eggs
(Table 1; Fig. 2). Natural blackbird eggs were not recognized
by either males or females (Table 1; Fig. 2). Clutch size did not
affect recognition neither in males nor in females (both cases
p > 0.70).

We filmed one case in which a blackbird male ejected a
non-mimetic egg (red type) by grasping it with its bill (see
Video 1 in ESM). We filmed a total of 43 ejection events
(41.2% of egg ejections;N = 102), of which 2.3%were carried
out by males and 97.7% by females.

Discussion

In this study, we investigated the existence of sex differences
in the egg-rejection behavior in blackbirds to shed light on the
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relationship between egg incubation and the evolution of anti-
parasitic defenses. We found that blackbird males do recog-
nize parasitic eggs even though they are not actively involved
in egg incubation, which contradicts the general hypothesis
stating that incubation is a prerequisite for the evolution of
the egg-rejection behavior (Davies and Brooke 1988; Lotem
et al. 1992; Soler et al. 2002). Instead, our results show that in
single-sex incubator species, non-incubating individuals
(males) can also evolve recognition abilities, which supports
the hypothesis that visits to the nests could favor the evolution
of anti-parasitic host responses during the egg stage (Sealy
and Neudorf 1995). During the egg stage, parental care of
blackbirds relies mainly on females, who visited the nest more

frequently and stayed at it for longer than males (Fig. 1).
However, despite this preponderant role of females, our re-
cordings showed that blackbird males occasionally visited
and inspected the clutch too. Male visits to the nest during
the incubation stage have been previously described in black-
birds (Ibáñez-Álamo and Soler 2012). On the other hand, we
found that females increased their nest visits and attendance in
nests with larger clutches (Fig. 1), which could be related to
higher incubation requirements of larger clutches (Moreno
and Carlson 1989; Dobbs et al. 2006). Previous studies have
shown that in other single-sex incubator species such as swal-
lows Hirundo rustica, females increased their percentage of
time spent incubating in response to artificially enlarged
clutches (Jones 1987).

Both egg-recognition and egg-ejection abilities of black-
bird females have been well documented in previous studies
that used egg-touching behavior as a proxy of egg recognition
(Ruiz-Raya et al. 2015, 2016; Roncalli 2017; Soler et al.
2017). Nevertheless, little is known on the recognition abili-
ties of non-incubating males. Blackbird males touched more
frequently non-mimetic eggs (i.e., cuckoo and red experimen-
tal eggs) than mimetic ones (Fig. 2), which suggest that egg-
touching behavior is a good proxy of egg-recognition abilities
also in non-incubating males (see BMethods^; Soler et al.
2017). Males were able to recognize non-mimetic parasitic
eggs but, unlike blackbird females, they did not recognize
mimetic experimental eggs. These results show that recogni-
tion abilities are less fine-tuned in blackbird males compared
to those in females (Fig. 2). From an overall perspective, the
most likely explanation for the better egg-recognition abilities
shown by females is that the evolution of fine-tuned recogni-
tion abilities could be restricted in males because they have
fewer opportunities than females to inspect the clutch and thus
learn the appearance of their own eggs. This argument as-
sumes that both sexes rely on learning mechanisms for egg
recognition, which seems to be the most widespread egg-
recognition mechanism among the cuckoo’s hosts (Rothstein
1974, 1975b; Lotem et al. 1995; Lahti and Lahti 2002; Lyon
2007; Lang et al. 2014). Furthermore, the evolution of
learning-based mechanisms for egg recognition could be lim-
ited in blackbird males as they usually mate with multiple
females throughout their life. Given that learning mechanisms
could be disadvantageous in some situations (Lotem 1993;
Liang et al. 2012), males of some host species could rely on
discordance mechanisms, thus avoiding the potential costs
linked to learning mechanisms for egg recognition (Liang
et al. 2012). As far as we know, little is known about sex
differences in current host species in terms of cognitive deci-
sion rules for egg rejection. Finally, our results support that
blackbirds mainly rely on visual cues, instead of tactile cues
(e.g., the coating of painted eggs), for egg recognition (Ruiz-
Raya et al. 2015), as it happens in most open-nesting hosts
(Langmore et al. 2005).

Fig. 1 a Number of visits to the nest per hour and b percentage of time
spent by the blackbirds at the nest regarding the clutch size. Box plots
show the median (black line), the mean (white box), and 25th and 75th
percentiles (colored boxes), with whiskers denoting the 5th and 95th
percentiles. Black points indicate outliers
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Even though blackbird males can recognize experimental
non-mimetic eggs added to their nests, the evolution of anti-
parasitic defenses in males would require that they are involved
in egg ejection, thus imposing selection pressures on brood
parasites. In our study, most of the filmed ejections were carried
out by females, although a small percentage (2.3%) were ac-
complished by males (see Video 1 in ESM). Our information
about the sex responsible for egg ejection is restricted to 2 h
after the experimental parasitism, but these results suggest that
blackbird males are able to eject experimental eggs and could
therefore be responsible for some egg-ejection events not
filmed (58.2% of ejection events were not filmed; N = 102).
Even so, in those cases when ejection events were filmed,
egg ejection by males was rare when compared to that by
females, which could have different non-mutually exclusive

explanations. One possibility would be that as females visit
the nest more frequently than males do and they show more
fine-tuned recognition abilities, they have more opportunities
to reject the parasitic egg, which therefore decreases the prob-
ability of ejection bymales. On the other hand, in those cases in
which males arrive at the nest before females do, the less pre-
cise recognition abilities shown by males could lead to a delay
in their ejection decisions, which would facilitate the ejection
being carried out by the female. This delay in the ejection
decision would also make difficult for the ejection event to take
place within the filming period and to be documented.
Although our results show that non-incubating blackbird males
have the cognitive abilities necessary to recognize non-mimetic
eggs and are able to eject foreign eggs added to their nests,
more information is needed to clarify the role of non-
incubating males in egg ejection and therefore in the evolution
of anti-parasitic defenses. Even though birds do not usually
remove intact eggs from their nests (Guigueno and Sealy
2012), egg ejection by males might be thought to occur as part
of nest sanitation tasks. However, in that case, they would be
expected to participate more actively in removing such clearly
odd object from their nests, especially considering that black-
bird males significantly contribute to nest sanitation during
incubation and nestling stage (Ibáñez-Álamo et al. 2013). The
most likely explanation is therefore that egg ejection by black-
bird males reflects a specific response towards parasitic eggs.

The evolution of egg-rejection abilities in non-incubating
males is intriguing and probably requires very strong selective
pressures, with a long duration of sympatry with the brood
parasite. But were blackbirds so heavily exploited by interspe-
cific brood parasites in the past? Egg-recognition abilities ex-
hibited by some potential host species which are currently not
exploited by interspecific brood parasites, as is the case of the
common blackbird, have been proposed to be the result of past
parasitism by an interspecific brood parasite (Soler 2014a;
Ruiz-Raya et al. 2016). Alternatively, conspecific brood par-
asitism has also been proposed as an explanation for the evo-
lution of egg-recognition abilities in this species (Samas et al.
2014; but see Soler 2014b). However, two pieces of evidence
support the interspecific-origin hypothesis: first, our results

Table 1 Summary of GLMs for
the effect of egg mimicry on
recognition touches in both males
and females. Significant values
are set in italics

Female Male

Estimate SE z p Estimate SE z p

Intercept − 2.341 1.122 − 2.087 0.037 − 1.355 0.705 − 1.921 0.055

Blackbird egg 2.099 1.167 1.806 0.071 0.124 0.838 0.148 0.882

Mimetic egg 3.334 1.154 2.891 0.004 0.865 0.799 1.082 0.279

Cuckoo-type egg 3.659 1.135 3.225 0.001 2.363 0.695 3.399 < 0.001

Red-type egg 3.461 1.113 3.109 0.002 2.544 0.671 3.792 < 0.001

Clutch size (3) − 0.171 0.456 − 0.376 0.707 − 0.041 0.398 − 0.102 0.919

R2 0.297 0.407

Fig. 2 Number of touches to the eggs by both males and females in
relation to the degree of mimicry of the parasitic egg. Different letters
indicate significant differences at p < 0.05. Sample sizes for each
treatment are shown next to each value. Values are presented as means
± SE
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showing the ability of blackbird males to recognize non-
mimetic but not mimetic eggs, and second, that neither males
nor females were able to recognize natural blackbird eggs (i.e.,
conspecific eggs), which would be expected if the recognition
abilities were the result of parasitism by conspecifics (Liang
et al. 2016; Ruiz-Raya et al. 2016). Certain ecological factors
linked to the biology of blackbirds, such as their main habitat
or the characteristics of their nests, could have facilitated
cuckoos to parasite blackbirds in the past. If we assume that
the habitats preferred by cuckoos are open forests where cat-
erpillars are abundant and that species nesting in this habitat
and with conspicuous nests would be preferentially exploited
(Soler 2014a), it seems fair to conclude that blackbirds, or
their ancestors, were likely heavily parasitized in the past.
Non-incubating males of current host species, such as males
of the great reed warbler Acrocephalus arundinaceus, have
been found to play a crucial role in cuckoo mobbing and nest
defense (Požgayová et al. 2009). In this context, an intense
brood parasitism in the past would have selected for blackbird
males actively participating in nest defense against parasites,
and this relationship of males with brood parasites, together
with the visits of males to the nest, could have facilitated the
initiation of the evolution of egg recognition in males.

To sum up, we found support for the hypothesis that non-
incubating males that occasionally visit the nest can evolve
egg-recognition abilities, so they could be involved in the host
response against parasitic eggs. Our results also reinforce the
importance of studying egg-recognition and egg-rejection
abilities separately so that the former are not underestimated
(Soler et al. 2012; Ruiz-Raya et al. 2015). Egg-recognition
abilities in non-incubating males entail important conse-
quences for the evolution of anti-parasitic responses within
host populations, so additional studies addressing the sex role
on anti-parasitic host defenses are required to advance in our
understanding on avian brood parasitism.
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