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ABSTRACT. Nesting holes are a scarce resource for cavity nesting birds and an 

important selective force for the evolution of aggressive female behaviours, which 

may be mediated by testosterone (T) levels. We studied the implications of T levels 

for female-female competition by comparing natural levels of aggressiveness 

towards simulated female intruders (decoys) in two populations of the pied 

flycatcher (Ficedula hypoleuca) with a marked difference in breeding density (high 

density population in Finland, low density population in Spain). We also related 

aggressiveness to T levels in both populations. Another high density population in 

Spain was used to estimate T levels but without decoy tests. To this end, we 

exposed free-living females to simulated territorial intrusions during 30 min when 

nest construction was almost complete. T levels of females were measured at the 

beginning of incubation. Furthermore, we aimed at detecting if variation of T levels 

may explain female incubation attendance. Females showed higher T levels in the 

populations where pied flycatchers were exposed to a higher likelihood of 

conspecific interactions (high breeding density) than in the population with low 

breeding density. Female territorial presence, vigilance at the nest-box and 

proximity to decoys were negatively related to circulating T levels in the 

population where the females showed high T levels, but not in the low density 

population. Differences in T levels between populations did not result in 

differences in female incubation attendance, but T levels were negatively related to 

the incubation attendance in females from the population showing high T levels. T 

levels in females prior to laying reflect the need to defend nesting cavities which is 

higher at high breeding density and in subdominant females. High T levels are 

costly in terms of incubation attendance.   
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INTRODUCTION 

Females in many vertebrate species express competitive traits (Cain & Ketterson 

2012; LeBas 2006). Ornaments, weapons and aggressive behaviours may be 

selected by strong social competition for ecological resources other than mates, 

such as food, protection, territories or breeding cavities (Tobias et al. 2012; West-

Eberhard 1979; 1983). Females are expected to compete over resources that 

directly influence breeding success (Rosvall 2011). Although this competition is 

often assumed to be subtle and inconspicuous, females do behave aggressively in 

some of the same contexts as males (Stockley & Campbell 2013). Several 

hypotheses have been proposed to explain female aggression towards conspecifics 

during the breeding season (Gill et al. 2007). Female aggression towards 

conspecific females is expected to be intense if it can prevent or delay the 

opportunity for males to attract additional females (Slagsvold & Lifjeld 1994). The 

obvious benefit to be gained from aggression is that females may thereby be able 

to monopolize male parental care by forcing the intruder to occupy a more distant 

nest site or delaying her breeding onset (Lifjeld & Slagsvold 1989; Slagsvold et al. 

1992; Slagsvold & Lifjeld 1994).  

Females may also defend their nest site or food resources in their territory 

(Karlsen & Slagsvold 1997; Kral et al. 1996; Male et al. 2006; Sandell 2007; 

Slagsvold et al. 1992). Aggressive females are more likely to acquire resources 

important for breeding such as a nesting cavities (Sandell & Smith 1997). Nest 

holes are a scarce resource for cavity nesting birds and there is a strong 

competition over them in some species (Dale et al. 1992; Dale & Slagsvold 1995; 

Leffelaar & Robertson 1985). Social selection for aggressive competition among 

females may be particularly important in obligate secondary cavity nesters 

(Breiehagen & Slagsvold 1988; Rosvall 2008), since losing the nest site would be 

disastrous for the breeding female (Rätti 2000). 

In territorial species, nesting in areas with high breeding density may mean 

more conspecific aggressive interactions (Alonso-Alvarez & Velando 2001; Male et 

al. 2006; Mitchell & Robertson 1996). Rosvall (2008) modified the levels of 

competition for female tree swallows (Tachycineta bicolor) by experimentally 

reducing cavity availability and showed that more aggressive females were more 
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likely to obtain nesting cavities. Furthermore, Bentz et al. (2013) found that tree 

swallow females breeding in high-density areas experienced a higher number of 

aggressive interactions and that their eggs had higher testosterone concentrations 

when breeding density was experimentally increased. Lower breeding density 

could reduce competition due to the higher probability of obtaining resources 

(Dunn & Winkler 2010). 

The aggressiveness of an individual is partially determined by its hormonal 

status (Moss et al. 1994). Many aspects of male reproduction in vertebrates are 

influenced or controlled by the steroid hormone testosterone (Smith et al. 2005). 

Testosterone (T) levels are generally lower in females than in males (Moreno et al. 

2014; Silverin & Wingfield 1982) and these levels are higher in females of colonial 

species than in solitary species (Møller et al. 2005). There is mixed evidence for the 

importance of T for female social aggressiveness. While some studies have found a 

positive association between female aggressive behaviour and endogenous (Cain & 

Ketterson 2012; Elekonich & Wingfield 2000; Gill et al. 2007) or manipulated 

(Lahaye et al. 2012; Moss et al. 1994; Sandell 2007; Veiga & Polo 2008) T levels, 

others have not found this association (Jawor et al. 2006). It is known that during 

periods of intense intrasexual competition such as territorial establishment, T 

levels are seasonally elevated in both males (Gowaty 1981; Silverin 1993; 

Wingfield et al. 2001) and females (Gowaty 1981; Kral et al. 1996; Lahaye et al. 

2012; Sandell 2007). Territorial exclusion of female intruders may be especially 

necessary during these initial stages of reproduction when nests-sites may be 

taken over (Gowaty & Wagner 1988; Rosvall 2011). There might, however, also be 

selective forces that act against higher T levels: previous experimental and 

correlative studies have shown that higher T levels could also inhibit parental care 

(Alonso-Alvarez 2001; Cain & Ketterson 2013; De Ridder et al. 2000; O'Neal et al. 

2008; Oring et al. 1989; Pinxten et al. 2007) or reduce reproductive performance 

(Gerlach & Ketterson 2013; López-Rull & Gil 2009; Martínez-Padilla et al. 2014).  

In many passerines like the pied flycatcher Ficedula hypoleuca, females are 

highly aggressive towards intruding females during initial breeding stages and 

therefore female-female aggression has been well studied in this species 

(Breiehagen & Slagsvold 1988; Dale & Slagsvold 1995; Karlsen & Slagsvold 1997; 
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Morales et al. 2014; Rätti et al. 1995; Slagsvold et al. 1992). The availability of 

nesting holes in most areas is probably the main factor limiting population density 

in this species (von Haartman 1956). Competition among females for breeding 

sites can be rough and even lethal, especially during the nest-building period 

(Morales et al. 2014), where it is known that T levels can be increased rapidly by 

territorial intrusions in males (Silverin 1993). 

The aim of this study was to explore the variation in circulating T levels of 

females between three geographically separated populations of pied flycatchers. 

We exposed female pied flycatchers from two of these populations to simulated 

territorial intrusions using a stuffed female when nest construction was almost 

complete. We also collected female blood samples to measure T levels in all 

populations. The purpose of the study was to explore the implications of T levels 

for female-female competition by studying natural levels of aggressiveness 

towards intruders in two populations with a marked difference in female plumage 

phenotype, a southern population in Valsaín (central Spain) and a northern 

population on the island of Ruissalo (Finland). Only females in Iberian populations 

present a white forehead patch as in males (Morales et al. 2014; Potti 1993), while 

white wing patches are also larger in these populations than in populations further 

north (Cantarero et al. in prep). Plumage phenotype has been linked to T levels in 

the species (Moreno et al. 2014). We also collected female blood samples from a 

high density population located near the village of Lozoya (central Spain) to 

further explore density-related variation in T levels. Furthermore, we aimed to 

detect if variation of T levels may explain female incubation attendance. We 

predicted that if T level is a proximate mechanism regulating female behaviour in 

the early stages of breeding, then:  

(1) T levels should be related to female aggressiveness towards female decoys. 

(2) T levels should be higher in females from populations more exposed to 

aggressive territorial interactions. 

(3) T levels should be higher when the availability of nest-boxes for breeding is 

lower later in the season. 

(4) Incubation attendance should be lower when T levels are higher. 
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MATERIAL AND METHODS 

General field methods 

The study was conducted during the spring of 2014 in three study areas. The 

Valsaín (40˚ 54’ N, 4˚ 01’ W, 1300 m altitude) and Lozoya (40º 58’ N, 3º 48’ W, 

1400 m altitude) study areas in central Spain had 570 and 100 nest-boxes 

respectively erected in montane forests of Pyrenean oak, Quercus pyrenaica. From 

Valsaín we used in this study a subpopulation composed of 270 nest-boxes. The 

Ruissalo study area in Turku, Finland (60˚ 35′ N, 27˚ 09′ S), had 436 nest-boxes 

erected in forests dominated by oak (Quercus robur) and Scots pine (Pinus 

sylvestris). We used a Ruissalo subpopulation composed of 270 nest-boxes. In all 

areas, breeding activities of pied flycatchers are followed routinely every year and 

laying and hatching dates, as well as brood sizes at hatching and fledging are 

determined. The breeding density of pied flycatchers and the occupancy rate of 

nest-boxes, by pied flycatchers and other cavity-nesting birds, were different 

between areas (see Table 1). To characterize each study area we identified each 

nest-box location with a Global Positioning System (GPS) waypoint and calculated 

density using the outermost boxes as the boundaries of the area.  

Simulated territorial intrusions and video recordings 

Nest-boxes were checked every few days (3-4 days) to detect the initiation and 

progress of nest construction. When nest construction was complete (presence of a 

nest cup), we simulated territorial intrusions in Valsaín and Ruissalo by placing a 

pied flycatcher female decoy on top of the nest box. Following Morales et al. 

(2014), we used as decoys two stuffed females that were found naturally dead in 

the population in previous years and thereafter preserved frozen at -20 °C until 

stuffing. We used two different stuffed females in each area, selecting one 

randomly for each nest as commonly done in other avian territorial intrusion tests 

(e.g., Morales et al. 2014; Moreno et al. 2014; Vergara et al. 2007). We included 32 

nests in Valsaín (all pied flycatcher nests from this subpopulation) and 30 

randomly selected nests in Ruissalo. We recorded pied flycatcher activity near the 

decoy and the space surrounding the nest- boxes for about 30 min (32.33±SE 5.5 

min) with digital video cameras placed 10-20 m away from the nest-box tree. 
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Five days after clutch completion (day 6 of incubation), nest boxes were 

again filmed (94.77±SE 13.3 min) with digital video cameras placed at least 10 m 

from the nest and covering the front of the nest-box and its immediate 

surroundings. Because of technical problems, we failed to record the behaviour of 

one nest in Ruissalo. All films were recorded at 8:00-15:00 h, and we found no 

significant effects of the time of day on behavioural variables (effect of hour 

P>0.10).  

Female capture  

Seven days after clutch completion, incubating females from all study sites were 

captured by hand while they were at the nest-box during daytime. They were 

ringed if necessary or identified by their ring. Within 2 min after capture, a blood 

sample (about 50-150 μl) was collected from the brachial vein in heparinized 

microcapillaries and stored in eppendorf tubes in an ice-box until returning to the 

lab in the same day where blood was centrifuged at 1200 rpm for ten minutes. 

Plasma was then separated, collected in eppendorf tubes and frozen at -20 ºC until 

analysis. Most females continued incubating immediately after being placed back 

on the nest. No female deserted the nest after capture.  

Testosterone analysis 

To determine plasma concentration of T, volumes of 10-50 µl of plasma were 

transferred to labelled glass tubes and steroid extracted by adding 3 ml of diethyl-

ether to the tubes, vortexing for 2 min, and centrifuging at 100x for 5 min in a 

cooled centrifuge (4ºC). The tubes were snap-frozen in a bath of ethanol with dry 

ice, and the supernatant transferred to a new clean tube where they were dried by 

gently warming them in a water bath. Extractions were resuspended with 150 µl of 

steroid buffer (Cayman Chemical, Ann Arbor, Michigan, USA) and vigorously 

mixed.  

Assays were conducted in duplicate (intra-assay CV = 7.2%) in a single 

enzyme immunoassay kit (ref. 582701, Cayman Chemical, Ann Arbor, Michigan, 

USA) following kit recommendations. Serial dilutions of a pool (from 1: 1 to 1:16) 

showed an excellent dilution pattern not different from expectations, suggesting 

antibody specificity and lack of matrix interferences. The standard curve provided 
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a very good fit to standard (r2> 0.92). The detection limit of the assay (80% 

maximum binding) was found at 6.27 pg/ml and none of the samples fell below 

this limit. Since volumes of 50 µl of resuspended extractions were used in the 

assay, final calculations took into account sample-specific dilution coefficients. 

Because the plasma volume was insufficient, we failed to measure levels of 13 

different females, 8 from the Finnish population and 5 from the Spanish population 

(4 from Valsaín and 1 from Lozoya).  

We have validated the assumption that T levels show individual consistency 

throughout the breeding cycle. Of the sample of 22 females from Lozoya for which 

we obtained data on incubation T levels, 18 were captured also on day 7 of the 

nestling period. T levels during the nestling stage were related consistently to T 

levels at the beginning of incubation more than 3 weeks earlier (F1,17=5.22, 

P=0.037, adjusted R2=0.32). Given this individual consistency, we assume that 

female T levels measured during incubation are significantly associated with 

female T levels when decoy presentations were conducted (approx. 2 weeks 

earlier). We did not try to sample females before full incubation as they are very 

sensitive to capture at this stage and may desert the nest site.  

Behavioural data analysis 

Video recordings were watched using VLC Media Player software. From recordings 

taken when nest construction was almost complete (decoy tests) we obtained the 

following information: appearance on film or not (presence), time until the female 

appears (latency), proportion of test time appearing on film (vigilance), proportion 

of time appearing on film at less than 30 cm from the decoy (proximity), number of 

physical contacts with decoy by female and male per min (attack rate) and number 

of visits to the nest per min (nest attentiveness). Proximity is considered an index 

of aggressive disposition (Rätti 2000). 

From recordings taken during incubation we estimated the proportion of 

time spent by the female inside the nest-box (“egg attendance”), which includes the 

time allocated to incubating and turning the eggs, and the mean duration of 

incubation sessions and recesses (periods when the nest was unattended). In 

addition, we also counted the number of incubation feedings by males.  
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Statistical analyses 

The differences in circulating T levels of females between populations were 

analyzed with general linear models (GLM) with population as explanatory factor. 

T-levels were log-transformed for the analysis for normalizing the distribution. 

We performed GLMs to test the association between T levels and female 

behaviour during the simulated territorial intrusions for each study population 

using date and time of filming as continuous predictors. We analyzed both the full 

data set and observations when females appeared on film. 

Female incubation behaviour variables were normally distributed 

(Kolmogorov-Smirnov, P>0.20) and were therefore analyzed with GLM models 

assuming a normal error with population as explanatory factor and T levels, date 

and time of filming as continuous predictors. Furthermore, we used GLM to 

explore relationships between female behaviours within each population.  

 

RESULTS 

The distance to the nearest-neighbour as an index of breeding density was 

significantly different between the three populations (F1,160=6.80, P=0.001), being 

shorter in Lozoya (38.36±6.88 m) than in Ruissalo (46.14±17.08 m) and in Valsaín 

(61.82±56.01 m) populations. The high-density study areas (Lozoya and Ruissalo) 

showed no significant difference in the distance to the nearest-neighbour (Fisher’s 

LSD post hoc test, P=0.128) but the distance was shorter in both of them than in 

the low-density study area (Valsaín, Fisher’s LSD, P<0.001 in both cases). 

There were differences in circulating T levels between females from the 

three populations (F1,67=10.63, P<0.001, Fig. 1). Regarding the populations 

subjected to simulated territorial intrusions, females from the high density 

population had significantly higher T levels than females from the low density 

population during the incubation stage (500.31±472.01 vs. 188.11±216.12 pg/ml; 

F1,47=6.13, P=0.017). The females from Lozoya (high density population) showed 

higher circulating T levels (601.18±299.74 pg/ml, range 25.13-1219.60 pg/ml) 

than females from Ruissalo (F1,39=2.17, P=0.036) and Valsaín (F1,47=5.45, P<0.001) 
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during incubation. Laying date showed no association with the T levels of females 

in the Valsaín population (Spearman correlation: rs=-0.047, P=0.811), but later-

laying females tended to have higher T in Ruissalo (rs=0.429, P=0.059). 

 

Figure 1. Differences in T levels of Pied Flycatcher incubating females between the three 

populations. Means ± SE are shown for each study area. 

During the simulated intrusions test a slightly higher proportion of females 

were present around the nest-box in the high density population (22 of 30 females, 

73.34 %) than in the low density population (20 of 32 females, 62.50 %). There 

were differences in circulating T levels of incubating females in relation to the 

presence (Yes) or absence (No) of the female during the simulated territorial 

intrusions for each population.  Females from the high density population 

population that were present during the decoy tests showed lower T levels than 

females who were absent during these tests (Fig. 2; F1,21=8.87, P<0.001). These T 

levels were similar between the females in the low density population (Fig. 2; 

F1,21=1.40, P=0.623). 
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Figure 2. Differences in T levels of Pied Flycatcher incubating females in relation to the 

presence (Yes) or absence (No) of the female during the simulated territorial intrusions for 

Ruissalo and Valsaín populations.  

While territorial vigilance was negatively related to T level in the high-

density population, this was not the case in the low-density population, both when 

analyzing the whole data set and only observations with presence of the female 

(Fig. 3A and Fig. 3B). In the high-density population, there was a negative 

association between T and female proximity (Table 2). None of the populations 

showed relationships between T levels and latency time, attacks rate or nest 

attentiveness (Table 2, all P>0.05). The two populations showed a strong positive 

correlation between the presence of the female and the presence of the male in the 

film during the simulated territorial intrusions (rs=0.525, P<0.001).  
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Figure 3. Association between T levels of females and female territorial vigilance for (A) all 

females (Ruissalo: F=8.14, P=0.010; Valsaín: F=0.45, P=0.507) and (B) only for females present 

during decoy trials (Ruissalo: F=5.20, P=0.045; Valsaín: F=0.01, P=0.945) for each population.  
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Study site Location 
Nesting Occupancy Females Testosterone Decoy Incubation 

density (pairs/ha) rate (%) (n) analysis (n) test (n) behaviour (n) 

Ruissalo Finland 1.33 86.09 30 22 30 29 

Valsaín Spain 0.76 32.22 32 28 32 32 

Lozoya Spain 1.43 95 22 21 - - 

 

Table 1. Study area description and sample size (number of females) included in each part of the study.  

 

 High density area (Ruissalo) Low density area (Valsaín) 

 All females Excluding absent females All females Excluding absent females 

 β F p β F p β F p β F p 

Latency time (min) - - - -0.141 0.265 0.614 - - - 0.178 0.521 0.480 

Proximity (% time < 30 cm) -0.511 6.347 0.021 -0.619 5.599 0.042 -0.325 3.068 0.092 -0.328 1.934 0.183 

Attacks rate (attacks/min) -0.191 0.719 0.407 -0.116 0.178 0.679 -0.342 3.314 0.081 -0.381 2.551 0.131 

Attentiveness (visits/h) -0.133 0.324 0.576 -0.374 1.957 0.187 -0.162 0.701 0.409 -0.122 0.245 0.627 

 

Table 2. Results of GLM analyses (significant p-values in bold) for association between female behaviour during the simulated territorial intrusions and circulating T 

levels for the two study population with presence/absence of the female 
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We found no differences in incubation attendance (% incubation time) or 

the mean incubation session or recess durations of females between populations 

(all P>0.10). Male incubation feeding rates were similar in the two study sites (high 

density area: 2.2±2.86 times per hour; low density area: 3.22±3.42 times per hour; 

F1,59=8.87, P=0.343). Patterns of female incubation in the high density area where 

characterized by females with higher T levels having shorter incubation sessions 

(Table 3). There was a positive association between T levels of females breeding in 

the low density area and the mean duration of recesses (Table 3).  

 

 High density area Low density area 

 (Ruissalo) (Valsaín) 

 β F p β F p 

Egg attendance (%) 0.111 0.238 0.631 -0.137 0.504 0.484 

Mean session (min) -0.625 10.909 0.004 0.316 2.881 0.106 

Mean recess (min) -0.235 1.109 0.305 0.455 6.771 0.015 

 

Table 3. Results of GLM analyses (significant p-values in bold) for association between female 

behaviour on incubation stage and circulating T levels for the two study population 

 

DISCUSSION 

Our results indicate that circulating T levels of female pied flycatchers differ 

between the three studied populations and are also differently related to nest 

defense in two of the populations. In the high density population, T levels showed a 

negative relationship with the availability of potential nest-boxes for breeding. 

Also in the high density population, the level of female aggressiveness against 

intruders decreased with higher T levels. Moreover, females that were absent 

during the simulated intrusions had higher T levels than those that were present 

during tests. Differences in T levels between populations did not result in 

differences in female incubation attendance, but in the high density population, 

females spent less time incubating when T levels were higher.  
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High population density causes increased aggression among individuals in 

many vertebrate species (Pilz & Smith 2004; Vergara et al. 2007). The crowded 

conditions imposed by breeding at high densities may lead to social instability 

associated with an increased number of territorial aggressions (Lacava et al. 

2011). Following this, it is very plausible that the behaviour towards decoys shown 

by the females in the high density population is ultimately a result of competition 

for nesting-sites among females. Circulating T levels of high density population 

females during incubation were negatively related to female aggressiveness at the 

nest-building stage. This seems at first counterintuitive, but it may be that females 

with higher T levels may not consider the presence of female intruders as risky and 

may therefore tend to ignore potential competitors. Veiga et al. (2004) found that 

female spotless starling Sturnus unicolor tended to be more successful in acquiring 

a nest box when T levels were increased experimentally. The lower T levels 

observed in females who were present versus females who were absent during the 

simulated intrusions in the high density population may be a result of their non-

dominant social status. Given the higher probability of usurpation due to the lower 

availability of cavities for female intruders in this population, females with low T 

levels may be forced to stay more time closer to the nest-box to confront 

conspecific intruders. It is a common observation in other species that the more 

dominant individuals are not necessarily the most aggressive ones (Beaugrand & 

Zayan 1985; Bekoff 1977; Higley 2003; Pérez-Guisado & Muñoz-Serrano 2009). 

Aggressiveness as measured in some studies may not relate to the capacity to 

dominate other individuals, so we should try to relate this capacity to T-levels in 

further studies. If nesting sites are not limiting, as in the low density population, 

females should not defend so intensely the cavity and could allocate more time to 

other activities which would limit any association between T level and behaviour. 

The strong correlation between the presence of both pair members during the 

simulated territorial intrusions suggest that the female response may serve to 

signal her mated status to the female intruder (Pärn et al. 2008; Slagsvold et al. 

1992; Slagsvold & Lifjeld 1994) or that males are guarding their mate given their 

fertile state (Canal et al. 2012) and/or are attracted by the presence of other 

females in order to try to copulate with them (Dickinson 1997; 2001; Morales et al. 

2014).  
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We found that pied flycatcher females breeding in Lozoya and Ruissalo 

showed higher circulating T levels and that these populations also showed high 

breeding density. The number of nesting holes is in most areas the main factor 

limiting population density of this species (von Haartman 1956) and poses an 

important selective force determining the strength of inter- and intraspecific 

competition (Jacot et al. 2009). The higher proportion of occupied nest-boxes for 

breeding in some areas denotes the capacity of these areas to attract a higher 

number of individuals trying to breed. A higher number of females trying to obtain 

a nesting cavity may induce stiffer competition with territory holders, both for 

males and for females. The more intense competition for nest-boxes may induce 

females from these populations to invest more energy and time in cavity defense 

and may lead to increased T circulation (O'Neal et al. 2008; Wingfield 1994). 

Similar results were reported by Silverin (1998) when comparing the territorial 

behaviour and T levels of male pied flycatchers breeding in optimal and 

suboptimal habitats.  

High T levels may be adaptive when nesting-sites are limited because they 

prepare the individuals for intense competition with conspecifics (Moss et al. 

1994). In many bird species, some females are present on the breeding sites but 

the intense competition among females for breeding opportunities may exclude 

them from breeding (Stutchbury & Robertson 1985; Stutchbury & Robertson 

1987). These females are referred to as female floaters (Brown 1969; Smith 1978) 

and may replace a resident female that has died or deserted. If there are no 

opportunities of this kind, or the nest sites are limited as in the high density 

populations, their only option is to try to take over nest sites by force. Given the 

higher probability of usurpation, differences in aggressions and T levels may be 

caused by differences in the value of the nest-boxes and through an additional 

effect of population density on intrusion rates (Silverin 1998). Furthermore, 

because the breeding season is shorter in the north than in the south, females 

cannot wait very long to decide how much resources must be invested in 

reproduction (Järvinen 1989). This can lead to a higher level of competition for 

breeding sites, especially if these are scarce. If breeding sites are not limiting, as in 

low density populations, the selective pressures to obtain a nest-site may be 

weaker. 
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We found a weak marginally significant positive association between T level 

and breeding date in the high density population. When pied flycatcher females 

arrive to the breeding areas, they pair up and sequentially occupy nest-boxes 

defended by males. Early breeding increases the chances for both males and 

females to secure suitable nesting-sites (Slagsvold 1976). Thus, the availability of 

potential mates and nest-sites decreases as the season progresses. When nest-

boxes are a scarce resource for breeding at high densities, aggressive interactions 

between females may be expected to be higher since the availability of male-

defended nest-boxes would be lower.  

High T levels in females in the high density area were associated with low 

intensity of egg attendance, as predicted by the negative interaction between T and 

prolactin levels in birds (Lormee et al. 2000; Oring et al. 1989; Schoech et al. 1998; 

Van Roo et al. 2003; Vleck et al. 2000). Several studies have shown trade-offs 

between investment in reproductive competition and parental care (Alonso-

Alvarez 2001; Cain & Ketterson 2013; Moreno et al. 1999), suggesting an 

important cost of high T levels in terms of egg or nestling attendance (Cain & 

Ketterson 2013; De Ridder et al. 2000). Rosvall (2013) increased experimentally T 

levels in female tree swallows and showed a decline in incubation attendance. 

Similar results were reported in spotless starlings (De Ridder et al. 2000; Veiga & 

Polo 2008), zebra finches Taeniopygia guttata (Rutkowska et al. 2005) and rufous 

whistlers Pachycephala rufiventris (McDonald et al. 2001). These findings imply 

that high T levels may disrupt the expression of normal incubation behaviour 

(Oring et al. 1989; Schwagmeyer et al. 2005). This cost may constrain competition-

induced increases in female T levels. 

Our study shows that the relationship between T and competitive 

behaviour in females can be complex and differ between populations. High T may 

be related to dominance and make aggression unnecessary also in songbirds. 

Competitive capacity and aggressiveness should be separated in future studies. We 

furthermore suggest that the population differences detected in T levels of females 

reflect the need to defend nesting cavities and that this need is stronger where the 

likelihood of usurpation by intruders is greater. Further experimental studies are 
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needed to establish this potential relationship between T levels and breeding 

density. 
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