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1. Introduction, theoretical background 

In sexually reproducing organisms, one of the key evolutionary ecological 

questions is that the parents produce male and female offspring in a random 

ratio, or are the parents capable to produce them in a ratio that, under the 

prevailing parental and environmental conditions, provides the maximal fitness 

benefit. The latter phenomenon is called ratio adjustment, and its evolution is 

expected whenever the fitness of male and female offspring is differently 

influenced by parental or environmental quality. In songbirds (Passeriformes), a 

number of studies examined this phenomenon because their broods are excellent 

units to sample offspring sex ratios, and the reproductive success of males are 

usually more variable, than that of females, due to male-male competition, mate 

choice, extra-pair copulations and social polygyny. Morphological and 

behavioural traits of the males often predict their expected reproductive success. 

Accordingly, one can expect that brood sex ratio is related to those traits of the 

male parent that are important in terms of reproductive success and inherited by 

the offspring. At the same time, it is possible that parental or environmental 

quality influences the fitness of male and female offspring in a more direct way 

because their sensitivity to rearing conditions during development and thereby, 

their chance to reach reproductive age is different. In this case, one can expect 

that under poorer conditions, the parents produce brood sex ratios that are biased 

towards the less sensitive sex. 

The research field, despite the large number of studies, has not reached a 

conclusion so far concerning whether songbirds are capable for sex ratio 

adjustment, and if so, which variables describing parental and environmental 

quality are those that predict brood sex ratio. One reason behind this could be 

that most of the studies examines sex ratio adjustment only from the viewpoint 

of the sex-dependent future reproductive success of the offspring, and 

accordingly, considers the traits of the male parent, and even among those, 

almost exclusively the morphological traits. Furthermore, we often do not find a 

priori predictions, and not even a posteriori explanations, for the role of the male 

traits that were chosen for analysis. Conclusion making is further complicated 

by previous meta-analyses, which used different inclusion criteria, and focused 

only on the mean strength of the relationships, but not attempted to 

quantitatively explain the variation in the strength of the relationships among 

species and populations. An additional difficulty is the lack of knowledge about 

the precise mechanism of sex ratio adjustment. 
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2. Aims of the research 

In my PhD work, I was aimed to fil some of the gaps listed above. To do 

so, I used two approaches. First, based on field data, I examined whether apart 

from the morphological traits, the behavioural traits of the parents, namely the 

territorial aggression of the male parent, could play a role in sex ratio adjustment 

in the collared flycatcher (Ficedula albicollis). Furthermore, I examined what 

could drive the role of those variables that seem to be important in sex ratio 

adjustment in the species; the sex-dependent sensitivity of the offspring to the 

rearing environment or the sex-dependent future reproductive success of the 

offspring. Second, based on published data, I examined what could be the 

biological explanation for the variation in results concerning the relationship 

between the phenotype of the male parent and brood sex ratio among songbird 

species and populations. Furthermore, I gave critical discussion of a 

physiological mechanism that was recently proposed for avian sex ratio 

adjustment. I asked the following specific questions during my specific studies: 

 

Collared flycatcher 

1. Is there a relationship between the level of territorial aggression and the 

expression of morphological traits of the male parents and the sex ratio of the 

broods? 

2. Does the greater sensitivity of male offspring to the rearing 

environment manifest in terms of fitness? 

3. Does the level of territorial aggression of the males predict their 

amount of parental care? 

4. Is there a relationship between the level of territorial aggression of the 

males and their pairing success, reproductive success and survival? 

 

Songbirds 

5. Does the role of the phenotypic trait in sexual selection explain the 

strength of the relationship between the phenotype of the male parent and brood 

sex ratio? Does the frequency of extra-pair copulations explain the strength of 

the same relationship? 

6. How likely that avian sex ratio adjustment is achieved by chimeric 

embryos from a functional and an evolutionary viewpoint? 
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3. Data collection and data analysis 

 

Collared flycatcher 

Field data was collected in a nestbox-breeding population situated in the 

Duna-Ipoly National Park, in the Pilis-Visegrádi Mountains, Hungary. 

The collared flycatcher is a small, insectivorous, secondary hole-nesting, 

sexually dichromatic, migratory passerine. Males arrive to the breeding site from 

the middle of April, and immediately occupy nestboxes. Females arrive a bit 

later, and after mate choice, build the nest and incubate the eggs alone. The 

female and the male parent share the feeding of the nestlings. The species is 

usually socially monogamous, however, extra-pair young are frequent, and 

social polygyny also regularly occurs. 

We sampled the territorial aggression of males during the courtship period 

with standard resident-intruder test. The intruder was an alive, conspecific male 

placed in a wire cage. We measured the attack latency of the resident males, 

which was defined as the time (sec) elapsed between the detection of the 

intruder (re-appearance on territory) and the first intention to attack the intruder 

(touching the cage). We determined brood sex ratio with molecular methods 

from blood samples from the nestlings and embryonic tissue samples from the 

unhatched eggs. We examined the fitness consequences of the quality of the 

rearing environment by experimentally reducing (-2 nestlings; better 

environment) and enlarging (+2 nestlings, poorer environment) broods. We 

described the fitness of individuals reared in the experimental broods with their 

return probability to the breeding site, the timing and success of their first 

breeding event and their reproductive success during their whole apparent 

lifetime. We sampled the amount of parental care of males that were tested for 

aggression with video recordings, and calculated their nestling feeding rate. We 

described the paring success of males that were tested for aggression with their 

pairing probability and the time (days) elapsed between their arrival and pairing. 

We estimated the reproductive success of the same males with the number of 

their fledglings and the probability of having recruit. We estimated the survival 

of the males with their return probability in the next year. In every study, we 

measured the morphology of the individuals (tarsus length, body mass, wing 

patch size and forehead patch size), and determined their age. 

I conducted the statistical analyses in SAS and R environments. I fitted 

generalised or general linear model according to the research question. I applied 



 

5 
 

backward stepwise model simplification based on significance or model 

selection based on information criterion. 

 

Songbirds 

I conducted the literature search using the ISI Web of Knowledge search 

engine. I selected those sex ratio manipulation studies that were conducted in 

wild songbird populations, examined at least one phenotypic trait of the male 

parent and determined brood sex ratio with molecular methods. I calculated 

effect sizes from the test statistic values concerning the relationship between 

male phenotype and brood sex ratio. I was unable to sing the effect sizes 

because in case of more than half of the studies, there was no sufficient 

information available to predict the existence and direction of the relationship 

between the male phenotypic trait and brood sex ratio. Therefore, in order to 

statistically evaluate the observed mean effect sizes, I compared the observed 

mean effect sizes to the null distributions of mean effect sizes, which were 

produced by simulating the real database numerous times with the assumption of 

random sex allocation. For the variation in the observed effect sizes, I tested the 

effect of two moderator variables: The category of the male phenotypic trait 

according to whether it has or does not have proven intra- or intersexual role, 

and the frequency of extra-pair young. 

I conducted the statistical analyses in R environment. I fitted Bayesian 

Markov chain Monte Carlo multilevel meta-analyses with phylogenetic control. 
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4. Summary of results 

 

Collared flycatcher 

1. Two traits of the male parent were related to the proportion of male 

offspring in the brood; the level of territorial aggression negatively, the tarsus 

length positively. Furthermore, the proportion of male offspring declined as the 

breeding season progressed. 

2. Males reared in poorer environment realised lower lifetime 

reproductive success, than males reared in better environment, because they had 

shorter breeding lifespan and thereby, their breeding partners produced fewer 

eggs. Lifetime reproductive success of females was not influenced by the quality 

of the rearing environment. 

3. The level of territorial aggression of the male parent was not related to 

nestling feeding rate. 

4. Pairing and reproductive success of males was related to the date of 

arriving to the breeding site and the timing of breeding, and was not related to 

the level of territorial aggression. However, survival of males was related to 

their aggression in an age-dependent way; among subadult males, the more 

aggressive ones, while among adult males, the less aggressive ones returned 

with higher probability. 

 

Songbirds 

5. The observed mean effect size concerning the relationship between the 

phenotype of the male parent and brood sex ratio in the category of proven 

sexually selected traits more strongly deviated from the null distribution than the 

observed mean effect size in the category of unknown traits. The uncertainty of 

the genetic paternity of the male parent did not influence the magnitude of the 

observed effect size for the relationship between his phenotype and brood sex 

ratio. 

6. The mechanism through chimeric embryos is not likely for sex ratio 

adjustment because it could have high physiological and fitness costs. 
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5. Summary of conclusions 

 

Collared flycatcher 

The results suggest that in the Hungarian population of the collared 

flycatcher, the territorial aggression and the body size of the male parent and the 

timing of breeding play role in sex ratio adjustment. It is not likely that behind 

the relationship between the male traits and broods sex ratio there are indirect 

(genetic) benefits given that the reproductive success of males was not related to 

their territorial aggression nor to their body size. It is more likely that direct 

(material) benefits give basis for sex ratio adjustment because the lifetime 

reproductive success of males was strongly influenced by the quality of their 

rearing environment. The timing of breeding is possible to be related to the 

quality of the rearing environment given that fewer offspring fledged as the 

breeding season progressed. However, it remained unexplored how the 

aggression and the body size of the male parent is related to rearing 

environmental quality because the traits were unrelated to the nestling feeding 

rate of the male. 

 

Songbirds 

The results suggest that songbirds are capable for sex ratio adjustment; at 

least in relation to phenotypic traits of the male parent that are important in 

sexual selection. In addition, the results reveal that the apparent contradiction 

between the first  and the latter meta-analyses is due to the inconsistency in the 

way how they handled the empirical studies during inclusion. Furthermore, it is 

likely that sex ratio adjustment in relation to the phenotype of the male parent is 

driven by direct (material) benefits given that the uncertainty of inheriting the 

male phenotype and thereby, of indirect (genetic) benefits was not related to the 

presence of sex ratio adjustment. 
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