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Abstract 
 
 
Speciation can be seen as the establishment of reproductive barriers among species. 
Hybrid zones provide us with an ideal situation to study the process of speciation 
because the evolution of reproductive isolation is still in progress. Hybrids usually 
suffer reduced fitness (i.e. leading to post-zygotic isolation) although they may have 
higher or similar fitness as the parental species in some cases. In this paper, we want 
to investigate the fitness of hybrids in terms of nestling growth compared with the 
parental species. Pied flycatcher (Ficedula hypoleuca) and collared flycatchers (F. 
albicollis) are two closely related passerine species. The natural hybrid zones of these 
two species include central and eastern Europe and two Swedish islands in the Baltic, 
Gotland and Öland. Populations of collared and pied flycatchers on the two Swedish 
islands have been well studied during the last two decades. In this study, we raised 
some offspring hybrids of pied and collared flycatchers and swapped them into the 
natural nests of the parental species. Begging behaviours of offsprings were recorded 
and analyzed. Results showed that nestling collared flycatchers begged more 
intensively than F1 hybrids (p = 0.0293) and nestlings of pied flycatcher tended to beg 
less intensively than F1 hybrids (p = 0.3177). The intermediate begging rate of hybrid 
offsprings between two parental individuals may indicate the intermediate offspring 
need and growth potential of hybrids. Moreover, long-term data showed that 
heterospecific pairs of female collared and male pied flycatchers had intermediate 
fitness sensitivity to the seasonal changes of environment. In addition, hybrids’ lower 
begging intensity compared with collared nestlings’ may help the collared mothers to 
reduce the cost of hybridization when the mothers have pure collared nestlings sired 
by conspecific extra-pair males in the same brood. Our conclusion is that hybrids of 
collared and pied flycatchers fall between their parental species in terms of nestling 
growth and begging behaviour, which in turn influence their relative fitness in 
different environments.  
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1. Introduction 
 
How does speciation occur? Why don’t two new species interbreed with each other? 
What prevent the newly formed species from being out-competed by the old ones? 
These fundamental questions are difficult to answer due to the large time scale needed 
for speciation. For sexually reproducing organisms, the establishment of reproductive 
barriers between populations is crucial for speciation. Reproductive barriers are 
usually divided into pre-zygotic and post-zygotic barriers. Pre-zygotic isolation occurs 
before zygote forms while post-zygotic isolation occurs after individuals from two 
different species mate and produce zygotes. Although pre-zygotic isolation is 
generally thought to evolve faster than post-zygotic isolation in speciation, 
post-zygotic isolation is still important for many reasons. For example, post-zygotic 
isolation may result in reinforcement (Coyne & Orr, 2004). Cost of hybridization is 
one of the most important questions in speciation. 
 
Natural hybrid zones are the geological regions where two closely related species 
meet each other and interbreed occasionally. Through natural hybrid zones, it is easy 
to investigate the final stages of speciation. This is because the study of the pairs of 
closely related species can help us to understand the types of reproductive barriers 
which are important for speciation. In general, hybrid zones provide a tool to study 
the conditions which favour the evolution of new species and test the predictions of 
theoretical models of speciation in natural conditions (Wiley, 2006).  
 
Hybridization is rare in nature, but is quite common in some species, such as frogs 
(Sumida & Ishihara, 1997), butterflies (Turner, 1971) and fish (Billington & Hebert, 
1991). As expected, the possibility of hybridization is higher when two species are 
more closely related (Mayr, 1942). Furthermore, when time of sympatry is short, 
hybridization is expected to happen. According to the theory of reinforcement, when 
fitness of hybrids is reduced, natural selection may favour those traits that can 
strengthen the reproductive barriers between species (Dobzhansky, 1937, 1940). 
Because natural hybridization rarely occurs and it is difficult to measure fitness in 
natural conditions, most of the studies have to use domesticated or laboratory species 
(Rhymer & Simberloff, 1996; Mallet, 2005). However, investigating the causes and 
results of natural hybridization may provide important information about the role of 
hybridization in local distinction and the mechanism behind the evolution of 
reproductive isolation (Svedin, 2006).  
 
Species are defined when gene flow is small enough to keep populations distinct from 
each other (Coyne & Orr, 2004). When hybridization does happen, gene flow resulted 
from hybridization would finally lead to the break down of reproductive barrier and 
make two species into one, unless there is severe post-zygotic reproductive isolation 
such as hybrid sterility (Felsenstein, 1981). On the other hand, when severe 
post-zygotic reproductive isolation exists, individuals would evolve to mate with the 
ones from their own species only, which is also known as reinforcement (Dobzhansky, 
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1937; Blair, 1955) and this finally reduces the frequency of hybridization. Hybrid 
zones don’t exist for a long time, but it is because of this nature, hybrid zones become 
an ideal site for us to study how speciation occurs or fails.   
 
Pied flycatchers (Ficedula hypoleuca) and collared flycatchers (F. albicollis) are two 
closely related species and were well studied during the last two decades. Their 
natural hybrid zones include two Baltic islands off the Swedish eastern coast, Gotland 
and Öland (Alatalo et al. 1990a). Previous studies have shown that pied and collared 
flycatcher differ in their reproductive strategy and in sensitivity to harsh environment. 
Collared flycatchers are more competitive and dominant compared with pied 
flycatchers, however, collared flycatchers are more sensitive to environmental change 
while pied flycatchers can well tolerate harsh conditions (Qvarnström et al., 2005). 
The nestling begging intensity of collared flycatcher is relatively stronger than pied 
flycatcher. The difference in offspring begging intensity is not the consequence of the 
difference in the parent-offspring conflict, but honestly indicates the difference in 
offspring need between the two species. As the breeding season progresses, the 
difference in offspring begging intensity even expands, consistent with that fact that 
collared nestlings are more intolerable when food is in shortage during the later part 
of the season (Qvarnström et al., 2007). Thus, nestling fitness of collared and pied 
flycatchers response differently to environmental change. The central question then 
becomes whether nestlings of hybrids fall between the parental species in terms of 
nestling growth and begging behaviour, which in turn influence their relative fitness 
in different environments. 
 
In this study, we performed a partial cross-fostering experiment of young between 
conspecific flycatcher pairs (C×C or P×P) and heterospecific pairs (P×C or C×P) to 
investigate the different nestling growth strategies and try to estimate the fitness of 
hybrids in this term. We also used long-term data from the populations of collared and 
pied flycatchers on Öland to investigate the fitness response of different types of 
flycatcher pairs (C×C, C×P, P×C and P×P) to the timing of breeding.   
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2. Materials and Method 
 
2.1. Study system 
 
Pied and collared flycatchers are both small short-lived migratory passerine birds and 
are closely related. They might have been separated in different glacial refuges since 
the Pleistocene and expand their breeding areas northward (Sætre, et al, 2001). Today, 
they co-occur and sometimes hybridize in central and eastern Europe and two 
Swedish islands in the Baltic, Gotland (57°10’ N, 18°20’ E) and Öland (57°10’ N, 
16°58’ E) (Alatalo et al. 1990a). The Baltic hybrid zone is relatively young as two 
species have met each other for about 100 years only (Lundberg & Alatalo, 1992).  
 
Collared and pied flycatchers breed in mixed and deciduous forests in Europe and 
winter in sub-Saharan Africa. They arrive at the breeding areas in late April or early 
May (Alatalo et al., 1994; Qvarnström, 1997). Their breeding season lasts until mid 
July. Males arrive about 1 week earlier than females (Pärt & Gustafsson, 1989). They 
occupy breeding sites and defend aggressively. Females visit several males or 
territories before they choose their mates after arriving (Dale & Slagsvold, 1996). 
Females usually lay 5 to 7 eggs and incubate alone. Both parents feed nestlings. One 
brood is produced for each pair every year. Monogamy is common, but previous 
researches have shown that at least 9% of males have extra pairs (Gusstafsson & 
Qvarnström, 2006) and about 15% of nestlings are not reproduced by the foster father 
(Sheldon & Ellegren, 1999). 
 
Female is the choosy sex in both species. Previous studies have demonstrated that 
females prefer the males of their own species (Sætre et al. 1997). Males do not appear 
to be able to distinguish females of the two species and are not selective when they 
display (Dale & Slagsvold, 1994; Sætre et al. 1997). Plumage is the important cue for 
mate choice but the different songs also help.  
 
The flycatcher populations on Öland and Gotland have been studied for over 25 years. 
Densities of the two species on these islands are severely skewed to collared 
flycatcher. The acceptance of nest boxes of flycatchers makes them easy for field 
study. On Gotland, nest box areas have been established since the 1980’s and about 
3000 boxes are set up. On Öland, nest boxes areas were established during 1981-1985 
and 2001-2007. The number of nest boxes on Öland has reached 2500 approximately 
(Svedin, 2006).  
 
Pied and collared flycatchers have strong pre-mate reproductive barrier. On Öland and 
Gotland, heterospecific pairs only consist of 5.1% and 2.4% of the study population 
respectively. Hybridization is rare but when it does happen, it produces largely unfit 
F1 hybrids. Hybrid females are sterile and hybrid males’ fitness is reduced (Alatalo et 
al., 1990a; Gelter et al., 1992; Veen et al., 2001). Post-zygotic reproductive barriers 
are mostly intrinsic in female hybrids but in males they are expressed as the 
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incapability to compete with parental species for mate or the inviability of sperms 
(Svedin, 2006).   
 
Although hybrids have decreased fitness, one study has found that hybridization is 
sometimes adaptive. Female collared flycatchers can reduce the cost of hybridization 
by mating polyandrously with extra-pair conspecific males as well as having more 
sons than daughters. Besides, heterospecific pairs produce more fledgelings than 
conspecific pairs in the later part of the breeding seasons when food is limited, which 
indicates that copulating with pied males is adaptive for the late-arriving female 
collared flycatchers (Veen et al., 2001). 
 
 
2.2. Method 
 
2.2.1. Collecting data on life-history traits 
 
The breeding season started at the end of April as usual on Öland in 2007. We 
collected data throughout the whole season (over 2 months) on pure and mixed pairs 
of pied and collared flycatchers and their offsprings. In the beginning of the season, 
we checked all the nest boxes in the nest areas at regular intervals. When nests of 
flycatchers were detected, we visited them every 3 days until eggs were found. In this 
way, we calculated the laying date and expected hatch date. The expected hatch date 
is 14 days after the laying date. Females were caught by flag traps when incubating 
the eggs in the nests. They were ringed, weighed (to nearest 0.1 g) and measured 
morphologically (e.g. wing length, patch size, tarsus length, beak length, etc.) and 
blood samples were taken. When the expected hatch date came, we checked the nests 
everyday (in some areas, we did every other day) in order to know the actual hatch 
date. Both males and females fed the nestlings after hatching and males were caught 
when nestlings were older than 5 days. Flag traps in the nests were mostly used for 
catching males but sometimes we had to use mist nets to get a few extremely 
suspicious males. Like the females, males were ringed, weighed, measured, and blood 
samples were taken. We ringed and weighed the nestlings when 6 days old and also 
took blood samples. When nestlings were 12 days old, we weighed them again and 
measured tarsus length. Clutch size, number of hatchlings and number of fledglings of 
every flycatcher nest were recorded. 
 
2.2.2. Raising heterospecific pairs and F1 hybrids 
 
Although there were naturally formed heterospecific pairs of flycatchers in the forests 
on Öland, we raised mixed pairs in the aviary in order to get a larger sample size for 
this study. We put up 10 cages on the farm on Öland and caught 8 pied males, 8 
collared females, 1 collared male, and 1 pied female. We divided them into 
heterospecific pairs and raised the different pairs in separated cages. We fed them with 
water, chicken eggs, cucumbers, and meal worms. All the 9 females laid eggs but one 

4 



of them only got unfertilized eggs which didn’t hatch at all. Clutch size, hatching date 
and number of hatchlings were recorded. Hybrid offsprings were kept in the aviary 
until they were 3 days old  
 
2.2.3. Swapping experiments 
 
When the hybrid offsprings in the aviary grew up to 3 days old, we put them to the 
nests of pure pairs in the forest with the same hatching date. However, due to the 
lateness of reproduction of these mixed pairs in the aviary, it was difficult to find the 
nests with the same hatching date as the ones in the aviary. In 3 cases, we had to use 
the nests in which nestlings were hatched one day earlier than the hybrids. Our 8 
broods of hybrids were swapped into 14 natural nests in the forest.   
 
We also got a naturally formed heterospecific pair in the forest and we exchanged half 
of the brood (3 chicks) with another natural nest of pure pairs with the same hatching 
date when nestlings were 3 days old. 
 
All the nestlings in the rearing nests were marked individually by clipping the claws 
and weighed on the day when we swapped them (3 days old). When they were 6 days 
old, they were ringed and weighed and blood samples were taken. When 12 days old, 
they were weighed again and tarsus length was measured. An early study has shown 
that there is positive correlation between mass at fledging and survival (Lindén et al., 
1992), so mass is considered as an estimate of phenotypic quality. 
 
2.2.4. Video recording of begging events 
 
We put IR-light cameras (YOKO model YK-3045B, f = 3.6 mm broad lens) into the 
rearing nests one day before we did the recording to allow the parents to get used to 
the new things in the nest boxes. Digital video cameras (JVC GR-D30) were put 
outside of the nests and connected to the IR-light cameras inside the nests. We 
recorded the behaviour of offsprings and responses of parents when nestlings were 7 - 
9 days old, which is the age when the nestlings have the highest feeding rate 
(Lundberg & Alatalo, 1992). Recordings were made for two 1 h periods on two 
different mornings. Nestlings were marked individually by water-soluble white out 
just before recording. 14 of the 16 rear nests were recorded. Two were missing either 
because all the nestlings in the rearing nest died or all the hybrids in the rearing nest 
died before we could make the recording.  
 
A digital videocassette recorder (Panasonic, DVCPRO model AJ-D230) was used to 
analyze the video tapes. 1340 feeding events were recorded overall. In every event, 
nestlings were ranked by the order of when they started to beg. That meant the first 
one that opened its mouth, ranked the first. If some nestlings begged at the same time, 
we gave them the same ranking. The ones that did not beg at all would get the last 
rank.  
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2.2.5. Statistical analysis 
 
JMP 6.0.0 was used for analyzing the data. Significance was accepted as p = 0.05. 
Mean begging rank was calculated for each nestling. We estimate the relative begging 
intensity of collared and pied flycatchers and hybrids by comparing the difference in 
their mean begging rank within a particular nest. Meanwhile, differences in weight 
between different types of nestlings before and after swapping were also examined 
within the particular nests  
 
In addition, data on life-history traits from 2002-2007 on Öland was used to reveal 
whether there is a seasonal change of reproductive success of different types of 
flycatcher pairs. Only the birds that were identified phenotypically as pure collared or 
pied flycatchers were included in the analysis. 
 
 
3. Results 
 
3.1. Nestlings’ begging intensity and growth 
 
3.1.1. Difference in mean weight before swapping 
 
A pairwise comparison between the mean weight when 3 days old of nestling collared 
flycatchers and F1 hybrids that shared the same raring nests showed that nestling 
collared flycatchers tended to be heavier than F1 hybrids when they were 3 days old, 
but not significantly. Mean weight of hybrids was 4.78 g and mean weight of nestling 
collared flycatchers was 5.35 g (p = 0.40, DF = 7, N = 8). 
 
However, when 3 rearing nests, in which original nestlings were one day older than 
the hybrids, were excluded, the difference between weight of 3-days-old nestlings of 
collared flycatchers and hybrids became smaller. In this case, mean weight of nestling 
hybrids was 4.78 g and mean weight of nestling collared flycatchers was 5.13 g (p = 
0.68, DF = 4, N = 5) 
 
When the pairwise comparison was done between nestling pied flycatchers and F1 
hybrids that were fostered in the same nests, we found that nestling hybrids tended to 
be heavier than nestlings of pied flycatcher when they were 3 days old (mean weight 
of nestling hybrids = 4.72 g, mean weight of nestling pied flycatchers = 4.12 g, p = 
0.37, DF = 6, N = 7), but still not significantly.   
         
We examined the weight of 3-day-old nestlings among pied flycatcher, collared 
flycatcher and hybrids in order to test weather there was any difference in mass before 
we did the swapping experiments. As most of the F1 hybrids were born in the aviary, 
fed regularly by parents with adequate food (mostly meal worms), we suspected that 
they might had experienced better conditions and grown better than nestlings in the 
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forest. However, the results showed that there was no significant difference in weight 
between hybrid offsprings from the aviary and pure offsprings from the forest before 
swapping.   
 
3.1.2. Difference in mean begging rank 
 
In order to compare the begging intensity among nestlings of 3 types, pairwise 
comparisons were applied between mean begging rank of nestling collared flycatchers 
and F1 hybrids with the same hatching date in the same rearing nests as well as 
between nestling pied flycatchers and F1 hybrids sharing the same rearing nests with 
the same hatching date. The results showed that the mean begging rank of hybrids 
was 3.13 and that of nestling collared flycatchers was 2.78 (p = 0.03, DF = 4, N = 5). 
We can see that nestlings of collared flycatchers begged more insensitively than F1 
hybrids and the difference was significant.  
 
On the other hand, F1 hybrids tended to be better at begging than nestlings of pied 
flycatchers, but the difference between them is not significant (mean begging rank of 
pied flycatchers = 3.21, mean begging rank of hybrids = 2.88, p = 0.31, DF = 6, N = 
5). 
 
Relative mean begging rank of nestlings of collared and pied flycatchers and their 
hybrids are calculated by assuming that the hybrids have the mean begging rank of 1 
(Fig. 1). We can see clearly that the hybrids have the intermediate begging rank 
between the parental species. 
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Fig.1. Relative mean begging rank of 3 types of nestlings. (CF: collared flycatcher, PF: pied 

flycatcher, HYB: F1 hybrids of collared and pied flycatcher) 
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One thing that should be noticed is that if we include the raring nests in which hybrids 
were one day younger than nestling collared flycatcher in our matched pair analysis, 
our results in difference of begging rank would be insignificant (mean begging rank 
of hybrids = 3.05, mean begging rank of collared flycatchers = 2.94, p = 0.1, DF = 6, 
N = 7). So it is wise to exclude these nests with nestlings of different age out of our 
analysis in the very beginning.  
 
3.1.3. Difference in mean weight after swapping 
 
Weight of nestlings of the three types when 6 and 12 days old was also tested by 
pairwise comparison. Results showed that there was no significant difference between 
them when they were 6 or 12 days old. 
 
When mean weight of 6-day-old nestling collared flycatchers and F1 hybrids sharing 
the same rearing nests were compared, we found that mean weight of collared 
flycatchers was 8.36 g and that of hybrids was 8.77 g ( p = 0.72, DF = 5, N = 6). 
When mean weight of 6-day-old nestling pied flycatchers and nestling hybrids were 
compared by pair, results showed that mean weight of pied flycatchers was 8.29 g and 
that of hybrids was 8.50 g ( p = 0.87, DF = 6, N = 7). 
 
When nestlings grew up to 12 days old, the mean weight of nestling collared 
flycatchers was 13.58 g and mean weight of hybrids sharing the same nests was 13.61 
g (p = 0.97, DF = 1, N = 2). The mean of 12-day-old nesting pied flycatchers was 
12.23 g and mean weight of nestling hybrids in the same nests was 13.57 g ( p = 0.27, 
DF = 3, N = 4)   
 
3.2. Seasonal changes in reproductive success of different types of pairs 
 
By using long-term data on Öland, we found that different types of flycatcher pairs 
respond differently to seasonal change in term of fledging success. C×C (collared 
male and collared female) pairs and C×P (collared male and pied female) pairs were 
more sensitive to the seasonal deterioration of the breeding environment while P×P 
(pure pied flycatcher pairs) seemed to tolerate the changes of environment better. The 
P×C pairs tended to have an intermediate response between pure collared and pure 
pied pairs (Fig. 2).  
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Fig. 2. Reproductive success of different types of pairs of flycatchers in relation to the timing of 
breeding. (a) male collared flycatcher × female collared flycatcher (C×C), p< 0.0001 (b) male 
collared flycatcher × female pied flycatcher (C×P), p = 0.02 (c) male pied flycatcher × female 
collared flycatcher (P×C), p = 0.48 (d) male pied flycatcher × female pied flycatcher (P×P), p = 
0.53. 
 
 
4. Discussion 
 
Our results demonstrate that F1 hybrids of collared and pied flycatchers have an 
intermediate begging intensity compared with the parental species. Hybrids have a 
higher score in begging rank than collared flycatchers, which means that collared 
flycatchers on average start to beg faster than hybrids. On the other hand, F1 hybrids 
have a lower score (but not significant) in begging rank than pied flycatchers, 
indicating that they tend to beg more intensively than pied flycatchers. As the mean 
begging rank of an individual nestling predicts how many times it is fed by parents 
and thus predicts its mass at fledging (Qvarnström et al., 2007), we expect begging 
intensity predicts a nestling’s growth. That is to say, F1 hybrids’ intermediate begging 
rate indicate their intermediate need for food and hence an intermediate growth 
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potential. 
 
Many studies have shown that hybrids often develop intermediate phenotypes which 
fall between the parental species, such as intermediate beak size, intermediate 
migration route, intermediate courtship behaviour, etc (Coyne & Orr, 2004). These 
intermediate phenotypes hinder them from finding a proper niche or attract the 
opposite sex, which reduce the fitness of hybrids eventually. How do we expect and 
the intermediate begging intensity to influence the fitness of hybrids? 
 
Hybrid offsprings often share nests with pure-bred half siblings because female 
flycatchers that socially pair with heterospecific males often engage in extra-pair 
copulations with conspecific males (Veen et al., 2001). By extension, we expect that 
nestling hybrids will have a competitive advantage when their mother is a pied 
flycatcher and their father is a collared flycatcher. However, when the mother is a 
collared flycatcher and the father is pied flycatcher, hybrid offsprings may suffer a 
growth disadvantage compared with the collared siblings sire by conspecific 
extra-pair males. In this way, female collared flycatchers, which pair socially with 
male pied flycatcher, can reduce the cost of hybridization by allocating more resource 
to pure collared offsprings. This could be added to female collared flycathers’ 
cost-reducing mechanisms of hybridization (Veen et al., 2001). 
 
The fact that our heterospecific pairs raised in aviary breed late during the season 
must be taken into consideration. Due to this lateness of production of F1 hybrids, 
most of our experiments were done near the end of the breeding season when food 
availability was low and many nestlings died before fledging. When we tried to 
compare the weight of 12-day-old nestlings between pure individuals and hybrids, we 
can only get less than half of our initial sample size. It has been shown that pied and 
collared flycatchers differ in fitness sensitivity to harsh environment (late breeding 
date). Collared flycatchers are more competitive compared with pied flycatchers but 
are more sensitive to declining environmental conditions, while pied flycatchers is 
less influenced by change of environment (Qvarnström et al., 2005). In our swapping 
experiments, we wanted to detect the relative fitness sensitivity of F1 hybrids 
compared with parental individuals, but our final sample size became too small for 
statistical analysis. 
 
However, the long-term life-history data of flycatcher populations on Öland helped us 
to disclose the difference in fitness sensitivity to the change of environment among 
pure pied and collared pairs and mixed pairs. The mixed pairs of male pied and 
female collared flycatchers tended to have an intermediate fitness sensitivity 
responded to the timing of breeding compared with pure collared and pied pairs. 
Actually, in our video recording experiments, the F1 hybrids were all sired by the 
heterospecific pairs of male pied and female collared flycatchers (We raised one 
heterospecific pair of male collared and female pied flycatcher, but their hybrid 
offsprings all died before recording). So we conclude that the hybrids sired by mixed 
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pairs of male pied and female collared flycatchers have an intermediate begging 
intensity and an intermediate environmental tolerance. 
 
Moreover, genetic analysis of the paternity of the offsprings in the rearing nests can 
assist us to test the true identity of the offsprings, which means we can find if any 
hybrid offsprings are thought to be pure individuals and included in our experiments 
by mistake. Thus, genetic analysis is appreciated if time allows.  
 
 
5. Conclusions 
 
Our conclusion is that hybrid offsprings of female collared and pied male flycatchers 
have an intermediate begging rate falling between the two parental species, which 
indicate an intermediate need of food. This intermediate begging intensity of hybrid 
offsprings may help the collared females to reduce the cost of hybridization through 
extra-pair mating with conspecific males. In addition, heterospecific pairs of female 
collared and male pied flycatchers have intermediate fitness sensitivity to the seasonal 
changes of environment. 
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