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Summary

The pied flycatcher (Ficedula hypoleuca) and the collared flycatcher (F. albicollis) are
two morphologically and ecologically similar species that live in sympatry on the Baltic
islands of Öland and Gotland. Hybrids between the two species occur, but they are less
fertile than the parent species, so it can be considered a fitness disadvantage for a
flycatcher to find a partner of the wrong species. Yet, pied flycatcher males sometimes
incorporate parts of the song of collared flycatchers into their own, a phenomenon known
as mixed singing. Mixed singing increases the risk of hybridisation by attracting collared
flycatcher females, and could therefore be maladaptive.

In this study I investigate the proximate reasons for mixed singing by using two
different approaches. The first approach is a comparison of field recordings of pied
flycatchers from different areas to see whether the relative density of collared and pied
flycatchers in an area influences the song of the pied flycatcher. The result shows that
there were significant differences between the song of pied flycatchers recorded in
different areas and that the pied flycatcher song was more similar to that of the collared
flycatcher in areas where collared flycatchers were more common.

In the second part of the study I attempted to find out if a pied flycatcher male
singing species specific song could be induced to change his song by being placed next to
a collared flycatcher in an aviary. Unfortunately, no reliable results came out of this due
to a too small sample size (only one bird could be properly recorded).

I was able to show that the relative density of two species can affect the amount of
song convergence, which in turn might have consequences for hybridisation and
reinforcement.

Introduction

Speciation can occur when two populations become separated by a geographical barrier,
such as a mountain range or a glacier. If sufficient time passes, the two populations in
allopatry will diverge so much that they will no longer be able to interbreed if they were
to meet again. This incompatibility can be due to the animals having developed different
courtship rituals or simply no longer recognising each other as potential mates
(prezygotic reproductive isolation) or because the hybrids are inviable or infertile
(postzygotic reproductive isolation). (Coyne and Orr 2004)

But what happens if two species that were once separated by a geographical
barrier come into secondary contact before they have diverged enough to show complete
reproductive isolation? There are two possible outcomes of this scenario; either the two
species fuse through hybridisation to become one single species or hybrid swarm, or
selection will lead to completion of the reproductive isolation. The first is more likely to
happen if there is no postzygotic isolation, that is, hybrids have the same fitness as the
parent species. If there is complete or partial post-zygotic isolation on the other hand,
there will be a "punishment" in fitness for any individual who chooses to mate with a
heterospecific mate. Then it can be expected that individuals who avoid interspecific
matings will have higher fitness and that this behaviour will spread in the population.
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This process, where prezygotic reproductive isolation develops or is completed because
of an already existing postzygotic reproductive isolation is called reinforcement. (Irwin
and Price 1999, Coyne and Orr 2004)

In birds, mate recognition is not always strictly genetic, but sometimes based on
imprinting on parents or other nearby birds who fit a specific model (Grant and Grant
1997). This has been shown for example by cross-fostering experiments, where eggs of
one species are transferred to the nest of another species. In such an experiment, great
tits, Parus major, who were raised by blue tits, Parus caerulens, later in life tried,
unsuccessfully, to find mates among blue tits instead of among their own species
(Slagsvold 2004). The possibility of mistakes in imprinting seems limited, however. If
the foster parents are of a species not closely related to the study species, sexual
imprinting is less likely to occur, as was shown in a similar experiment where pied
flycatchers, Ficedula hypoleuca, were raised by great and blue tits (Slagsvold 2004).
Also, in some cases the "misimprinting" seems to be achievable only in one way. In the
first example, blue tits raised by great tits did not have altered mate preferences
(Slagsvold 2004). In a similar manner, it has been shown in several bird species that
young birds raised by foster parents of a different species prefer learning song from
conspecific neighbours rather than their parents (Baptista 1996). It is therefore likely that
birds have innate, generic "templates" of how a conspecific bird should look like. If the
foster parents then look more different than the innate template allows, the young bird
will not be imprinted on its parents. Different species can then have more or less specific
innate templates, which could explain why misimprinting sometimes only occurs one
way but not the other. In a reinforcement situation, this innate template is likely to
become more specific, in order to avoid imprinting on the wrong species.

One of the most important traits that birds use for mate recognition is song, since
song characteristics often differ quite dramatically also between closely related species.
Song is an important part of the sexual imprinting process, and females often prefer
males who sing songs similar to their father (Grant and Grant 1997), a mechanism that
under normal circumstances would make sure that the females find a conspecific mate.
Yet, there are males that sing heterospecific song, or incorporate elements of other
species' songs in their own. This phenomenon, called mixed singing (Helb et al. 1985,
Eriksson 1991), should not be confused with song mimicry. Mimicking birds, such as
thrushes, mimic not only closely related bird species but also birds very different from
themselves, and in many cases, also non-bird sounds. Mixed singers on the other hand
usually incorporate the song of only one other, closely related species in their own song
(Eriksson 1991). A visual example of mixed singing is given in figure 1. The reasons for
mixed singing are not entirely known, but it has been speculated that it is a case of
maladaptive misimprinting on neighbouring birds (Helb et al. 1985). Several
experiments, however, have suggested that mixed singing might be adaptive in defending
territories against heterospecific birds with similar niches (Eriksson 1991, Baker and
Boylan 1999, Secondi et al. 2003). To distinguish between these two possible
explanations, it is important to know when the bird learns its song repertoire. Some bird
species have a "sensitive period" at a rather young age when the bird learns and
memorises songs, while birds of other species continue learning and changing their
repertoire throughout their lives (Beecher 1996, Beecher and Brenowitz 2005). If mixed
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singing is to be adaptive, the latter must be true, because then the bird must be able
customise its song to the songs of its current neighbours.

Figure 1. Comparison of sonograms depicting a collared flycatcher (top), a pied
flycatcher singing pure song (bottom) and a pied flycatcher singing a mixed song
(middle). Elements of both species' songs are included in the mixed song. (Sonograms
made in Sound Analysis Pro v1.02.)

A problem with mixed singing is that a male singing a heterospecific song risks attracting
heterospecific females (Grant and Grant 1997, Secondi et al. 2003, Qvarnström et al.
2006). If hybrids are unfit, this may be a significant drawback. How large the risk of
attracting the wrong female is depends on how different males of the two species are in
other traits, such as size or plumage, and also on how important song is for female choice
in the other species. It is reasonable to expect a female to prefer a heterospecific male that
is singing the song of her species to a heterospecific male singing his normal song. This
means that mixed singing may increase the rate of hybridisation, and thereby counteract
effects of reinforcement when two species come into secondary contact. But the mixed
singing itself is also subject to reinforcement selection, and it can be expected that mixed
singing should become less frequent the longer two species have been in contact. Indeed,
this seems to be the case in collared and pied flycatchers, since the proportion of pied
flycatchers singing a mixed song is lower in the older hybrid zone in Central Europe than
in the newer hybrid zone in Sweden (Haavie et al. 2004).

In this experiment, I will attempt to show if a bird (pied flycatcher) can learn to
become a mixed singer by copying its heterospecific neighbour (collared flycatcher) in
adult life. I will also compare pied flycatcher song from areas having different ratios of
pied to collared flycatcher densities.

Methods

Study species
The pied flycatcher, Ficedula hypoleuca, and the collared flycatcher, F. albicollis, are
two passerine sister species which are mostly allopatric, but they have two overlaps in
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their ranges; in central Europe and on the Baltic islands of Öland and Gotland. In both
these sympatric areas hybridisation occurs, although hybrids have been shown to have
strongly reduced fertility with females being completely sterile (Gelter et al. 1992).
Females of these two species are very similar in plumage characters, and it seems like
males of both species are unable to distinguish between them (Saetre et al. 1997). Males
differ both in plumage characteristics and song, and female mate choice is non-random
with regards to species (Saetre et al. 1997). However, some pied flycatchers sing a mixed
song including elements from collared flycatcher song or even sing a nearly complete
collared flycatcher song (the opposite has never been observed). On Öland and Gotland,
it seems that collared flycatcher females only pair with pied flycatchers if they are mixed
singers, giving the impression that mixed singing indeed affects the risk of hybridisation
(Qvarnström et al. 2006).

It appears that the central European populations have lived in sympatry for much
longer than the Baltic island populations; the central European hybrid zone have been
estimated to have appeared after the last Pleistocene glaciation, while the populations on
Öland and Gotland may have come into secondary contact only about 150 years ago. One
can therefore assume that if reinforcement has happened, it will have gone further in the
central European population. Pied flycatchers in central Europe have a browner plumage
colour and sing mixed songs less frequently than on Öland and Gotland, and as follows,
the hybridisation rate is also lower in central Europe. (Haavie et al. 2004)

It is generally not known why pied flycatchers sing mixed song. It has been
shown that collared flycatcher males react as strongly to pied flycatchers singing mixed
song as to conspecific males, while they tend to ignore pied flycatchers singing normal
song (Eriksson 1991, Qvarnström et al. 2006). Since the two species are very similar
ecologically and compete about the same territories, this speaks towards an adaptive
explanation to the mixed singing. On the other hand, since the pied flycatcher is thought
to be the less dominant species (Eriksson 1991), it could be argued that it risks injury by
angering collared flycatcher males. It is also not known how pied flycatchers learn their
mixed song, although one observation have been made of a single bird changing from
normal to mixed song within a season, suggesting that it is not a case of misimprinting
(Eriksson 1991).

Experimental design
On the island of Öland, Sweden, nestboxes have been put up in a number of experimental
areas with suitable breeding habitat for flycatchers. Breeding data for both species exist
for these areas from several consecutive years. In these different areas, field recordings
were made of early, yet unpaired pied flycatcher males singing in front of a nestbox.
Species determination were made on plumage characteristics, mostly at a distance,
although some birds were also caught and examined more closely. Earlier data from
Öland and Gotland show that only about 3% of pied flycatchers are local recruits
(Qvarnström et al. 2006), which means that the likelihood of any bird looking like a pied
flycatcher being a backcrossed hybrid is very low; any backcrosses are expected to look
like collared flycatchers.

All recordings were made in May, in the years 2003, 2004 and 2006. The
equipment used was a Sony MZ-N707 minidisc recorder and a microphone with a 55 cm



6

parabolic dish from Telinga, Sweden. A total of 22 birds were used in the analysis, as
well as 5 collared flycatcher males used as reference. One hybrid male was also recorded.
The recordings were then divided into three groups for analysis; group 1 (n = 6)
contained recordings from areas where there were no breeding collared flycatchers, group
2 (n = 10) contained recordings from areas where roughly half of the breeding pairs were
collared flycatchers, and group 3 (n = 5) contained recordings from areas were nearly all
of the breeding pairs were collared flycatchers. One bird was caught and put in an aviary
prior to recording, but since it had not heard any collared flycatchers during the handling,
it was included in the analysis as belonging to the area where it was caught.

The recordings were imported to a computer and converted to wave sound files
using Sound Analysis Pro v. 1.02 (O. Tchernichovski and P. P. Mitra, Columbia
University). The data files were created in WildSpectra1 (K. Wiley and R. H. Wiley,
University of North Carolina). Two to five phrases (depending on the quality of the
recording) were selected for each recording, and the resulting data for each bird is an
average of these phrases.

A principal component analysis was then made using 12 variables extracted from
WildSpectra1; these were highest dominant frequency, lowest dominant frequency,
frequency range, total number of notes, number of notes per second, average duration of
notes, average time to next note, average highest dominant frequency of notes, average
lowest dominant frequency of notes, average overall dominant frequency of notes,
average number of slopes in notes and average maximal amplitude of notes.

Finally, the PC1 scores of three groups of pied flycatchers, the collared
flycatchers and the hybrid male were compared using an ANOVA test.

Alongside this experiment, three pied flycatcher males singing normal pied
flycatcher song were caught and put into aviaries next to collared flycatcher males in
order to see if they could learn to sing collared flycatcher song. Three separate aviaries
were used, each with three compartments. The pied flycatcher and the collared flycatcher
were in different compartments, but shared a nestbox with two entrances and a mesh
divider inside. The pied flycatcher also had access to another nestbox in the other end of
the compartment, so he could choose if he wanted to defend the shared nestbox or avoid
conflict altogether. The pied flycatchers were let into the aviary several days before the
collared flycatcher, so they would have the chance to "establish their territory" first. The
pied flycatchers were recorded prior to the release of the collared flycatcher, and then all
birds were kept in the aviaries for several weeks.

Results

The first principal component (PC1) and second principal component (PC2) explained
36.5% and 33.2%, respectively, of the total variation in the song variables extracted from
21 recordings of male pied flycatchers, 5 recordings of male collared flycatchers and one
recording of a hybrid male.

The average PC1 scores for the five different groups are shown in Figure 2. The
PC1 scores show significant differences between  groups (ANOVA, F4, 22 = 8.06, P =
0.0004).
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Figure 2. Average PC1 score for the three groups of pied flycatchers, the collared
flycatchers and the hybrid male.

No useful results came out of the aviary experiment, due to the birds not singing
properly in the aviaries. The pied flycatchers did not vocalise either in the presence or
absense of a female. Only one of the birds, an adult pied flycatcher male from an area
where both pied and collared flycatchers breed (group 2), sang clearly enough to be
recorded. This bird kept a pure pied flycatcher song throughout the experiment. The same
bird later bred in the aviary with a collared flycatcher female. It could also be remarked
that the collared flycatchers in the experiment (although not recorded) did not seem to
change their song during the experiment despite exposure to pied flycatcher song.

Discussion

When listening to the samples, I could by ear sort out a number of mixed singers in the
pied flycatcher groups. Going by number of mixed singers alone (1 of 6 in group 1,  1 of
10 in group 2 and 3 of 5 in group 3), it would be expected that group 3 would be closer to
the collared flycatcher group for most variables.

This can also explain why only small differences were found between group 1 and
group 2. However, the number of mixed singers in these two groups are perhaps not
representative for the respective areas. Mixed singing seems to be more common in the
areas where the group 2 samples were taken from (in fact, I had another mixed singer
from this area recorded, but this recording could not be used in the analysis due to bad
quality). The areas where group 1 samples were taken from do not usually contain mixed
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singers, since no collared flycatchers breed there, but it is not impossible that the one
mixed singer that was found in my sample had immigrated from a nearby area where
collared flycatchers do breed. In retrospect, it might have been a wise idea to use
mainland pied flycatchers (which are extremely unlikely to have been born in an area
where collared flycatchers breed) as group 1.

From these data it is obvious that the pied flycatchers in group 3 sing differently
from other pied flycatchers, and comparatively more like collared flycatchers. This group
also had by far the largest proportion of mixed singers, 3/5 (in this case all available
recordings were used, and this figure does not seem to contradict field experience). One
can therefore conclude that the relative density of pied and collared flycatchers does
indeed affect the song of pied flycatchers.

As stated in the introduction, the occurrence of mixed singing in pied flycatchers
seems to influence the rate of hybridisation between the two species. This hybridisation is
assymmetrical, with more pied flycatcher females being involved in heterospecific pairs,
perhaps because they are less able to discriminate between males of the two species than
are collared flycatcher females. This assymmetry has been shown to be largest when pied
flycatchers are more common and decrease the more rare pied flycatchers are compared
to collared flycatchers. (Wiley, C., Svedin, N., Weissing, F. J. and Qvarnström, A.
Unpublished manuscript.) A possible reason why this pattern is seen, suggested by Wiley
et al., could be that the superior species discriminatory ability of collared flycatcher
females is based mostly on song. As my study shows, song becomes a more unreliable
trait for species determination in areas of low pied flycatcher densities, and it is thus
reasonable to expect that hybridisation involving collared flycatcher females will be more
common in such areas. This hypothesis is further supported by the study by Qvarnström
et al. (2006), which shows that collared flycatcher females only pair with a pied
flycatcher male if he sings a mixed song.

The reason for the mixed singing cannot be concluded from this study, since both
a maladaptive misimprinting in early life and an adaptive learning in adult life in order to
defend territories against heterospecific neighbours are possible explanations for the
higher frequency of mixed singers in the areas where the pied flycatcher is the rarer
species. That the single bird that could be recorded in the aviary experiment kept his song
throughout the season might indicate either that adult learning is not possible or that not
all pied flycatchers will become mixed singers through interaction with collared
flycatchers. Speaking against the first assumption is the fact that one observation has
been made of a pied flycatcher switching from pure to mixed song (Qvarnström et al.
2006). The second assumption, that not all pied flycatchers have the ability or propensity
to become mixed singers, seems more likely since it would also explain why some pied
flycatchers remain pure singers even in areas of high collared flycatcher density.

That the collared flycatchers used in the experiment did not change their song is
not surprising, since no observations have been made of collared flycatchers singing
mixed song. One possible reason for this might be that the collared flycatcher population
of Öland is likely to originate from the Central European population, which has lived in
sympatry with pied flycatchers for a long time (Haavie et al. 2004). Reinforcement might
then have acted on the song learning template of the birds so that they no longer learn
song from heterospecific individuals. The pied flycatchers on Öland on the other hand are
usually immigrants from the mainland population (Qvarnström et al. 2006), which has no
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contact with collared flycatchers and therefore is not affected by any reinforcement
pressure.

In a reinforcement situation, one would expect a divergence of traits used in
species recognition in order to avoid hybridisation. What this study shows is instead a
convergence of such a trait, which consequently means that hybridisation is increased
instead of decreased. If there was no post-zygotic isolation, the consequences of song
convergence could be the gradual fusion of species in the hybrid zone.

In species where hybrids are unfit, like in collared and pied flycatchers, song
convergence will not have the same effect, unless the post-zygotic isolation would be
relaxed through gene flow between the species, which is extremely unlikely. Song
convergence will, however, delay the reinforcement process. One could even argue that
song convergence in this case will have negative fitness consequences for both
populations, since it would increase the number of unfit offspring.

If song convergence is unidirectional and only occurs when a species is
comparatively rare, however, it might not necessarily mean a fitness decrease for the
rarer species. It might be that it is actually better for a male of the rarer species to mate
with a female of the wrong species and get at least some fit offspring than risk not finding
a mate at all (eg. Grant and Grant 1997). It could also be that being able to defend a
territory against interspecific competitors outweighs the risk of hybridisation in such a
situation (Eriksson 1991). Therefore, song convergence might not only delay, but perhaps
totally reduce reinforcement pressure in this situation. However, the common species will
still benefit from avoiding interspecific matings, so a one-sided reinforcement could still
occur.

In conclusion, this study shows that the relative density of two oscine bird species
in secondary contact can affect the amount of song convergence. Since song convergence
increases the risk of hybridisation, this has to be taken into account when assessing the
reinforcement pressure on such species.
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