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The most fascinating feature of the Earth is the existence of life, and the most 

fascinating feature of life is its diversity. The origin of biological diversity is an 

important field of evolutionary studies. Particularly, the study of adaptive radiation 

which is an evolutionary process driven by natural selection will help us to understand 

the origin of biodiversity.  

Crossbills (Loxia spp.) are songbirds with unusual bills, which are characterized by 

the bills crossing at the tips. They are highly specialized to their food resources – 

seeds in conifer cones. The size and shape of their bills have a great influence on 

fitness through their effect on food intake. The aim of this study is to investigate 

whether and how natural selection affected the patterns of diversity observed in 

different populations of crossbills.  

On the one hand, we statistically compared neutral genetic and phenotypic 

differentiations among crossbills denoted as FST and QST respectively, in order to test 

if diversified phenotypes in different crossbill populations are best explained by 

natural selection or by a stochastic process called genetic drift. When the genetic 

divergence exceeds the phenotypic differentiation, the same appearance in different 

populations is preferred. Vice versa, when the degree of differentiation is much more 

in phenotype than genes, divergent natural selection favoring diversified phenotypes 

is implied. When the degrees of differentiation in both of them are the same, we 

cannot exclude the possibility that no selection worked on the appearance of crossbills. 

Our result revealed that mostly the diversification in bill depth and bill tip angles is 

much more than the genetic differentiation. Additionally, the use of food resource may 

result in different phenotypes in different crossbill populations.  

On the other hand, other selective forces that are unrelated to resource use may also 

cause population differentiation. For example, one study shows that parasites tend to 

infect crossbills with larger bill depth. Birds infected by the parasites which we 

studied display scales in their legs and feet leading to the disability of moving or 

foraging and finally often to the death, which suggests that parasites could affect the 

fitness of crossbills. Thus, we used statistical methods to test the relationship between 

infection by parasites and the factors of phenotypic traits, sex, age, catching month, 

and to which group classified by vocal feature the crossbills belonged). We found that 

crossbills with longer wings and tarsi were more likely to be infected by parasites. We 

also noticed that selection by mites was different among crossbills with different 

vocal features.  

Overall, we found support for the hypothesis that resource use can drive the adaptive 

radiation of crossbill morphology, but other selective forces such as parasites can 

confound evolutionary patterns. 
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