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Abstract
In many bird species, physical aggression between males become more frequent during the female’s fertile period, as female 
encounters with extra-pair males are more frequent and can entail paternity losses. Male aggressiveness during this stage has 
been proposed as crucial for ensuring male reproductive success. Thus, plumage ornaments could represent honest signals 
of individual quality that could reflect the aggressiveness of paired territorial males. Furthermore, male aggressiveness 
could be related to mate quality or defensive capacity. We quantified extra-pair paternity in the broods and investigated the 
association of male and female traits with the aggressive behaviour of territorial paired males in a Spanish population of Pied 
Flycatchers (Ficedula hypoleuca), where territorial intrusions were simulated during the female fertile period by placing a 
taxidermic male mount close to the nest. We predicted that (1) more aggressive males should better protect their mates from 
intruding males and thereby reduce their paternity losses, (2) males with larger white patches and higher UV reflectance of 
wing patches should respond more strongly to intrusions, and (3) that males should be more aggressive when mated with 
higher quality females. We found evidence that males that responded less intensely to a territorial intrusion suffered a higher 
paternity loss, which offers strong support to the basic tenet of the theory of territoriality as paternity defence. Moreover, both 
the level of male aggressiveness and control of the territory increased with male UV reflectance of wing patches. Finally, we 
found, contrary to our prediction, that males were less aggressive when mated with more ornamented females.

Keywords  Territory defence · Male–male competition · Paternity protection · Mate guarding · Individual quality · UV 
reflectance

Zusammenfassung
Männliche Aggressivität während der weiblichen fertilen Phase in Relation zu Fremdvaterschaften, 
Gefiederornamenten und Merkmalen der Weibchen
Bei vielen Vogelarten nimmt die Häufigkeit physischer Aggression zwischen Männchen während der fertilen Phase der 
Weibchen zu, wenn Zusammentreffen der Weibchen mit fremden Männchen häufiger sind und zu Vaterschaftsverlusten 
führen können. Die Aggressivität der Männchen in diesem Stadium gilt als entscheidend für die Sicherung ihres 
Fortpflanzungserfolgs. Somit könnten Gefiederornamente ehrliche Signale individueller Qualität darstellen, welche die 
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Aggressivität verpaarter Reviermännchen widerspiegeln. Außerdem könnte die männliche Aggressivität in Verbindung mit 
der Qualität der Partnerin oder den Verteidigungsfähigkeiten stehen. An einer spanischen Population von Trauerschnäppern 
Ficedula hypoleuca bestimmten wir den Anteil von Fremdvaterschaften an den Bruten und untersuchten den Zusammenhang 
männlicher und weiblicher Merkmale mit dem Aggressionsverhalten verpaarter Reviermännchen, indem wir während der 
fertilen Phase der Weibchen durch Platzieren eines präparierten Trauerschnäppermännchens in Nestnähe eine Übertretung 
der Reviergrenze simulierten. Wir sagten vorher, dass: 1) aggressivere Männchen ihre Partnerinnen besser vor Eindringlingen 
beschützen und so ihre Vaterschaftsverluste reduzieren; 2) Männchen mit größeren weißen Flecken und stärkerer 
UV-Reflexion der Flügelfelder stärker auf Eindringlinge reagieren und dass 3) mit Weibchen höherer Qualität verpaarte 
Männchen aggressiver sind. Wir fanden Belege dafür, dass Männchen, welche schwächer auf eine Überschreitung der 
Reviergrenze reagierten, höhere Vaterschaftsverluste zu tragen hatten, was eine klare Bestätigung der Grundsatzthese ist, 
dass Territorialität der Vaterschaftsverteidigung dient. Außerdem nahmen sowohl die männliche Aggressivität als auch die 
Kontrolle über das Revier in Abhängigkeit von der UV-Reflexion der Flügelfelder bei den Männchen zu. Zu guter Letzt stellte 
sich entgegen unserer Erwartungen heraus, dass Männchen weniger aggressiv waren, wenn sie mit stärker ornamentierten 
Weibchen verpaart waren.

Introduction

Male territorial aggression is considered an adaptive 
response to competitors as it improves access to food 
resources, breeding territory and/or mates (Brown 1964, 
1969). Male aggressiveness during their mates’ fertile period 
has been proposed as crucial for ensuring male reproductive 
success. It is predominantly during this period that physi-
cal aggressions between males become more frequent in 
many species (Birkhead and Møller 1992). This is because 
engaging in extra-pair copulations (EPCs) has an evident 
benefit for males, as extra‐pair paternity (EPP) provides a 
way to increase reproductive success without the costs of 
care (Nakagawa et al. 2015). Thus, female encounters with 
extra-pair males during the fertile period represent the most 
frequently observed extra-pair events in birds (Westneat and 
Stewart 2003). Social males have therefore evolved behav-
iours through which they minimize the risks of cuckoldry 
and protect their paternity, like mate guarding or territory 
defence (Griffith et al. 2002; Møller and Birkhead 1991). 
Through these behaviours, the social male tries to interfere 
with EPC attempts by intruding males (Birkhead and Møller 
1992; Westneat 1994). Therefore, mate guarding and male 
aggressive behaviours are often most intense during the 
female’s fertile period (Birkhead and Møller 1992). While 
aggressive behaviours during this phase seem to involve 
costs like increased energy expenditure, reduced feeding 
opportunities and high risk of predation and physical injury 
(Birkhead and Møller 1992; Komdeur 2001; Low 2006; 
Wingfield et al. 1990, 2001), they also provide crucial ben-
efits in terms of paternity protection (Møller and Birkhead 
1991). Consequently, the most aggressive and territorial 
males should receive the greatest benefits. Thus, males that 
experience a greater loss of paternity might not be effective 
in protecting their partner from the approach of intruding 
males (Low 2005).

Males of many bird species present different traits that 
determine success in intrasexual competition, such as large 
body size, weaponry (bills, talons), and several showy 
ornaments and sexual signals used in aggressive displays 
(Andersson 1994; Darwin 1871). The conspicuousness of 
some male traits represents honest signals of individual 
quality and competitive abilities that can help to solve a 
conflict without costly fighting (Plaza et al. 2018; Rohwer 
and Ewald 1981). Thus, signalling individuals could avoid 
costly aggressive interactions with high-quality oppo-
nents and reduce the risk of being injured during agonistic 
encounters that may reduce survival and limit parental care 
(Wingfield et al. 1990, 2001). Although carotenoid-based 
plumage and tegumental ornamentation are largely studied 
as honest signals used in intra- and inter-sexual interactions 
(reviewed in Hill 1999; Griffith et al. 2006), melanin-based 
plumage ornaments are more involved in male–male com-
petition as signals of male dominance, territoriality and/
or fighting abilities (Jawor and Breitwisch 2003; reviewed 
in Senar 1999). In addition, recent studies of variation in 
unpigmented feather patches suggest a signalling function in 
social interactions for white plumage and its UV colouration 
that could be used during the breeding and non-breeding 
seasons (Cantarero et al. 2017; Morales et al. 2014).

In several species of birds, females develop secondary 
sexual characteristics comparable to those of males, includ-
ing plumage ornaments (Amundsen 2000; Andersson 1994). 
Therefore, it is plausible that a female can honestly report its 
quality to its mate through plumage traits exactly in the same 
way as males. Thus, males may be more prone to defend 
their territory and paternity when paired with high-quality 
females as evidenced by dominance signals. On the other 
hand, dominant or strong females may be more capable 
of defending themselves from unwanted suitors (Moreno 
et al. 2014) and require less protection from their mates 
in a context of conflict between the reproductive interests 
of females and extra-pair males (Arnqvist and Kirkpatrick 
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2005; Westneat and Stewart 2003). In both scenarios, both 
behavioural and morphological traits of the female could 
influence the level of male aggressiveness during the fertile 
phase.

Here, we studied male territorial aggression during the 
fertile phase of mates in a Spanish population of the Pied 
flycatcher (Ficedula hypoleuca), a small hole-nesting migra-
tory passerine which shows a moderate level of EPP (Plaza 
et al. 2019a, b), making this species a good model to study 
the evolution of male mate guarding. Male and female Pied 
Flycatchers differ in the expression of melanin-based dorsal 
plumage (Lundberg and Alatalo 1992), with males show-
ing a highly contrasting black and white plumage and a 
white forehead patch in contrast with the duller brown and 
white colour of the females (Lehtonen et al. 2009a). Both 
sexes have conspicuous white wing patches characterized 
by different levels of UV reflectance (Lundberg and Ala-
talo 1992). Males with larger white forehead patches are 
more likely to win aggressive encounters in disputes for 
nest boxes (Järvistö et al. 2013; Silverin 1998). Therefore, 
more ornamented males should have more capacity to ensure 
paternity, whereas less dominant males should consequently 
suffer increased levels of EPP (Low 2005). Indeed, a previ-
ous study has found that males that were less aggressive 
during playback territorial intrusion tests performed dur-
ing the female fertile period suffered a higher paternity loss 
(Moreno et al. 2010), whereas less ornamented males were 
less aggressive towards intruders (Moreno et al. 2010, 2015). 
However, no study has investigated the association of UV 
reflectance of white wing patches with male territoriality. In 
a Finnish Pied Flycatcher population, the contrast between 
UV colouration of white wing patches and its background 
has been correlated with mate choice (Sirkiä and Laaksonen 
2009), and the proportional UV reflectance of dark feathers 
is higher in early arriving males than in those arriving later 
(Siitari and Huhta 2002). Therefore, the UV component of 
male colouration may signal individual quality and be asso-
ciated with mate guarding and nest defence in this species. 
In addition, as with incubation feeding, even the level of 
aggressiveness may be influenced by the mate’s phenotypic 
characteristics (Kötél et al. 2016). In this species, females 
with larger wing patches and higher UV reflectance breed 
earlier and have higher testosterone levels during incubation 
(Cantarero et al. 2017, 2015; Morales et al. 2007; Moreno 
et al. 2014). It has also been demonstrated that the white 
forehead patch is involved in female–female aggressive inter-
actions and as badge of oxidative status (Morales et al. 2014; 
Moreno et al. 2013). Therefore, female ornaments could also 
be a signal of individual condition, and males may be more 
aggressive towards intruders when paired with high-quality 
females, thereby reducing the probability of EPP.

We simulated territorial intrusions during the female fer-
tile period by placing a stuffed Pied Flycatcher male close to 

the nest to explore the association between male and female 
ornaments and the aggressive behaviour of the males. We 
assumed that the male that protected the female from intrud-
ing males during her fertile period through aggression at 
her nest box is the same individual that subsequently bred 
with that female in that same nest box. We also analysed 
the paternity of the territorial pairs’ brood. We developed 
several predictions that represent possible scenarios of how 
male aggressiveness during the female fertile phase is related 
to extra-pair paternity, plumage ornaments and female traits. 
In particular, we predicted that in a context of EPP where 
the ability of the male to defend its territory could play an 
important role as a paternity guard, (1) more aggressive 
males should better protect their mates from intruding males 
and thereby suffer a lower incidence of EPP. In addition, 
if plumage signals honestly signal male competitive ability 
(Andersson 1994; Zahavi 1975), (2) more ornamented males 
(larger white patches and with higher UV reflectance) should 
respond more strongly to another male’s intrusion. Finally, 
if female plumage ornaments are also signals of individual 
quality, (3) males should be more aggressive when mated 
with higher quality females.

Material and methods

General field methods

The study was conducted during the breeding season of 
2015 in a montane forest of Pyrenean oak Quercus pyrena-
ica, situated at 1200 m above sea level, near the village of 
Valsaín, Central Spain (40° 54ʹ N, 4° 01ʹ W). In this study 
area, where passerine birds breeding in nest boxes have 
been studied since 1991 (see Sanz et al. (2003) for general 
description), 300 nest boxes (see Lambrechts et al. (2010) 
for structural characteristics and placement of nest boxes) 
are routinely monitored during the Pied Flycatcher breed-
ing season, lasting from the arrival of the first male in the 
area to the fledging of the last chicks (approximately from 
the middle of April to early July). Nest boxes were checked 
every 4 days to monitor the nest construction status for each 
breeding pair and, afterwards, the laying date was recorded 
by checking the nests occupied by Pied Flycatchers every 
3 days. In addition to clutch size, also hatching dates and 
brood sizes at hatching and fledging were determined.

Simulated territorial intrusion tests and video 
recording

The aggressiveness tests were performed by simulating terri-
torial intrusions by other males on the days after the nest was 
fully constructed, a period which overlaps in time with the 
fertile period (Birkhead et al. 1997). For this, we used two 
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stuffed Pied Flycatcher males, one of which was randomly 
assigned to each nest prior to the test and placed inside a 
cage prebuilt with a metal structure and covered with a net 
to prevent damage to the decoy by the focal male (Fig. 1). 
The cage was placed hanging from a branch attached to a 
metal hook at an approximate distance of 0.5 m from the 
nest. Stuffed males used in this experiment were individuals 
belonging to the same population that were found dead in 
previous years and that were preserved at − 20 °C prior to 
preparation. The aggressive responses towards the stuffed 
males (see below) were similar regardless of the decoy used 
(all p values > 0.133). Each experimental system (n = 64), 
which includes the nest box, the decoy and their surrounding 
area, was filmed for 30 min (mean ± SE = 33.33 ± 3.14 min) 
with digital video cameras (Sony Dcr-sr190, with an extra 
battery Sony np-fh100) placed 50 m away from the nest box 
tree and recording an area of approximately 3 m around the 
nest box. The recording was activated immediately after the 
experimental cage was placed and all the videos were filmed 
between 8.00 and 11.00 am.

Capture and sampling

All adults (n = 125) were captured in their nest boxes with 
traps while feeding 7-day-old nestlings. Traps were active 
for no more than 1 h to minimize disturbance. They are 
metal flaps that close the nest entrance when activated by 
a visiting bird. Once the individual had been captured, it 
was identified by its ring, or ringed if necessary, and the 
wings were positioned in their extended positions to take 
digital photographs of the white wing patches. At the same 
time, a digital photograph of the white forehead patch was 
also taken. In addition, the percentage of black feathers on 

the head and mantle of males was recorded. This trait was 
scored as “blackness” on a 0–100 scale with 10% interval 
scores (Moreno et al. 2010, 2015). The tarsus length, the 
wing length and the body mass were also recorded. For all 
these procedures, the same methodologies used in previous 
studies carried out on the same Iberian population of Pied 
Flycatcher were applied (Cantarero et al. 2015; Moreno et al. 
2010, 2015; Plaza et al. 2019a, b).

The exact age was known for individuals that were ringed 
as nestlings in the study area. Males were classified accord-
ing to Jenni and Winkler (1994) and Svensson (1984) as 
first-year birds or older from the colour of primaries and 
primary coverts (brown in 1-year birds). Immigrant birds at 
first capture were assigned a minimum age of 2 years (Potti 
and Montalvo 1991). Once they have bred in our nest boxes, 
surviving males and females return each spring to attempt 
breeding.

Moreover, following Lehtonen et al. (2009b), the central 
tertial feather from the centre of the white patch of each 
wing was collected from each individual to subsequently 
measure the UV reflectance (see below). We chose to meas-
ure the UV reflectance of the white part, as the achromatic 
feathers typically show a relatively higher UV reflectance 
than the pigmented ones (Eaton and Lanyon 2003). Finally, 
a small blood sample from the brachial vein was collected 
for each adult individual and stored on Flinders Technol-
ogy Associates reagent loaded cards (Whatman Bioscience, 
Florham Park, NJ, USA) for subsequent paternity analyses.

All chicks were ringed when they were 13  days old 
(hatching day = day 1). Tarsus length, wing length and body 
mass were measured using the same procedure described 
for adults. In addition, a small blood sample from the bra-
chial vein was similarly collected for paternity analyses. All 
carcasses and abandoned eggs with an embryo inside found 
in nest boxes during routine monitoring were collected and 
frozen on the same day for subsequent tissue extraction and 
paternity testing.

UV reflectance

The protocol used by Lehtonen et al. (2009a) was taken 
as a reference to obtain the UV reflectance data in males 
(n = 55) and females (n = 58). This protocol provides for the 
measurement of reflectance in the UV portion of the spec-
trum by calculating UV chroma as the reflectance in the 
UV range divided by total reflectance in the avian visual 
range (R320–400 nm/R320–700 nm). A spectrophotometer under 
standardized laboratory conditions was used to obtain the 
UV measurements on the white area of the central tertial 
feather of each wing, using a white standard as control. To 
avoid background interference during the process, the feath-
ers were placed on a low-reflectance black cloth. The meas-
urement was carried out at three different points of the white 

Fig. 1   Picture of the cage containing the stuffed male placed near the 
nest box during a social male’s attack
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part of the feathers in all males and females. UV reflectance 
values of the left and right wing were significantly corre-
lated in both males (r = 0.36, p value = 0.006) and females 
(r = 0.41, p value < 0.001); therefore, for each individual, the 
average between these two values was considered.

Photo analysis

Digital photographs were analysed with Adobe Photoshop 
CS5 v.11.0 to estimate the sizes of white patches (zoom 
of 400% and paintbrush of 17 pixels, with 100% hard-
ness and 25% spacing; Sirkiä et al., 2015). The values of 
white patches areas were given in square centimetres, and 
the distance of 1 mm on the ruler was used to calibrate the 
measurement.

Genetic analyses

We collected samples from 64 broods at 13 days of age and 
their two attending mates (125 adults, 304 nestlings). EPP 
analyses were performed following the protocol used in 
Plaza et al. (2019a) and, for each nest, two variables were 
calculated from the paternity analysis: presence/absence of 
EPP (indicated by 1 and 0, respectively) and the proportion 
of EPP (proportion of the brood fathered by males other than 
the attending male).

Behavioural data analysis

All recordings (n = 64) were viewed with VLC Media Player 
software always by the same observer (MB). As a measure 
of male territoriality, “latency” was defined as the time in 
seconds that passed from the beginning of the video to the 
moment when the individual appeared. In the case of an 
individual that never appeared during the video, latency was 
expressed as a missing value. In cases where an individual 
was already present at the beginning of the video, latency 
was expressed as 0 s. Since Pied Flycatcher males show no 
territorial behaviour before finding a suitable breeding site 
(von Haartman 1955), we consider the latency measure-
ment as an important individual feature of territoriality in 
the context of paternity protection. Data that were collected 
subsequently can be categorized within the group of aggres-
siveness variables.

We first analysed “attack rate”, which consists on the 
total number of times an individual tried to make physical 
contact with the decoy per minute, with each attempt being 
considered as an attack. For example, we considered one 
attack when the social male arrived at the cage contain-
ing the stuffed male, and a second attack when the social 
male moved away from the cage (more than a distance 
equivalent to the width of the cage) and then returned to 
it. We also calculated “peck rate” as the total number of 

times an individual directed a peck against the decoy per 
minute. An attack could involve one or more pecks or even 
no pecks at all and a peck was always acknowledged as 
an attack.

Finally, we considered “distance equivalent” as a prox-
imity variable representing the percentage of film time that 
the individual spent at a distance equivalent to the width of 
the cage or less from the stuffed male. To understand the 
real distance of the individual from the decoy, the width 
of the cage (15 cm) that contained the stuffed male was 
considered as a reference. All the described variables were 
collected for both males and females.

Statistical analyses

All the analyses were performed using R software (ver-
sion 3.6.3, R Foundation for Statistical Computing). Three 
nests were excluded from statistical analyses because the 
presence of the male during the aggression test was not 
recorded. For each generalized linear model (GLM, func-
tion “glm()”) analysed, a final model was also obtained 
from the full model with a backward deletion procedure, 
consisting of removals of variables one by one from the 
full model when the variance explained did not signifi-
cantly improve the model (α = 0.05).

Extra‑pair paternity and aggressiveness

To test if the frequency of EPP could be influenced by the 
aggressiveness of the focal male, we constructed a GLM in 
which the proportion of EPP was represented as depend-
ent variable, and attack rate, peck rate, distance equivalent 
and male latency as independent variables. In addition, we 
also included the difference between laying date and video 
recording date as independent variable to test how the level 
of male aggressiveness is affected by female fertility. Before 
running the model, we also checked whether among all the 
independent variables included in the model there could 
be a collinearity effect. A Pearson correlation was used for 
those variables that were normally distributed, while for 
those variables that did not follow a normal distribution, 
either a transformation was applied to achieve normality, or 
the collinearity check was performed using an appropriate 
univariate model. The collinearity check returned a signifi-
cant positive correlation between attack rate and peck rate 
(B = 0.251, p < 0.001, n = 61). Therefore, residuals were cal-
culated correcting attack rate for peck rate and were incorpo-
rated into the model as a new variable called "male physical 
aggression". In this model, following the procedure used in 
Plaza et al. (2019b), a quasi-binomial distribution was used.
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Male and female ornamental traits and aggressiveness

To understand how the level of male aggressiveness is 
associated with male ornamental traits, three GLMs were 
run with attack rate, peck rate, and distance equivalent 
as dependent variables (one dependent variable for each 
model), and male plumage traits, male age and the differ-
ence between laying date and video date as independent vari-
ables. As with previous model, we performed a collinearity 
test among all independent variables prior to running mod-
els, but in this case, no significant relationships were found 
between the independent variables (all p values > 0.05). 
Hence, following Freckleton (2011), all variables were 
included in the full models.

Before running the models, Shapiro–Wilk tests were per-
formed to verify the normality of the distribution of depend-
ent variables. As all p values were significant (p < 0.001, 
n = 61), Poisson distributions were used for the attack rate 
and peck rate models. Preliminary results of these two mod-
els showed, however, the presence of overdispersion, and 
this was also confirmed by the calculation of a dispersion 
parameter (φ) estimated using Pearson’s Chi-squared sta-
tistic and the degrees of freedom (all values of φ > 46.4). 
Therefore, to obtain statistically more accurate results from 
the models and to adjust for overdispersion, quasi-Poisson 
distributions were used. On the other hand, the Statgraphics 
software (Version 19.3.03) was used to understand the distri-
bution that best approached the real distribution of the vari-
able “distance equivalent”. After a comparison test of alter-
native distributions, an exponential distribution was used for 
distance equivalent model (log-likelihood score = − 142.37).

The same three GLMs were used to analyse the relation-
ship between male aggressiveness and female ornamental 
traits, because the level of aggressiveness of the male could 
be influenced by the ornaments of its mate. We used the 
same dependent variables and female plumage traits, female 
age, and the difference between laying date and video date 
as independent variables. Again, the collinearity test showed 
no significant relationships that could distort the results (all 

p values > 0.05), so all independent variables were retained 
in the model (Freckleton 2011). A quasi-Poisson distribution 
was used for the attack rate and peck rate models (all values 
of φ > 29.4), while an exponential distribution was used for 
distance equivalent model (log-likelihood score = − 142.37).

To test if there is a relationship between male traits and 
the intensity with which a male defends its territory, a GLM 
with the same independent variables included in the previous 
models was performed, but with male latency as dependent 
variable. Female latency was included as an independent 
variable because during the fertile phase females could affect 
male mate guarding activity, as during this phase male ter-
ritoriality may be more directed towards the female than 
towards the nest. A similar GLM was also run with female 
traits to see if these characteristics can influence in some way 
male territoriality. In both models, it was necessary to use an 
exponential distribution (log-likelihood score = − 437.87).

Results

Extra‑pair paternity and aggressiveness

The presence of EPP was found in 21 of 61 broods (34.42%): 
the paternity tests found 72 of 288 chicks (25.00%) as extra-
pair young. EPP nests contained an average of 3.42 ± 1.74 
extra-pair young (range 1–6) and 47.62% of these involved 
one extra-pair male, while 52.38% involved two extra-pair 
males. The proportion of EPP decreased with an increased 
male physical aggression (Table 1; Fig. 2; effect size = 44%).

Male ornamental traits and aggressiveness

There were no significant associations between male attack 
rate or peck rate and male ornamental traits (attack rate: 
all p values > 0.293, n = 54; peck rate: all p values > 0.375, 
n = 54), but we found that the time spent in proximity to 
the intruding male, expressed by male distance equiva-
lent, increased with male UV reflectance (Table 2; Fig. 3; 

Table 1   Results of GLM 
analysis for effects of male 
territorial aggressiveness on 
proportion of EPP

Significant estimates are marked in bold

Proportion of EPP

Explanatory variables Estimate Std. error z value Pr( >|z|)

Full model
 Difference laying/video date (days) 0.014 0.042 0.334 0.738
 Male peck rate (pecks/min) 0.033 0.088 0.380 0.703
 Male physical aggression (residuals) − 0.398 0.139 − 2.854 0.004
 Male distance equivalent (%) − 0.016 0.020 − 0.815 0.415
 Male latency (s) − 0.003 0.003 − 0.808 0.419

Final model
 Male physical aggression (residuals) − 0.397 0.133 − 2.966 0.003
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effect size = 30%). The model that analysed the associations 
between male plumage traits and male latency showed that 
male latency decreased significantly with male UV reflec-
tance (Table 3; Fig. 4a; effect size = 45%) and increased with 
female latency (Table 3; Fig. 4b; effect size = 32%).

Female traits and aggressiveness

Male attack rate decreased significantly with an increased 
extent of the female forehead patch (Table 4; Fig. 5a; effect 
size = 96%), while male peck rate was negatively associated 
with the extent of the female extended wing patch (Table 5; 
Fig. 5b; effect size = 40%). There were no significant asso-
ciations between male distance equivalent and female orna-
mental traits (all p values > 0.052, n = 53). There were no 

associations between male territoriality expressed as male 
latency and female plumage traits (all p values > 0.103, 
n = 41).

Discussion

We found that males that responded with less physical 
aggression to a territorial intrusion test suffered a higher 
paternity loss, a crucial confirmation of the territorial 
aspects of paternity guards. Moreover, the time spent by 
the male in proximity to the territorial intruders during the 
fertile phase of their mates, expressed by male distance 
equivalent, increased with male UV reflectance. Further 
evidence of the role of male plumage traits in territorial 
defence was the higher latency of males with reduced UV 
reflectance when correcting for female latency at the nest. 
On the other hand, the extent of female forehead and wing 
patches was negatively related to the aggressiveness of their 
mates against intruders.

We predicted that more aggressive males should better 
protect their mates from intruding males and the incidence 
of EPP should be lower. Our results agree with this hypoth-
esis. We found that the proportion of EPP decreased when 
the social male showed a higher level of physical aggres-
sion against a possible intruder male. This result strongly 
agrees with a previous study on the same Iberian popula-
tion. Moreno et al. (2010) showed that males which showed 
less aggressive behaviour in response to a territorial intru-
sion playback test suffered a higher paternity loss. Males 
could be unable to guard their mates efficiently when they 
have a propensity to avoid confronting territorial intruders 
near their nest box. Intruding males would thus have more 
opportunities to approach females in territories owned by 
less aggressive males. Our first prediction is thus supported 
by our results, as they suggest that extra-pair paternity is a 
consequence of a sexual conflict (Arnqvist and Kirkpatrick 
2005; Westneat and Stewart 2003) and depends on the social 

Fig. 2   Association between proportion of EPP and male physical 
aggression. The proportion of EPP decreases with an increased male 
physical aggression (β = − 0.397, p = 0.003)

Table 2   Results of GLM 
analysis for associations of 
male traits with male distance 
equivalent

Significant estimates are marked in bold

Male distance equivalent

Explanatory variables Estimate Std. error t value p value

Full model
 Difference laying/video date (days) 0.063 0.047 1.354 0.175
 Male blackness (%) 0.001 0.015 0.010 0.991
 Male forehead patch (cm2) − 2.713 1.407 − 1.928 0.053
 Male extended wing patch (cm2) 0.163 0.131 1.247 0.212
 Male UV reflectance (nm) 32.763 12.283 2.667 0.007
 Male age (years) − 0.019 0.097 − 0.201 0.840

Final model
 Male UV reflectance (nm) 24.831 11.428 2.173 0.029
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mate’s mate guarding abilities (Moreno et al. 2010), and 
on the female’s ability to avoid unwanted extra-pair male 
encounters (Alatalo et al. 1987; Plaza et al. 2019a, b).

Some studies have previously investigated the role of Pied 
Flycatcher male traits in determining levels of aggressive-
ness before the start of laying (Moreno et al., 2010), but 
without considering the role of UV reflectance and the size 
of white wing patches. Our study considered more aspects 
of male territoriality and male signalling capacity to give 
a fuller view on the importance of different male traits. 
Although Moreno et al. (2010, 2015) found that black males 
were more aggressive towards intruders, our results did not 
find an association between male blackness and territorial 

response to a decoy intruder. This could be explained by 
the differences in males’ average blackness between stud-
ies (our study 89.8 ± 9.4% vs 70.0 ± 2.0% in Moreno et al. 
(2015)). However, ornaments in birds are supposedly used as 
honest signals of individual quality and competitive ability 
(Andersson 1994; Zahavi 1975). Accordingly, our results 
showed a significant positive association between the time 
spent by the male in proximity to the territorial intruders and 
its UV reflectance. Therefore, there seems to be a relation-
ship between male plumage ornamental traits and the lev-
els of male aggressiveness during the female fertile period. 
This scenario confirms, although only partially, our second 
prediction, according to which the more aggressive males 
should present more developed plumage ornaments. Fur-
ther confirmation is provided by the indication that plumage 
traits could also be involved in male active control of the 
territory, as latency decreased with male UV reflectance of 
white wing patches when correcting for female latency due 
to mate guarding. In our study, male plumage characteristics 
were therefore associated both with investment in territo-
rial control and directly with aggression towards identified 
intruders. Indeed, UV reflectance of dark areas in this spe-
cies has been suggested to be correlated with male qual-
ity (Siitari and Huhta 2002; Sirkiä and Laaksonen 2009). 
Tentatively we can conclude that our second prediction is 
supported by the data.

We found a positive association between male and female 
latency, which is probably the consequence of mate guard-
ing at this breeding stage (Birkhead and Møller 1992; Grif-
fith et al. 2002; Møller and Birkhead 1991; Moreno et al. 
2010). If males follow females around to avoid EPCs, one 
consequence would be that the behaviour of the two mates 
in general and therefore their behaviour close to the nest 
during filming would also be associated. Moreover, the 
morphological traits of the female, and not only the behav-
ioural ones, could be involved in determining the territorial 

Fig. 3   Association between male distance equivalent (%) and male 
UV reflectance (nm). The time spent in proximity to the intruding 
male, expressed by male distance equivalent, increases significantly 
with male UV reflectance (β = 24.831, p = 0.029)

Table 3   Results of GLM 
analysis for associations of male 
traits with male latency

Significant estimates are marked in bold

Male latency

Explanatory variables Estimate Std. error t value p value

Full model
 Difference laying/video date (days) − 0.010 0.059 − 0.170 0.866
 Male blackness (%) − 0.007 0.017 − 0.450 0.654
 Male forehead patch (cm2) 0.707 1.484 0.480 0.636
 Male extended wing patch (cm2) 0.044 0.214 0.210 0.837
 Male UV reflectance (nm) − 40.432 18.574 − 2.180 0.036
 Male age (years) 0.071 0.121 0.580 0.563
 Female latency (s) 8.877e−04 4.480e−04 1.760 0.088

Final model
 Male UV reflectance (nm) − 36.342 16.333 − 2.230 0.031
 Female latency (s) 7.750e−04 3.760e−04 2.060 0.046
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behaviour of the male. In Pied Flycatchers, both sexes have 
conspicuous white patches on the wings (Lundberg and Ala-
talo 1992) characterized by UV reflectance. It is thought 
that the size of the white wing patches in the females is a 
sign of dominance given its relationship with testosterone 
levels measured during the incubation period (Cantarero 
et al. 2015; Moreno et al. 2014). Further evidence suggests 
that females with large white wing patches breed earlier and 
show a greater hatching success (Morales et al. 2007). They 
either arrive earlier at the breeding grounds or are more 
effective at securing a nest cavity, and they are more effi-
cient incubators (Morales et al. 2007; Plaza et al. 2018). 
Moreover, previous studies have also focused on the female 
white forehead patch, highlighting that patch expression 
in females of Iberian populations is correlated with lower 
risk of hemoparasite infections and lower levels of stress 
(Potti and Merino 1996; Moreno and López-Arrabé 2021), 
and that females with a white forehead patch invest more 

in reproduction at early ages than non-patched ones (Potti 
et al. 2013). All these previous studies suggest that the size 
of white wing and forehead patches are used as a signal of 
individual quality and social status in female Pied Flycatch-
ers. Therefore, it is also possible that these traits may be used 
as a signal in inter-sexual interactions.

Thus, we found a trend for males to carry out fewer 
attacks and pecks if their partner presented larger forehead 
and wing patches, respectively. These results, however, 
contradict our third prediction, according to which males 
should be more aggressive when mated with higher quality 
females. If female quality and her social status can influ-
ence the behaviour of the social partner, it is possible that 
also intruding males could perceive the same signals and be 
more likely to give up when the female presents the signs 
of social dominance (i.e., for the costs of resistance). In this 
scenario, the risk of losing paternity could be lower for the 
social partner, so it could reduce its territorial efforts when 

Fig. 4   Associations between: A male latency (s) and male UV reflectance (nm), B male latency (s) and female latency (s). Male latency 
decreases significantly with male UV reflectance (β = -28.067, p = 0.014) and increases with female latency (β = 8.570e−4, p = 0.016)

Table 4   Results of GLM 
analysis for associations of 
female traits with male attack 
rate

Significant estimates are marked in bold

Male attack rate

Explanatory variables Estimate Std. error t value p value

Full model
 Difference laying/video date (days) 0.062 0.042 1.203 0.235
 Female forehead patch (cm2) − 3.306 1.376 − 2.621 0.011
 Female extended wing patch (cm2) − 0.432 0.217 − 1.993 0.052
 Female UV reflectance (nm) 5.033 6.554 0.768 0.446
 Female age (years) 0.188 0.099 1.896 0.064

Final model
 Female forehead patch (cm2) − 2.594 1.262 − 2.055 0.044
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mated with dominant females. There is little evidence to 
support the thesis that higher quality females should be bet-
ter able to evade mate guarding tactics and more capable of 
selecting extra-pair mates in Iberian Pied Flycatcher popula-
tions, while most studies suggest that they are more able to 
evade or resist unwanted intruder males (Plaza et al. 2019a, 
b), supporting the sexual conflict hypothesis. Thus, Moreno 
et al. (2014) found that younger and shorter-winged Pied 
Flycatcher females engaged in more EPP, showing that these 
traits may enable them to avoid extra-pair copulations. This 
result was also confirmed in part by Plaza et al. (2019a, b). 
We can conclude that our third prediction should be prob-
ably adjusted to the effects of female evasion or defence 
capacity towards potential extra-pair mates in relation to 
expressed dominance.

To conclude, we found evidence that the proportion of 
EPP decreases when the social male shows a higher level 
of physical aggression towards a possible intruder male, 
which offers support for the basic tenet of the theory of ter-
ritoriality as paternity defence. In addition, in this species, 
different aspects of male territorial behaviour are influenced 
by male ornamental plumage traits. There seems to be a 
relationship between the level of male aggressiveness and 
male ornamental traits, as the time spent by the male in prox-
imity to territorial intruders increases with male UV reflec-
tance. This evidence is further supported by the association 
between male UV reflectance and control of their territories 
as expressed by latency (although latency is difficult to inter-
pret in this context as it depends on female behaviour due 
to mate guarding). Finally, male territorial behaviour may 
be influenced also by female ornamental traits, with males 

Fig. 5   Associations between: A male attack rate (attacks/min) and 
female forehead patch (cm2), B male peck rate (pecks/min) and 
female extended wing patch (cm2). Male attack rate decreases sig-

nificantly with the extent of female forehead patch (β = − 2.594, 
p = 0.044), while male peck rate is negatively associated with the 
extent of the female extended wing patch (β = 0.932, p = 0.003)

Table 5   Results of GLM 
analysis for associations of 
female traits with male peck rate

Significant estimates are marked in bold

Male peck rate

Explanatory variables Estimate Std. error t value p value

Full model
 Difference laying/video date (days) 0.051 0.070 0.737 0.464
 Female forehead patch (cm2) − 4.694 2.427 − 1.934 0.059
 Female extended wing patch (cm2) − 1.113 0.338 − 3.289 0.001
 Female UV reflectance (nm) 6.144 10.070 0.610 0.544
 Female age (years) 0.300 0.136 2.219 0.033

Final model
 Female extended wing patch (cm2) − 0.932 0.305 − 3.056 0.003
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being less aggressive when they are mated with more domi-
nant females which are more capable of avoiding unwanted 
approaches by extra-pair males.
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