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Abstract 

Sexual signaling and song recognition play an important role when birds form mating pairs 

and divergence in those traits may therefore hinder hybridization between bird species. This is 

especially important for newly diverged species that live in sympatry like the two flycatcher 

species, collared flycatcher (Ficedula albicolis) and pied flycatcher (Ficedula hypoleuca). 

When studying song recognition in birds, most studies have been looking at behavioral 

response to song. The problem with this is that it is impossible to see if the birds react to song 

even before they can give a clear behavioral response. In this study, I have looked at the 

oxygen consumption when collared and pied flycatcher nestlings are exposed to different 

song to show if they can distinguish between songs even before they show a behavioral 

response. The results show that even though they do not seem to discriminate against non-

conspecific song, there is a response to song stimuli as early as 7 days after hatching. 

Introduction  

To get a deeper understanding of what maintains biodiversity, it is important to understand the 

mechanism behind it. One of the driving mechanisms for maintaining a high biodiversity is 

speciation. Speciation is a process by which new species arise (Coyne and Orr, 2004). Studies 

of speciation in sexually reproducing organisms often focus on the many different 

mechanisms that can cause reproductive isolation between diverging populations or young 

species, either before or after a mating attempt (Panhuis et al., 2001). One of those is 

behavioral isolation caused by divergence in sexual signaling and preferences for those 

signals, which acts before a mating attempt and hinders hybridization (Qvarnström et al., 

2010). One example of behavioral isolation is a visual preference, in a study by Williams and 

Mendelson (2011), they could show that females belonging to the fish species 

Etheostoma zonale and Etheostoma barrenense preferred courting dummy males with 

conspecific patterning and coloration over heterospecific colored males. This shows the 

importance of prezygotic isolation as well as the importance of sexual signaling.   

Sexual signaling can have many different forms and could be based on vision, smell, sound or 

behavior. For bird species, song plays an important role for mate attraction where different 

aspects of the song like repertoire length and time spent singing may determine male mating 

success. For example, repertoire length has been found to be a good estimate for mating 

success in Acrocephalus warblers, where females choose the males with the largest repertoire 

(Buchanan and Catchpole, 1997). Sexual signals, like birds song, often play a central role in 

prezygotic isolation between species by ensuring species assortative mating, and can both 

increase divergence between closely related species in sympatry or lead to hybridization if 

individuals can imprint on the wrong song (Panhuis et al., 2001). 

Not only divergence in song traits between young species, but also song recognition influence 

whether species will pair assortatively and in a study on wild sparrows it was shown that 

nestlings reacts differently to conspecific and heterospecific song (Shizuka, 2014). Song 

recognition has also been shown to have an important role as early as in the embryonic stage. 



In a study on superb fairy wren (Malurus cyaneus), parents have been found to teach their 

chicks a begging password in their embryonic phase, as a defense against cuckoos 

(Colombelli-Négrel et al., 2012). However, there have not yet been studies on how the 

nestlings react metabolically. With this information it can be possible to see if the nestlings 

react to song earlier than there is a clear behavioral response. 

A good system to study the effect of song recognition in the context of speciation is the 

collared flycatcher (Ficedula albicolis) and pied flycatcher (Ficedula hypoleuca). These are 

two newly diverged (less than 1 MYA), closely related species (Qvarnström et al., 2010; 

Svedin et al., 2008). They have a broad hybrid zone in the middle of Europe but also a fairly 

new hybrid zone in Sweden on the two islands Gotland and Öland (Qvarnström et al 2010). 

This hybrid zone arose when collared flycatcher arrived on Gotland about 150 years ago and 

on Öland about 50 years ago (Qvarnström et al., 2010; Svedin et al., 2008). These new hybrid 

zones make it ideal for studies on species in sympatry and the effect of hybridization, as it is 

possible to study the early stages of secondary contacts. Song recognition plays an important 

role for inhibiting hybridization in sympatry (Seddon and Tobias, 2010; Slabbekoorn and 

Smith, 2002). The young nestlings will hear both species song when they grow and this could 

affect their song. For example, pied flycatchers are known to sometimes incorporate collared 

flycatcher song into their own song (Haavie et al., 2004). Because some pied males have parts 

of their song that is very similar to collared males, female collared flycatcher can mistake a 

pied male for a collared male (Qvarnström et al., 2006). 

It is important to study song discrimination in young birds, as they are heavily influenced by 

tutors when they learn their song and start their song learning period when exposed to 

conspecific song (Bolhuis and Moorman, 2015; Nelson and Marler, 1993). In a study done on 

zebra finches by(Braaten and Reynolds, 1999), they found that young sparrows reared in 

isolation have an innate preference towards conspecific song over heterospecific song. It’s 

also found that birds reared in isolation will sing an abnormal version of their innate template 

as adults (Nelson and Marler, 1993). This means that birds are born with some innate 

knowledge for their species song, but are still heavily influenced by adult birds for tutoring. If 

they are exposed to heterospecific song instead of conspecific this would heavily influence 

their songs when adult. 

In this study I examined collared and pied flycatcher nestling song discrimination and asked 

when nestlings or eggs begin to discriminate.  I used a respirometer to measure response to 

song (a change in metabolic rate) before we can easily see a behavioral response. 

I predicted that the nestlings could completely discriminate against heterospecific flycatcher 

and great tit song at the age of twelve days because previous work has shown a behavioral 

response to bird song at this age (Wheatcroft pers comm.). I predicted that at the young ages 

there would be a gradual increase in discrimination against non-conspecific, as was shown in 

sparrows (Shizuka, 2014) where nestlings would react to all noise at the age of four days and 

react stronger to conspecific song at the age of nine days. I was also interested to see if there 

is a response to sound pre hatching, as was found in superb fairy wren eggs (see above) 

(Colombelli-Négrel et al., 2012), so I tested eggs for a reaction as well. 



Method 

Collared and pied flycatchers can be found in a hybrid zone on Öland (57°10´ N, 16°58´ E) 

outside the Swedish east coast. The two flycatcher species have been monitored using nest 

boxes since 2002 in both the north and the middle part of the island (Qvarnström et al., 2009). 

For each of the nests, we recorded the date the female started laying and what day the eggs 

hatched. This allowed me to estimate when the eggs would hatch and thus test them two days 

before hatching and assign the nestlings an age. 

To get a measurement of the metabolic rate in the eggs and chicks I used a flow-through 

respirometer. While each egg or chick is in the respirometer it allowed me to measure the 

amount of oxygen, carbon dioxide and water vapor pressure in the air that the bird used. By 

comparing the amount of oxygen and carbon dioxide between silence and song, I used it as a 

measure of the difference in metabolic rate (Lighton, 2008). By doing this, I could see if the 

bird was breathing heavier during the treatment (or the other way around) and interpret that as 

a response as an increase in oxygen consumption is indicative of an increase in metabolic rate 

(Speakman et al., 2004), which would mean that the bird is reacting to the sound of bird song. 

Birds were collected from both species at five different ages: two days before they hatch, at 

four days, seven days, nine days and twelve days. These ages were chosen because Zebra 

finches undergo important changes in brain development at both four and seven days (Charvet 

and Striedter, 2009) and four days was as early as we thought we could see a response. When 

nestlings are twelve days old previous work has found clear behavioral responses (David 

Wheatcroft, pers com.), so I was interested to find out if there was a clear response in 

metabolic rate as well in the period just before they fledge. 

In each playback trial I used either one chick or two eggs. Two eggs were used to maximize 

any possible metabolic response because eggs have a lower metabolic rate compared to 

chicks. Each chick was then put in the respirometer for 20 minutes and during this time, one 

of six different song playbacks was played for the chick (song playback a to f, see table 1). To 

get the specific playback trials for each individual I used a random number generator in R (R 

Core Team, 2015). Each playback had first 5 minutes of silence to allow the chicks to calm 

down, after that 5 minutes of song were played for the chicks. After the first silence/song 

there was another period of silence followed by another period of song (not the same song as 

the first).The flow of the respirometer was adjusted for the different ages: approximately 50 

ml for the eggs, 200 ml for the four days old and 400 ml for the seven, nine and twelve days 

old, to account for the larger size of the older chicks. After the chick had been in the 

respirometer, it was immediately brought back to its nest. 

  



Table 1. Song protocol used for the song recognition experiment. The bird song was randomized each day from a 

collection of 10 different songs from each species. The birds were played the songs in the order they were caught, from 

each age and each species 

Song protocol 1
st
 five minutes 2

nd
 five minutes 3

rd
 five minutes Last five minutes 

A Silence Great tit song Silence Collared song 

B Silence Great tit song Silence Pied song 

C Silence Collared song Silence Pied song 

D Silence Collared song Silence Great tit song 

E Silence Pied song Silence Collared song 

F Silence Pied song Silence Great tit song 

 

The bird songs used in the experiment were recorded on Öland in 2001 on DAT and minidisc 

recorders (Sony TCD-D7, TCD-D10 and Kenwood DMC-J7R) using microphones that were 

mounted on 55cm parabolic dishes (Classic, Science and PRO II, all products by Telinga, 

Tobo, Sweden). They were played to the birds using the same iPod and speaker for all trials. 

For the analyses, only collared flycatcher nestlings were used, due to the low sample size of 

pied flycatcher nestlings.  

Statistical methods 

Statistics were done using RStudio (v. 3.1.3) (R Core Team, 2015). To analyze the data, 

general linear models were used where the difference in oxygen consumption was the 

dependable variable in all models as an indicator of metabolic rate. Song type, age and the 

interaction between them were the independent variables as I was interested in how both song 

and age can affect the oxygen consumption in the chicks.  

Results 

The nestlings started to show a reaction to bird song when they were seven days old. 

However, a reaction to song was only found for the first song the chicks heard (F=6.171, 

df=75, p=1.828e-06) compared to the second song (F=1.296, df=75, p=0.2536). Because of 

this I decided to only use the reaction to the first song, and thus have only three treatments for 

song, instead of six (table 2).  

Table 2. The number of individuals in each treatment for all the ages (only data for collared flycatcher is included) 

Age Great tit Collared 

flycatche

r 

Pied 

flycatche

r 

egg 5 5 5 

day 4 6 5 6 

day 7 4 5 2 

day 9 5 3 1 

day 12 3 5 1 

 

Age had an important role for the reaction to song in collared flycatcher nestlings. The chicks 

reacted to song compared to silence beginning at seven days (F= 4.721, df=53, p=0.000643, 



Table 3), but four days old chicks did not consume significant more oxygen than eggs 

(t=1.312, df=53, p=0.195178, Table 3). This means that when bird song was played to the 

chicks seven days and older their metabolism increased when compared to silence. This 

increase in oxygen consumption was highest for chicks at the ages nine (t=4.202, df=53, 

p=0.000102, Table 3) and seven days (t=3.929, df=53, p=0.000248, Table 3). Song type by 

itself did not show any significance (F=0.05813, df=57, p=0.9436). 

Table 3. the standard error, t value and p-value for the song types and ages compared to egg and great tit song for the 

linear regression looking at the effect of song type and age on oxygen consumption. 

                    Estimate  Std. Error  t value  Pr(>|t|)     

(Intercept)        -0.016250    0.030636   -0.530  0.598040     

song.typeCollared   0.009916    0.029216    0.339  0.735638     

song.typePied       0.032388    0.033056    0.980  0.331633     

ageday 12           0.136212    0.043047    3.164  0.002575 **  

ageday 4            0.045196    0.034448    1.312  0.195178     

ageday 7            0.152735    0.038873    3.929  0.000248 *** 

ageday 9            0.174960    0.041636    4.202  0.000102 *** 
 

To determine if response to song type varied with age (i.e. interacted), I used a general linear 

model with an interaction. I found that song and age significantly interacted (F=3.991, df=45, 

p=0.0001972, Table 4), but that this was driven by an increased response by nine days old 

nestlings to collared flycatcher song (t=2.078, df=45, p=0.04345, Table 4). There was no 

significant effect of song type when nestlings were seven days old (t=-1.284, df=45, 

p=0.20562, Table 4), or twelve days old (t=-0.163, df=45, p=0.87134, Table 4). The combined 

effect of age and song type on oxygen consumption can be seen in figure 1. 

  



Table 4. the standard error, t value and p-value for the song types, ages and the interaction of the two variables 

compared to egg and great tit song for the linear regression looking at the effect of song type and age on oxygen 

consumption, as well as the interaction between them. 

 

                              Estimate  Std. Error  t value  Pr(>|t|)    

(Intercept)                  -0.003812    0.039031   -0.098   0.92263    

song.typeCollared             0.000004    0.055199    0.000   0.99994    

song.typePied                 0.004988    0.055199    0.090   0.92840    

ageday 12                     0.113242    0.063738    1.777   0.08238 .  

ageday 4                      0.023982    0.052849    0.454   0.65216    

ageday 7                      0.194617    0.058547    3.324   0.00177 ** 

ageday 9                      0.123480    0.055199    2.237   0.03028 *  

song.typeCollared: 

ageday 12  

-0.014096    0.086546   -0.163   0.87134    

song.typePied: 

ageday 12       

0.207692    0.114905    1.808   0.07737 .  

song.typeCollared: 

ageday 4    

0.026980    0.076419    0.353   0.72570    

song.typePied: 

ageday 4        

0.038044    0.074739    0.509   0.61323    

song.typeCollared: 

ageday 7   

-0.103339    0.080465   -1.284   0.20562    

song.typePied: 

ageday 7        

0.011772    0.093594    0.126   0.90047    

song.typeCollared: 

ageday 9    

0.175201    0.084317    2.078   0.04345 *  

song.typePied: 

ageday 9       

-0.117086    0.110397   -1.061   0.29454    



 

 

Figure 1. Oxygen consumption for collared flycatcher nestlings at the ages egg (approximately 2 days before 

hatching), 4 days, 7 days, 9 days and 12 days when they hear bird song. The bird songs used in the experiment were 

collared flycatcher song (red boxes), great tit song (green) and pied flycatcher song (blue) 

Discussion 

Here, I have shown that nestling collared flycatchers react to bird song as early as seven days 

after hatching, but I found little evidence that four days old or eggs respond to song. 

Additionally, I did not find clear evidence of nestling ability to distinguish between bird 

songs. When collared flycatcher nestlings were nine days old, they responded more to 

collared song, but seven days old and twelve days old nestlings responded as much or more to 

pied flycatcher or great tit song. The high response to non-conspecific song could be because 

the sampled chicks responded to all song due to invisible fractions, which I will discuss more 

in detail below. I had expected to see the highest difference in metabolic rate for collared song 

in nestlings at the age of twelve days, indicating that they can distinguish between their own 

species song and that of another species, but instead twelve days old nestlings had the largest 

response to pied flycatcher song. But the low change in oxygen consumption for twelve days 

old chicks when they hear conspecific song could mean that they calm down instead of 

getting excited, which would be a response that would be difficult to measure with this 

method. In studies on male field sparrows, it was shown that they only respond to conspecific 

song and ignored non-conspecific song (Goldman, 1973). A big difference between that study 

and mine is that I was working with nestlings and the high reaction to both pied flycatcher and 

great tit song could be because the nestlings have not yet learned to completely distinguish 

between different songs.  



Usually it is said that young birds have a sensitive period for learning conspecific song 

through the help of tutors (Bolhuis and Moorman, 2015; Nelson, 2000). However, if young 

birds are capable of reacting to song as early as seven days after hatching it would mean that 

the learning period, as well as the period in which they start to build a template for their song, 

is much earlier. This could mean that if the nestlings are in an area with few conspecific 

individuals and a large amount of heterospecific neighbours, they could memorize the wrong 

template for their song and learn from a heterospecific tutor instead of a conspecific. This 

could lead to hybridization with a heterospecific mate if nestlings imprint on the wrong song 

(Panhuis et al., 2001) which would lower it’s fitness by raising sterile, or close to sterile, 

chicks.   

The nestlings showed a clear effect of playback order, with no significant reaction to the 

second song. This order effect was also shown for golden-crowned nestlings in a study by 

Shizuka (2014). He found that there was non-independence between the first and the second 

trial, that the chicks who responded to the first trial were more likely to respond to the second. 

The same could have happened in this study. The reaction was measured as the difference 

between the silent period before the song and the period of song. The reason I did not find a 

reaction in the second trial could be because they never calmed down in the second silent 

period. For future studies it could be good to have a longer silent period between the two song 

trials.  

Environmental factors like cold temperatures and high rainfall could also affect the nestling 

response to song that I found. During the field season there were a few days with low 

temperature and high rain fall, this may have made it harder for the parents to find food 

(Johnson and Best, 1982). During this period, many nestlings died either of starvation or 

freezing to death (pers obs). Perhaps the nestlings were more desperate for food and as a 

reaction they responded to any kind of bird song. In a study on white-crowned sparrow 

nestlings, it has been shown that nestlings are highly stress resistant up to six days but not 

after that (Wada et al., 2007). This period of cold weather and high nestling mortality could 

also affect the sampling bias of the trials. If half of the nestlings died, this would affect how 

biased the sampling would be and the quality of the surviving nestlings could have an effect 

on the results (i.e. the invisible fraction). This means that natural selection on this trait prior to 

my sampling could lead to a bias in the data that I collected. Specifically, if nestlings who 

react to song were more likely to survive to seven days age, I might not have captured all of 

the initial variation in this trait (Bennington and McGraw, 1995; Sinervo and McAdam, 

2008).  

In conclusion, this study shows that there is a clear response to bird song from the age of 

seven days and older, although I did not find that nestlings are able to distinguish between 

conspecific song and heterospecific song. Here, I have shown that metabolic rate is a suitable 

metric for measuring response to song in nestlings, when they are too young for behavioral 

traits, although it is not entirely clear what a higher metabolic rate indicates. Further studies 

on this could show the connection between metabolism and behavior, which could explain the 

difference in reaction between the ages. 
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