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1. Introduction and aims 
 

In the life-history of individuals, the most important variable is their genetic 

contribution to subsequent generations, that is, their fitness. There are several ways of 

measuring fitness, but in species with overlapping iteroparity the most accurate method is to 

determine lifetime reproductive success, characterized by the number of lifetime recruits 

(Brommer et al. 2004), the number of lifetime offspring that become members of the 

reproductive population. 

 

There are two main determinants of the number of lifetime recruits: lifespan and the 

annual (or seasonal) number of recruits. Although longevity or the number of breeding 

attempts may be an important determinant of LRS, a prolonged lifespan in itself is not 

sufficient to be successful, as a considerable proportion of individuals do not produce any 

recruits despite their long reproductive life, and the successful individuals also vary greatly in 

productivity. 

 

Annual reproductive success can be influenced by many variables. It is difficult to select 

the most important among them, but the morphological characteristics of individuals, their 

age, timing of reproduction and mating status may often play important roles. Age is a 

frequent subject of ecological studies. Most studies suggest that reproductive performance 

increases with age early in life (Forslund and Pärt 1995), however, in some species young 

individuals reached a higher success (Lamprecht 1990). The latter can mainly occur in species 

in which there is a significant variance in age of first reproduction, and only individuals of 

high quality are able to reproduce at a younger age. 

 

In seasonal habitats the appropriate timing of breeding can increase reproductive 

success. In birds, reproductive success declines as the season progresses. This pattern is 

interpreted as the outcome of decreasing food supply during the breeding season or 

differences in quality between early and late breeders or their territories (reviewed by 

Verhulst and Nilsson 2008). However, breeding too early may not be favourable either, as in 

early spring the amount of available food is still quite low. In this case we expect that 

breeding success will increase first and then decrease later in the breeding season, showing a 
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polynomial curve overall. Such non-linearity, however, has been investigated in only a few 

studies. 

 

In facultatively polygynous species, males can also increase their reproductive output by 

acquiring a second female. However, in birds, the advantage of polygynous males is not so 

obvious when considering the recruitment rate of offspring to the breeding population. Males 

cannot feed two broods at the same intensity as only one brood, which results in lower 

fledging condition at least in the secondary brood of polygynous males. This reduces the 

chance of fledglings to return in following years (Lindén et al. 1992). 

 

ARS can be affected by individual characteristics such as sexually selected traits that 

can reflect individual quality. Individuals with more elaborate sexual traits often perform 

better, and females may often choose more ornamented males to acquire benefits for 

themselves and for their offspring. 

 

Mate choice usually exerts a directional selection pressure on signal traits. However, it 

also exerts directional selection on male attributes indicated by the signal trait that confer high 

fitness in the given environment. Among-individual variation in mate preferences is much less 

well studied than variation in ornaments, and this is the case in the inheritance of mating 

patterns as well. This is partly because mate preference has several often independent 

attributes that may be difficult to disentangle. Moreover, the intrinsic preferences of 

individuals may not be expressed due to environmental constraints. One of the factors that 

may influence estimates of heritability in female mate ornamentation is breeding experience. 

It makes easier for females to choose an appropriate territory, which implies that experienced 

females will have more time for mate sampling. However, experience may also facilitate 

discrimination among potential mates. 

 

 

In my dissertation I tried to explore the determinants of reproductive success (one of the 

main fitness components) of collared flycatchers. I would like to give an answer to the 

following questions: 

 

1. Which factors do determine the annual reproductive success of male collared flycatchers? I 

included several variables in the analyses: age, breeding date, body size, the size of the white 
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forehead patch and polygyny. As a previous study showed that environmental conditions was 

highly variable in our study area, and this considerably influenced the reproduction of 

flycatchers (Török et al. 2004), I also studied the effect of year quality as determined by food 

availability. Reproductive success was characterized by the number of recruits. 

 

2. Does it affect the results if I use clutch size instead of the number of recruits for 

characterizing reproductive success? Are there any differences between the variables 

influencing the number of recruits and those which relate to the number of eggs? 

 

3. What does influence the LRS of flycatcher males? I investigated the same variables than in 

the case of annual reproductive success except the age of males, which cannot be interpreted 

and breeding date, which was not repeatable within males. On the other hand, I included, 

breeding lifespan in the analyses, which is one of the main components of LRS. 

 

4. One of the factors potentially affecting reproductive success of collared flycatcher males is 

the size of their forehead patch. However, large-patched males are successful only if they are 

preferred by females to small-patched ones. We can suppose that female preference is 

heritable in the case of a signal trait, but is it true for forehead patch size of collared 

flycatchers? As the expression of mate preference may be influenced by many factors, I also 

tried to find out if breeding experience has an effect on the heritability of mate ornamentation. 

 

 

2. Materials and methods 
 

2.1 Study population and field methods 

 

Study site is located in Visegrádi Mountains, on the territory of Danube-Ipoly National 

Park to the east of Pilisszentlászló. In this area about 800 nestboxes have been placed 

periodically since 1981 in a grid system about 20-30 m apart. We used data on collared 

flycatcher, a typical insectivorous, migratory passerine of the oak-dominated forests in 

Middle-Europe. This species is ideal for long-term studies of reproductive success. It shows a 

preference for nestboxes, can easily be captured, and has high breeding site fidelity and 

considerable local recruitment rates. The white forehead patch of males is an important 
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sexually selected trait. Studies in a Swedish population showed that the size of this trait 

indicated phenotypic quality well (Gustafsson et al. 1995). In our population (although its 

importance seems to be lower) it is also an important signal trait (Hegyi et al. 2010). 

 

Nestboxes were checked multiple times a week throughout the nesting period, so 

breeding attempts were followed from nest building to fledging. Most parents were captured 

and ringed when feeding young. Nestlings were ringed after the age of eight days. The size of 

males’ forehead patch was estimated as a product of maximum height and maximum width. 

Forehead patch dimensions and tarsus length (to estimate body size) were measured with a 

calliper to the nearest 0.1 mm. The age of males was determined based on ringing data or by 

plumage colour. The collared flycatcher is predominantly monogamous, but a fraction of 

males (5.7 %) become polygynous. A male was considered polygynous if it was caught in two 

nestboxes while feeding nestlings. 

 

Years were divided into two groups (good or bad) when investigating annual 

reproductive success. This characterization was made on the basis of the availability of 

lepidopteran larvae, an important component of the nestling diet of collared flycatchers, 

estimated on the basis of caterpillar frass mass (Zandt et al. 1990). Caterpillar frass was 

collected in fifteen 0.25 m2 trays, which were emptied at three to six day intervals. Year type 

was categorized using the amount of caterpillar frass production at the study plot in the 15 

days with the highest frass mass in each year (above the average – good year, below the 

average – bad year). 

 

2.2 Statistical analyses 

 

Investigating the annual number of recruits generalized linear mixed models with 

restricted maximum likelihood parameter estimation and Poisson error were used as 

implemented in the GLIMMIX macro of SAS 9.1. Data on clutch size were analysed with 

general linear mixed models. 

Data on LRS were analysed in two generalized linear models with Poisson error and log 

link. Since the mean recruitment of offspring per breeding year (the number of lifetime 

recruits divided by the number of breeding years) could not be transformed to conform to any 

standard distribution, it was analysed using non-parametric statistics (Spearman’s rank 

correlation, Mann–Whitney U-test). All statistical tests were calculated in Statistica 5.5. The 
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breeding lifespan of a bird was defined as the number of consecutive years in which it was 

caught as a potential breeder. 

Investigating mate preference and breeding experience ASReml2 (VSN International) 

were used to fit a series of animal models. The significance of random effects was determined 

using likelihood ratio tests (LRT; comparison of full and reduced models), fixed effects were 

tested using conditional Wald F statistics. 

 

 

3. Results and discussion 
 

3.1 Breeding date 

 

Individuals breeding near the yearly median produced the highest number of 

recruits while both early and late birds were disadvantaged. In contrast, clutch size 

continuously declined during the breeding season. 

The reproductive success of early breeders is often higher than that of late breeders. 

Reasons for this include seasonally decreasing food supply, decreasing territory quality or 

decreasing time for fledglings before migration. The disadvantages of breeding too early have 

received much less attention than those of breeding too late, though harsh weather early in the 

season may be costly for breeding birds and may limit food availability for egg production. 

A polynomial seasonal trend in reproductive success can evolve for various reasons. 

First, we can suppose that there is an optimal time window when starting breeding is 

profitable. The majority of birds lay at this period, but there are always individuals that breed 

earlier or later. Second, if the environmental conditions vary between years, this may result 

alternating selection on laying date, that is, in one year it is advantageous to breed early, while 

in another year, breeding late is more rewarding. Finally, a polynomial trend can evolve if 

individuals breed in synchrony with conspecifics. However, in our case, synchronous 

breeding may be an unlikely reason, as higher density in the breeding area negatively 

influenced the hatching and fledging success of collared flycatchers (Török and Tóth 1988). 

The seasonal decline of clutch size (like that of the number of recruits) can be explained 

by changing environmental variables during the season or by the lower quality of late-

breeding birds. In contrast to the number of recruits, clutch size of early breeders is not 
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reduced by unfavourable conditions. In case of cold weather or low food supply, birds simply 

postpone their breeding or interrupt laying eggs for some days. 

 

3.2 Year-quality 

Birds had larger clutches in good years, while there was no difference in the 

number of recruits between year types. 

The difference is not surprising as during the period between egg-laying and offspring 

recruitment there can be several factors potentially influencing the number of recruits. Year 

type was categorized using the amount of caterpillar frass production in the 15 days with the 

highest frass mass, which partly overlaps the laying period of flycatchers. On the strength of 

this we can suppose that females consider the actual amount of food when laying eggs, and do 

not adjust their clutch size to the expected food availability during nestling feeding, because 

they cannot predict food abundance of that time in advance (see also Török et al. 2004). 

Recruitment probability can be influenced by nestling development and fledging condition 

(Lindén et al. 1992), which, however, can be considerably affected by weather conditions 

after egg-laying. Hence, this can also results in the lack of relationship between the number of 

recruits and year-quality. 

 

3.3 Polygyny 

Mating status had a positive effect on the number of recruits only in years with 

high food supply. Although it was positively associated with the number of lifetime 

recruits, when we corrected for lifespan, this relationship disappeared. This implies that 

polygynous males realized a higher LRS only because of their longer lifespan. 

This points out that, if polygyny is connected with lifespan, a positive relationship 

between the occurrence of polygyny and LRS may have nothing to do with the causal effect 

of polygyny on reproductive success. Our findings raise the fundamental question of whether 

it is adaptive for males to build polygynous partnerships. It is possible that polygyny is not 

adaptive at present and the net selection pressure operating on polygyny is very low. Indeed, 

as in collared flycatcher polygynous males spend most of their life monogamously, the 

potential benefits to polygynous males in terms of yearly reproductive success are expected to 

become smaller when viewed across the whole breeding lifespan. However, there was no 

difference between monogamous and polygynous collared flycatcher males in the number of 

recruits neither on a yearly level, but there was a significant interaction between year-quality 

and mating status. Polygyny was advantageous in years with high food supply, while in years 
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with low food availability the advantage of polygynous males diminished, and their success 

became similar to that of monogamous males. We can suppose that polygynous males 

produce more recruits only in years with high food availability, but males may try to become 

polygynous every year, because they cannot predict food abundance early in the breeding 

season. Certainly, polygynous males may have gained some advantage that we could not 

measure, and which may even be independent of year-quality (such as achieving extra-pair 

copulations). 

 

3.4 Breeding lifespan 

Breeding lifespan positively influenced the LRS of flycatcher males, and it was 

related to the mean number of recruits per breeding year as well. The probability of 

producing a recruit also increased with lifespan. 

In species that breed more than once, breeding lifespan is often one of the most 

important correlates of LRS. However, we also found that breeding lifespan positively 

predicted not only the number of lifetime recruits but also the mean recruitment of offspring 

per breeding year, which means that individuals with a long lifespan attained a higher LRS 

than expected from the number of their breeding bouts. The higher yearly reproductive 

performance of long-lived individuals may be explained by accumulating experience, that is, 

improving ability to raise offspring with ageing, which experience could not be reached by 

short-lived individuals. Alternatively, only birds with given genetic or phenotypic properties 

can survive to a certain age. These individuals may also better cope with the costs of 

reproduction and may attain higher success independently of their lifespan. This explanation 

may be more consistent with our results than improving experience as a large number of 

individuals produce no returning young despite breeding several times during their life. 

 

3.5 Age 

Age did not influence the number of recruits, but it was closely associated with 

clutch size: females of yearlings laid fewer eggs. 

This finding is in contrast to the usually revealed relationship that reproductive success 

increases with age (Forslund and Pärt 1995). It is possible that despite all individuals trying to 

start breeding at younger ages, only high-quality individuals succeed in doing so. This could 

be true for our flycatcher population as a significant proportion of males (60.9 %) breed first 

when they are two years old. The higher quality of yearling breeders could counterbalance the 
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higher breeding experience of older breeders, and yearlings could reach similar (or even 

higher) reproductive success than older individuals. 

The lack of age effect on annual reproductive success could also be explained if females 

compensate the inexperience of their mates when mate with a yearling male. This can appear 

as feeding more or allocating higher amounts of some beneficial compounds (nutrients, 

hormones, antibodies) to the eggs. Females can react as laying fewer eggs, which results in 

fewer fledglings but in better condition. Fledglings in good condition have higher chance to 

return to breed (Lindén et al. 1992), so difference between clutch sizes will not appear in the 

number of recruits. This explanation is supported by the result that yearling males had fewer 

eggs in their nest than adults. 

 

3.6 Forehead patch, female mate preference and breeding experience 

Forehead patch size did not affect yearly or lifetime offspring recruitment, 

moreover it did not relate to clutch size either. 

These results are in agreement with those of earlier studies performed in this population, 

suggesting that this trait is a poor indicator of phenotypic quality in our birds (Hegyi et al. 

2006). One reason of the lacking effect of forehead patch size can be that the relationship 

between this trait and reproductive success change during the breeding season or large-

patched males are successful only in certain years, but this does not appear because of 

difference in year-quality. However, we could not detect an interaction between forehead 

patch size and any other variables. It is possible that the higher reproductive success of large-

patched males can be revealed only within plots (see studies of mate preference), but we 

treated the study site as a whole. We can also assume that the advantages of large forehead 

patch may appear in extra-pair paternity, e.g. if large-patched males have more extra-pair 

recruits than small-patched males. 

 

Heritability of mate preference was quite low, and it seemed breeding experience 

did not affect its expression, while laying date and the number of eggs were strongly 

influenced by experience. Inexperienced females laid much later than experienced ones. 

Clutch size increased with both breeding experience and age. Spatial and temporal 

constraints, however, were equally important determinants of the expression of mate 

preference. 

There can be two explanations for the fact why the expression of additive genetic 

variation in mate preference did not increase with breeding experience. First, the lack of 
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experience may not constrain the expression of innate preferences. We consider this unlikely, 

as temporal constraints on mating are most likely present in the inexperienced group. The 

other explanation for the lack of experience effect is that mate forehead patch size is not a 

good preference measure. 

Mate attractiveness reflects female preferences only if females can “get what they 

want”, in nature, however, female choice is limited by many factors. These limiting factors 

include temporal changes in the ornamentation of available males, spatial patterns in male 

attractiveness, limited sampling due to competition for mates and female quality effects. In 

our population, all of these limitations seem to be present. Mate attractiveness is limited by 

temporal and spatial constraints. Available males distributed non-randomly in time and space, 

besides, if an inexperienced and an experienced female shared breeding area or year, this 

made their mate forehead patch size similar. It can be occurred that temporal and spatial 

constraints not only affect the distribution of mate forehead patch size, but may also limit the 

detectability of other, functionally independent effects on this trait. Mate ornamentation seems 

to be a poor measure of mate preferences in our population, and this makes its heritability and 

patterns with experience difficult to interpret. 
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