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Synthesis

CHAPTER 8



Synthesis

Hybridization has in many instances marked fitness consequences for individ-
uals engaged in a mixed-species pairing as hybrid offspring might, for example,
be less viable. The aim of this thesis is to understand the mating decisions of
female flycatchers in a hybrid zone. This is predicted to be rather complex as a
multitude of different factors affect these decisions. In the first chapter of this
thesis I have given an overview of important factors influencing mating deci-
sions in hybridizing species without focusing on one particular species pair. I
argued that due to the fact that many factors might be influential, it is important
to obtain in depth knowledge of a specific system in order to get a good under-
standing of mating decisions in a hybrid zone. I set-out to investigate several
potentially important costs and benefits which might influence the decisions of
who to mate with in a hybrid zone of the collared and pied flycatcher. In this
chapter I will review both the results from earlier studies on flycatchers and the
results presented in this thesis following the same structure as in the first
chapter. These results will be summarised in table 8.2. 

Species recognition & mate choice

Song and plumage characteristics play an important role in mate attraction and
species recognition in flycatchers (e.g. Lundberg and Alatalo 1992; Sætre et al.
1997b; Qvarnström et al. 2006b). The song is of particular importance to attract
putative mates from long distances. Once closer, plumage characteristics and
other factors like quality of the nesting location become more important. Song is
species-specific in the flycatchers, but an interesting situation is present on
Öland, namely the occurrence of so called ‘mixed-singers’ (Alatalo et al. 1990;
Haavie et al. 2004). Mixed-singers are always pied flycatchers and their song
consists of elements of both species. One of the effects of this mixed-singing is
an increased chance of ending up in a mixed-species pairing (Qvarnström et al.
2006b). The proximate mechanisms determining this apparently maladaptive
mixed-singing of pied flycatchers is unknown. One explanation is that song
copying has an advantage for pied flycatcher males on the allopatric breeding
grounds and that immigrant male pied flycatchers simply behave the same way
when ending up among collared flycatchers (Qvarnström et al. 2006b), but this
hypothesis needs to be further investigated.    

In both flycatcher species, the male’s plumage is important for conspecific
mate choice (e.g. Lundberg and Alatalo 1992; Qvarnström et al. 2000) and
species recognition (e.g. Sætre et al. 1997b). Aviary experiments performed in
the Czech Republic have shown that the two species are able to discriminate
between hetero- and conspecifics. A particularly important result of these experi-
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ments was that species recognition was especially well developed in the
sympatric breeding areas which is indicative of reinforcement (Sætre et al.
1997b). 

The relation between morphological characteristics and species recognition
is strengthened by a study showing that one-year old (second calendar year)
male collared flycatchers, of which some plumage characteristics are more
similar to pied flycatcher males, had a higher chance of hybridization (Wiley et
al. 2005). Mate choice experiments indicated that these increased hybridization
rates might at least be partly due to the plumage characteristics, especially when
the female choice was constrained. 

Earlier studies on Gotland and Öland found mixed results when analysing
the effect of  plumage colour of male pied flycatchers (which ranges from brown
to black) on their probability to hybridize; no relationship between plumage
colour and hybridization probability (Alatalo et al. 1990) and males interme-
diate in colour had a higher probability to hybridize (see Alatalo et al. 1994 for
details).

Mate choice is more straightforward to study in allopatric breeding areas
because one only needs to focus on the intraspecific fitness trade-offs. In
sympatry, however, the intraspecific mate choice decisions get entangled with
the potential of hybridization which changes the costs and benefits of mate
choice. This makes elucidating mating decisions between hybridizing species a
much more challenging task. The same characters important for female choice
between males of the same species are often also involved in species recogni-
tion. For the female, her (allopatric) mating decisions are shaped by costs and
benefits which do not include the effects of hybridization. It is not implausible
that a very good choice in allopatry results in hybridization in sympatric
breeding areas. I will illustrate this idea with an earlier found correlation
between the size of the male’s white forehead patch and his share of paternity in
collared flycatchers. Males with a small patch were shown to have a lower share
of paternity, i.e. they had more extra-pair nestlings in the brood (e.g. Sheldon
and Ellegren 1999). Now consider the case of a female collared flycatcher mated
with a male pied flycatcher who on average has a much smaller white forehead
patch compared to the collared flycatcher. In figure 8.1 I use the relation
between paternity and patch size of the social male of collared flycatcher broods
to predict the male share of paternity for a flycatcher with the mean patch size
of a pied flycatcher male (27.8 mm2, standard error of 0.8). The predicted male
share of paternity (0.51) is not dissimilar to the observed level in mixed-species
pairs with a female collared flycatcher (0.44; Veen et al. 2001). This seems an
intuitively appealing explanation for the low male share of paternity in mixed-
pairs broods with a female collared flycatcher, but it is not supported by our
plumage manipulation experiment in chapter 2. In this experiment we did not
find any effect of the experimental treatment, despite earlier studies where even
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much more restricted plumage manipulation (Qvarnström 1997) evoked a
response. On the other hand, a different study indicates that intraspecific mating
strategies might have an effect outside the range of conspecific phenotypes.
Males with a phenotype resembling a hybrid male (but genetically a collared
flycatcher) had a reduced share of paternity (Svedin 2006). Genetic incompati-
bilities are unlikely to cause this observation, as these males appear to be geneti-
cally ‘pure’, which would suggest that females change their mating strategy. 

A potentially important reason to engage in mixed-species pairings, so far
not addressed, concerns the reduction of potential costs of mate choice, such as
search time, predation risk and energy expenditure. Quantitative estimates of
such measures are very hard to obtain. Previous work on the pied flycatcher
indicated that females reduce choosiness if confronted with increased search
time (Alatalo et al. 1988a). Costs attached to choice are strongly determined by
the availability of suitable partners, and for hybridizing flycatchers a suitable
male should (under most conditions) be conspecific. Therefore, the effects of the
availability of conspecific males could, in an indirect way, provide insights in the
importance of search costs for mating decisions. Availability of conspecific mates
can vary in two ways, through the breeding season (within the breeding popula-
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Figure 8.1. The male share of paternity in 53 collared flycatcher broods (open circles) in
relation to the size of the white forehead patch of the social male. A linear regression
(solid line) illustrates the negative relation between male share of paternity and forehead
patch size. This relation is used to calculate the predicted male share of paternity for a
flycatcher male with an average forehead patch size of a male pied flycatcher (black circle
with standard errors of forehead patch size; N= 238). The predicted male share of pater-
nity calculated in this way (0.51) resembles the observed paternity in female collared
flycatcher mixed-species pairs (0.44; Veen et al. 2001)). The collared flycatcher paternity
data used were collected by Sheldon in 1994 (Sheldon and Ellegren 1999).
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tion) and between different breeding populations which I will discuss in turn.
Mate availability is assumed to decrease through the breeding season as an

increasing proportion of the potential mates will be engaged in a pair bond. The
less preferred males, either conspecific or heterospecific males, might be the only
ones remaining offering the female limited choice. Females then face the decision
to extend searching (which may come at a cost) to find a male of the highest
possible quality, or accept a low quality male, which might include a heterospe-
cific one. Earlier studies found that the occurrence of mixed-species pairing
increased towards the end of the breeding season, perhaps suggesting that this
phenomena might indeed be facilitated by mate availability (Veen et al. 2001).

The relative abundance of the two species differs markedly between the
breeding population on Öland and too a lesser extent also on Gotland. Most sites
have a higher abundance of collared flycatchers, but pied flycatcher dominated
sites are present on Öland (Wiley 2006). The proportion of females engaged in a
mixed-species pairing was negatively related to the relative species abundance
of their own species. This pattern was found for both species, but was particu-
larly clear for pied flycatcher females. The proportion of pied flycatcher females
hybridizing was 0.4 in extremely collared flycatcher dominated areas and
decreased to 0.05 in extremely pied flycatcher dominated areas (based on
predicted values from a logistic regression, see paper 4 in (Wiley 2006).

The relative abundance of conspecifics appears to be a good direct predictor
for the occurrence of mixed-species pairing. However, there is no evidence that
this is an effect of increasing search costs, although this is a very plausible expla-
nation (see e.g. Wilson and Hedrick 1982). Obtaining good estimates of the
search costs for flycatchers in sympatric breeding populations could provide
important information to increase our understanding of their mating decisions.
These data will be hard to obtain but hopefully technical advances allowing
small passerines to be individually tracked will change this in the future.

Fertilisation

The experiment presented in chapter 2 was conducted in an attempt to find out
if the high level of conspecific extra-pair young and the male biased sex ratio
found in mixed-species broods (Veen et al. 2001) is the consequence of an adap-
tive female strategy or a result of incompatibilities between the species.
Unfortunately, the results are ambiguous and we cannot draw firm conclusions.
Nevertheless, it is clear that something interesting happens during this period,
as the paternity and sex ratio patterns in mixed pairs appear to be robust (a
paper reanalyzing these patterns with additional data is in preparation). Given
that we did not find much evidence for an adaptive female mating strategy, and
assuming that the plumage manipulation was perceived by the females, I believe
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it is justified to suggest that compatibility problems between the species result-
ing in, for example, conspecific sperm precedence, at least partly underlie the
paternity and sex ratio patterns found in natural mixed-species pairs. Hopefully
future research can give better insight in the relative importance of compatibility
issues and whether or not females mating strategies are adjusted when mated to
a heterospecific male.    

There might be other pre-zygotic post-copulatory costs, such as reduced
fertilisation rates of the eggs resulting in higher levels of infertile eggs in mixed-
species broods (e.g. Birkhead and Brillard 2007). If indeed heterospecific sperm
would increase the infertility rate, then this should be apparent in the hatching
success of female pied flycatcher mixed-species broods because these broods
almost entirely consisted of hybrid offspring (Veen et al. 2001). No such pattern
was found. Furthermore, mixed-species pairs with a female collared flycatcher
would be less severely or not at all affected by such cost because of the ‘normal’
fertilisation rate of the conspecific sperm.

Direct costs and benefits of mixed-species pairing

Species differ from each other and hybridizing individuals could benefit from
such differences if the two species are complementary to each other (e.g. in
diets) or provide any other benefit which would not be obtained from a conspe-
cific partner. Such a synergistic effect might underlie the differences in reproduc-
tive success between pure collared flycatcher pairs and mixed-species pairs with
a female collared flycatcher. Pure collared flycatcher broods show a steady
decline in reproductive success through the season, whereas the later breeding
mixed-species pairs showed an increasing and higher reproductive success over
the later part of the breeding season (Veen et al. 2001). Several other studies
confirmed this seasonal difference. An earlier study partially cross-fostered
nestlings of both species between broods (i.e. each brood contained nestlings of
both species) and found that pied flycatcher nestlings showed a less steep
decline through the season in mass and fledging success. Furthermore, the
results indicated that pied flycatchers were better parents at the end of the
season, for nestlings of both species (Qvarnström et al. 2005). In chapter 3 of
this thesis we used the long-term database from the Gotland breeding popula-
tion to investigate whether differences in the breeding territories per se could
cause the differences in reproductive success. To this end, the breeding territo-
ries in the database were subdivided in two groups based on whether a pied
flycatcher male had ever bred in the nest-box or not. In order to control for
species effects (e.g. different habitat use) only the reproductive success of pure
collared flycatcher broods were used (see chapter 3 for details on methods).
Also here we found a difference in reproductive success between the two terri-
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tory categories. Although the differences in reproductive success are clear and
found in several flycatcher studies (see above), an explanation for this observa-
tion was lacking. Several possible explanations have been explored and I will
discuss these in turn. 

First, the food provisioning rates may differ between the species as a result
of being adapted to different environments. In case of the flycatchers, pied
flycatchers might be adapted to work harder to be able to provide enough food
to their nestling in their relative poor allopatric breeding environment. We
compared the parental provisioning rates for the different species-pair combina-
tions but we did not find any such difference (chapter 3). 

A second possibility is that the species might differ in their diet in such a way
that nestlings of mixed-species pairs get a higher diversity or a larger quantity of
food which could increases their survival probability. An earlier study in Czech
Republic indicated that the two species have similar diets (Buresv 1995) and this
was confirmed for the hybrid zone on the Baltic islands (chapter 3). 

A third possibility is that the breeding territories differ in microhabitat,
which in turn affects the seasonal abundance of food (Veen et al. 2001). Habitat
differences between the species have been shown in the Czech Republic (Sætre
et al. 1999a) and for the Baltic islands (Alerstam et al. 1978) and this can affect
the abundance of an important food resource (caterpillars) (van Balen 1973). In
chapter 4 we present the results of a study which measured the habitat charac-
teristics of the breeding territories and determined the abundance of caterpillars
through the breeding season for six different tree species. The breeding territo-
ries of the two species consistently differed in tree species and the six tree
species differed markedly in their temporal abundance of caterpillars (essen-
tially a contrast between deciduous and coniferous species). These two results
combined predicted relatively higher food abundance in pied flycatcher territo-
ries at the end of the breeding season. Although the predicted differences were
relatively small, these results could partly underlie the differences in reproduc-
tive success between the two territory categories as found, for example, in
chapter 3, especially because this period of relatively higher food abundance
appears to coincide with the period of high food demand of the nestlings. For
mixed-species pairs with a male pied flycatcher the effect of the habitat differ-
ences might be more important. Pied flycatcher territories typically consisted of
more coniferous tree species, which is the dominant tree type in large parts of
the allopatric breeding grounds. Therefore, pied flycatchers are predicted to be
better adapted to utilising these ‘coniferous’ territory types which might result in
the higher fledging success as found by Veen et al. (2001). 

The above studies are a good start in trying to uncover the intricate interac-
tions between the species and their adaptations to the environment but we are
far from having a full understanding of these complex interactions. This
becomes apparent when one tries to link the different components, as discrepan-
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cies then become apparent. For example, the predicted differences in relative
food abundance at the end of the season have only been studied for caterpillars.
In the diet study (chapter 3) we find that the diet composition of the pied
flycatcher changes through the season in such a way that caterpillars decrease in
the diet. This appears to conflict with our suggestions that the increase of cater-
pillar abundance late in the season is beneficial for the pied flycatcher. One
explanation is that the way we measured diet, the number of prey items, does
not properly reflect the biomass provided to the nestlings. The relation between
number of caterpillars and the total biomass they represent is unlikely to be the
same through the season.

As stated above, the differences in adaptation to the allopatric breeding
grounds of the two species might potentially play an important role. To fully
understand the potential importance of such effects, the different species and
the different breeding locations should all be combined in one framework.
Important aspects to be elucidated are to what extent the species are adapted to
the sympatric breeding area and how this affects the interactions between the
two species? This sort of large scale approach might well take our under-
standing of the system to a new level, but this obviously requires a lot of effort.

The important take home message is that it is not at all straightforward to
get good quantitative measures of the potential direct costs and benefits, that
the mechanisms underlying the fitness trade-offs might be correlated and
furthermore context dependent. The long-term database of the Gotland popula-
tion proved to be crucial in, firstly establishing the potential importance of the
location of the breeding territory on the reproductive success of the different
pairs. Besides using the database, it is of great importance to acquire a very
thorough knowledge of the ecology of the species if one really wants to unravel
the ecological interactions influencing the fitness of both species. My personal
impression is that the flycatcher system is one of the avian systems in which this
is well studied, but we are currently still far from thoroughly understanding it.

Hybrid viability and fecundity

Vertebrate hybrids often suffer from reduced viability and/or fertility which
obviously have a strong negative effect on the reproductive success of
hybridizing individuals. Some of these effects are relatively easy to measure, for
example infertility of eggs. Good estimates of viability are harder to obtain. In
our study, however, we could make use of the existing long-term database with
good pedigrees enabling us to quantify the viability and fertility of hybrids. We
could further make use of the possibility to genetically check the identity of indi-
viduals of unknown origin which were suspected of being hybrids (e.g. Sætre
and Moum 2000; Borge et al. 2005a). In this way more individuals could be
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included in the samples providing information on female hybrid fertility. In the
following sections I will make use of various sources of information, in partic-
ular Veen et al. (2001) and  Svedin 2006 (paper 4 of her thesis), which both
provide estimates of several components of hybrid reproductive success. I will
use data from Svedin’s thesis, which will be presented in an adapted form to
allow easy comparison with Veen et al. (2001).

Viability of hybrid flycatchers appears not to be reduced in comparison to
collared flycatchers, at least after hatching. The survival from fledging to adult-
hood did not differ between hybrids and collared flycatchers, but was lower for
pied flycatchers (chapter 5 of this thesis). The low recruitment rate of pied
flycatchers does not necessarily need to be caused by increased mortality, but
might result from higher natal dispersal of this species. It is difficult to get good
estimates of the lifespan of breeding individuals, as this is measured on the basis
of the last breeding record, which does not necessarily mean that the bird has
died. If anything, hybrid males appear to have a longer lifespan (see table 8.1).

Female hybrids might have a slightly reduced viability early in the embryonic
development which could cause the sex ratio bias in mixed-species pairs (Veen
et al. 2001). 

The situation is different with respect to fertility of the offspring. Female
hybrids are nearly always infertile (Alatalo et al. 1990; Gelter et al. 1992; Veen
et al. 2001; Svedin 2006). Males on the other hand appear to be, at least
partially, fertile. I will expand on the reproductive success of male hybrids and
not of female hybrids because, despite being viable, they contribute virtually
nothing to future generations.

The clutch size is very similar for broods attended by males of either species
or hybrids, but the proportion of eggs hatched is slightly lower for hybrids
compared to either parental species (Veen et al. 2001; see table 8.1). This might
indicate (weak) incompatibility problems between hybrid males mated with
collared or pied flycatcher females. Such incompatibility can arise from hybrid
sperm leading to reduced fertilisation rates, similarly as has been found for
heterospecific species pairs (e.g. Birkhead and Brillard 2007). Another possibility
is that ‘backcross’ embryos have a lower viability, resulting in a higher embry-
onic death rate and ultimately in less nestlings fathered by the hybrid male. 

The proportion of fledged nestlings is lower for collared flycatchers
compared to pied flycatchers and hybrids (table 8.1). The proportion of fledg-
lings which recruited to the study population differs markedly between the
species, with pied flycatcher broods recruiting significantly less (table 8.1).
Surprisingly, this is quite different from previous results, in which the recruit-
ment rates of fledglings from hybrid males was much lower compared to
collared flycatchers (Veen et al. 2001). One explanation could be that the
recruitment rates drastically increased over the last six years (as this is included
in the estimate by Svedin) but this would be surprising. This discrepancy is
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currently under investigation.
The flycatcher project on Gotland has been established in the end of the ‘70’s

and encompasses a large number of breeding pairs each season. This makes it
now possible to obtain relatively good measures of hybrid fitness, despite their
rarity. The obvious next step is to assess the fitness of future generation (e.g. the
backcrosses). The only study which has attempted this concluded that back-
crosses have an even lower fitness than hybrids (Wiley 2006), but this was
based on low sample sizes. Both the advances of molecular techniques which
will allow identifying backcrosses with a higher accuracy and additional genera-
tions added to the database in the future should make these estimates more
accurate.

Intermediate hybrid phenotype

Species are adapted to the environment they live in and have evolved optimal
phenotypes to do so. Many hybrids are phenotypically intermediate compared to
the parental species. As a consequence they will often be maladapted to their
environment, but the reverse can also be true if a hybrid inherits complementary
adaptive traits from both parents. Below we discuss two studies investigating
“extrinsic post zygotic selection” against hybrid flycatchers, dealing with the
species’ migration behaviour and their parasite resistance, respectively.

Migratory routes are often quite well defined and rigid through time. It has
been argued that deviating from such routes is suboptimal (Sutherland 1998). If
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‘species’ clutch share hatchability lifetime lifetime reproduc- lifespan
size paternity fledged recruit- tive

young ment attempts

collared 6.10 0.92 0.93 7.70 0.85 1.68 2.31

hybrid 6.16 0.37 0.85 7.23 0.99 1.54 2.79

pied 6.29 0.96 0.94 7.21 0.46 1.35 2.75

Clutch size is the number of eggs in a brood. Male share of paternity is the proportion of the
nestlings sired by the social male in a brood. Hatchability is the proportion of the clutch hatching.
Lifetime fledged young and lifetime recruitment is the total number of nestlings successfully
fledging and the total number recorded in subsequent years over an individual’s lifetime.
Reproductive attempts is the total number of times an individual is observed breeding and lifespan
is the age of an individual when it was last caught.

Table 8.1. An overview of estimates of important fitness components of male collared and
pied flycatchers and their hybrids calculated from Svedin (2006).



two hybridizing species follow distinct migratory routes, the migratory behav-
iour of hybrids might be intermediate between those of the parental species
which is predicted to lead to increased hybrid mortality (Helbig 1991a;
Sutherland 1998; Bensch et al. 1999). The collared and pied flycatchers occupy
different wintering areas in sub-Saharan Africa and are believed to follow
different migratory routes (along the east and west side of Africa, respectively).
If hybrid flycatchers would indeed follow an intermediate route, ending up at
suboptimal wintering sites, we would expect a lower recruitment rate for hybrid
fledglings at the breeding grounds. This was not the case as shown in chapter 5
of this thesis. In order to further investigate hybrid migration behaviour we
characterised the wintering grounds of the two parental species using stable
isotope signatures extracted from feathers grown in winter. We then did the
same with the hybrids which showed that their isotope signatures closely resem-
bled those of the pied flycatchers. The isotope technique does not allow us to
accurately pinpoint the geographical location where the feather moulting took
place and we therefore cannot fully exclude the possibility that they do exhibit
intermediate migratory behaviour. However, the most parsimonious explanation
is that they do indeed adopt the wintering grounds of the parental species.

An unpublished study investigated the idea that hybrids might benefit from
an increased parasite resistance compared to the parental species. The author
compared parasite infection rates and immune response to a novel antigen and
found intermediate responses for the hybrids compared to the parental species.
Later generation backcrosses between hybrids and collared flycatchers had a
stronger immune response and less high rates of parasite infection. However,
sample sizes of the latter category were very low which makes it hard to draw
any firm conclusions (Wiley 2006). 

Hybrid attractiveness

Courtship behaviour and plumage characteristics used in mate attraction differ
markedly between species. Consequently, individuals which deviate from the
established behavioural patterns or which have intermediate ornament expres-
sion might be less favoured by females. In this context, the intermediate pheno-
type of male hybrids could result in reduced mating success.  

We have investigated whether this is the case for male hybrid flycatchers by
comparing the pairing success of male hybrids with that of both parental species
(Svedin 2006). In 2005, males were caught on Öland upon arrival and before
pair formation. The males were classified into three groups: pied flycatchers,
collared flycatchers and intermediate birds. The last group consisted of ‘interme-
diate’ looking males and hybrids and they were pooled because our focus was
on the effects of sexual selection on the intermediate phenotype (and not the
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genotype). Males which were successful in acquiring a female were caught later
in the season when feeding the nestlings. The intermediate phenotype group
had roughly half of the pairing success (0.263) compared to collared (0.498)
and pied flycatchers (0.486), which was not significant owing to the small
sample size of the intermediate group (sample sizes were 19, 223 and 35,
respectively). The advantage of this method is the direct way of measuring
pairing success, but it is hard to acquire large enough sample sizes for the inter-
mediate phenotype group. This latter group should ideally be separated in
‘intermediate phenotype’ males and hybrid males as these two categories might
differ in song or other behavioural aspects which can influence the pairing
success. 

A second way of looking at the pairing success is by comparing the total
number of reproductive attempts over an individual’s life (i.e. number of times
observed breeding) of males for collared and pied flycatchers and hybrids. This
has been done by Veen et al. 2001 and the same measure can be derived from
the data presented by Svedin 2006 which includes additional years. This results
in the following average number of reproductive attempts: male collared
flycatchers 1.68, male pied flycatchers 1.40 and hybrid 1.54 which is very
similar to the average presented by Veen et al. 2001 (1.65, 1.42 and 1.58,
respectively). The pairing success can be calculated by dividing the number of
reproductive attempts by an individual’s lifespan. This is low for the hybrid
males (0.552) compared to collared flycatcher males (0.729), but this is prima-
rily due to a longer lifespan and not less reproductive attempts (table 8.1). 

The two approaches described above both indicate a lower pairing success
for hybrids per breeding season, but this does not seem to result in a reduction
of reproductive attempts through an individuals lifetime. Why hybrid males
appear to live longer remains to be elucidated.

Finding a partner is a first step in reproducing, fertilising the eggs the second
important step. Previous work has indicated that in flycatchers ‘being mated’
does not necessarily mean that you father (all) offspring. The male’s share of
paternity in broods of pure collared flycatchers depends on the phenotype of the
male (Sheldon and Ellegren 1999). Therefore, hybrid males with their interme-
diate phenotype, might loose paternity. Indeed, the proportion of extra-pair
young in broods attended by a male hybrid and a female collared flycatcher was
significant higher as compared to pure collared or pure pied flycatcher broods
(Svedin 2006). This could be either caused by females adjusting their mating
strategy in response to the male’s phenotype or, alternatively, by hybrid sperm
having a disadvantage in sperm competition. In one of the preceding sections I
already mentioned the reduced share of paternity of ‘intermediate’ males (pure
flycatcher species with an intermediate plumage) which indicates that the
females indeed might change their mating strategies. However, deficiencies in
hybrid sperm should be regarded a plausible alternative explanation. 
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Species recognition and reproductive isolation

The production of unfit hybrids is predicted to increase assortative mating,
hereby reducing the probability of interspecific pair formation, a mechanism
known as reinforcement. Reinforcement requires a tight linkage between species
specific male traits and female preferences for these traits. A major obstacle to
this is recombination, which will dissociate the linkage between trait and prefer-
ence even at low frequencies of hybridization (e.g. Felsenstein 1981).

The process of reinforcement has received a lot of attention in flycatchers as
an earlier study showed that the male trait divergence and female preferences
matches those predicted by reinforcement (Sætre et al. 1997b). The male traits
between the species are more diverged on the sympatric breeding grounds in the
Czech Republic such that collared flycatchers have larger white patches on the
forehead and the primaries and pied flycatcher are brownish instead of black in
the allopatric areas. With the use of mate choice experiments in aviaries, Sætre
and colleagues showed that female preferences for conspecifics were much
stronger in sympatry compared to allopatry (see Sætre et al. 1997b for more
details). 

Reinforcement might take place on the sympatric breeding grounds of the
flycatchers, the more fundamental question remains of how it can happen in the
first place, given the recombination problems described above. There are several
ways in which recombination could be reduced. The physical linkage of the male
trait, the female preference for this trait and the factors determining hybrid
fitness is one such way. In flycatchers the genetic determination of both the
expression of male traits used in species recognition and those underlying
hybrid incompatibilities are located on the Z chromosome (a sex chromosome)
(Sætre et al. 2003). In chapter 6 we showed with the use of the long term data-
base, field experiments and molecular techniques that females have a preference
for males of the same species as their father. This is not due to imprinting but is
passed on through the Z chromosome (in birds females are the heterogametic
sex (ZW) and therefore inherit their sole Z chromosome from their father). A
combination of physical linkage of the three components together with the fact
that it is located on the Z chromosome (which has reduced recombination rates
(Sætre et al. 2003)) severely reduces the negative effects of recombination in
flycatchers. 

The reduced recombination rates, together with the female preference and
male plumage divergence patterns, as predicted by the reinforcement theory
(Sætre et al. 1997b), strengthen the idea that reinforcement took (or takes)
place in flycatchers.

The Ficedula flycatchers are often considered to be one of the most
convincing examples for reinforcement in nature, but the situation might not be
as clear-cut as sometimes suggested.  
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First, previous studies found an effect of the plumage colour of the males on
the intensity of interspecific competition. The idea is that brown males of the
competitively subordinate pied flycatcher resemble female flycatchers more
closely. As a result, these males receive less intense aggression from collared
flycatcher males compared to darker pied flycatcher males; so called ‘female
mimicry’ (Sætre et al. 1993; Alatalo et al. 1994). Selection is therefore predicted
to increase the frequency of brown coloured male pied flycatchers in the popula-
tion on the sympatric breeding grounds. This avoidance of interspecific competi-
tion will increase trait differences between the species which facilitates species
recognition. Note that the brown colour is not the only trait which diverged
between sympatric and allopatric populations, so female mimicry is unlikely to
be the sole explanation for the character displacement patterns found (e.g.
Sætre et al. 1997b). Female mimicry to avoid competition and reinforcement
driven by the reduced hybrid fitness are both predicted to decrease hybridization
rates and could therefore work synergistically.

Second, the divergence of plumage traits as found in the Czech Republic
does not appear to be present in the hybrid zone in Russia (V. G. Grinkov pers.
comm.). In this part of the distribution of the pied flycatcher, the colour of
males gradually declines from very dark in the north to more brown towards the
south. There appears however to be no larger divergence in the sympatric
breeding areas. This indicates that other selective forces may influence the
colour of males, which is currently under investigation. This observation
suggests that if reinforcement is acting in a hybrid zone, it does not necessarily
need to do so over its entire geographical range. 

Limitations of this study

In this next section I would like to highlight and discuss some choices and
assumptions made in this thesis.

My aim is to understand the mating decisions in a hybrid zone, but an
important part of my work presented focuses on the female side of these deci-
sions. Obviously, a pair consists of individuals of both sexes and therefore both
sexes should be included if one wants to fully understand the mating process.
Males engaged in a mixed-species pair suffer equally high or at times even
higher costs compared to females (male pied flycatchers mated to a female
collared flycatcher only father a small proportion of the brood). Although males
might be the less choosy sex in intraspecific mate choice decisions, this does not
mean that the same holds when confronted with a partner of a different species
(because the costs of ending up with a heterospecific female can be very large).
I believe that the approach taken in this thesis by first focussing on the choosy
sex is a good one, but I feel that with our current knowledge of the system it is
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important to now focus on the male side of the story. This furthermore opens
the possibilities to study the interactions between the sexes. Considering the
context dependence of many of the costs and benefits, as described in this
thesis, unravelling the male mating decisions and especially the interaction
between the sexes, might be challenging.

For the empirical work we made use of flycatcher populations breeding in
nest-boxes. However, the use of nest-boxes might affect the behaviour
flycatchers in relation to the questions addressed in this thesis. The estimates of
the reproductive success might have been affected by nest-boxes as shown in
earlier studies (Mitrus 2003; Purcell et al. 1997) and the results obtained might
therefore not accurately reflect the natural situation (natural cavity breeding
population). Furthermore, the availability of nesting sites might have been artifi-
cially changed, which could lead to unnaturally high densities of breeding pairs,
potentially affecting competition both within and between species. Earlier
studies emphasized the importance of differences in competitive strength
between the species over breeding territories, but this might strongly depend on
the availability of nesting sites. If there is a surplus of nest-boxes, pied flycatchers
might breed at places where they would have otherwise been outcompeted by
collared flycatchers and excluded from breeding. One way to quantify such a
potential effect would be to experimentally alter the relative abundance of nest-
boxes and record the effect this has on the abundance of each species. 

Synopsis

Despite the fact that the species recognition abilities of the two flycatcher
species seem to be well developed, heterospecific pair formation does occur in
the face of reduced fitness of hybrids. To understand this apparent contradiction,
one may ask the question whether the costs are indeed as high as expected. In
this thesis the costs and benefits of hybridization have been investigated, mainly
from a female perspective. 

The results presented in the preceding chapters together with earlier work
shows that a multitude of different factors may affect the reproductive success of
hybridizing flycatchers. Table 8.2 provides a summary of the results. (It has the
same structure as table 1.1 in chapter 1, which was based on literature data for
birds in general.). Our current knowledge indicates that under certain circum-
stances a mixed-species pairing might turn out to be beneficial for female collared
flycatchers. For female pied flycatchers the situation seems to be different. This is
mainly because conspecifics are rare in most breeding populations. For this
reason, pied flycatcher females do not have the possibility to benefit from high
rates of conspecific extra-pair paternity. Finally, it should be noted that males
engaging in a mixed-species pairing probably always suffer important losses.
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Synthesis headings Hybridization and fitness consequences Reference

Species recognition - plumage and age of CF males can - Wiley et al. 2005 
and mate choice affect hybridization probability

- mixed-singing of PF males can - Qvarnström et al. 2006 
- affect hybridization probability

- choosing heterospecific male - Wiley 2006 
may reduce search costs1

Fertilisation - conspecific sperm precedence increases - this thesis (chapter 2)
proportion of non-hybrid offspring

Direct costs and  - PF are better parents - Qvarnström et al. 2005
benefits of (raise more young) at end of season
mixed-species - PF territories provide more food - this thesis (chapter 4) 
pairing (caterpillars) at end of season

- diet and feeding rates of species - this thesis (chapter 3) 
are similar

Hybrid viability - no reduced viability of hybrid - e.g. Veen et al. 2001 
and fecundity males & females

- hybrid females have low fertility - e.g. Alatalo et al. 1990;
Veen et al. 2001

- hybrid males have reduced sperm - Svedin 2006 
performance2

- backcrosses have reduced - Wiley 2006 
reproductive success  

Intermediate - hybrids do not suffer increased - this thesis (chapter 5) 
hybrid phenotype winter mortality

- lifespan of hybrids is not reduced - Svedin 2006
- hybrids have an intermediate - Wiley 2006 
immune response

Hybrid - hybrids are less attractive and have - Svedin 2006 
attractiveness lower mating chance

- hybrid males may loose paternity2 - Svedin 2006 

1based on circumstantial evidence: the effect of availability of conspecifics on the probability to end
up in a mixed-species pairing.
2male hybrids father on average only 38% of the nestlings in the brood they attend. Similarly to
mixed-species broods, this could be due to a response of the female or e.g. a consequence of low
quality of hybrid sperm.

Table 8.2. A summary of the results obtained in this study, supplemented with literature
data. The table lists the various aspects of reproduction affecting the reproductive success of
hybridizing flycatchers following the same order as used in this chapter (first column).
Factors affecting the probability to hybridize and the fitness consequences are summarised
in the second column . The fitness consequences are often context dependent and may vary
between the sexes and between species. In general, fitness consequences have been
described from a female collared flycatcher’s perspective, as this has been the focus of this
study. The names of the flycatchers have been abbreviated: CF is collared flycatcher and PF
is pied flycatcher.
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