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Digest: Climate change and agricultural intensification influence the strength and 1 

direction of natural selection in tree swallows 2 

 3 

Abstract 4 

How does environmental heterogeneity affect natural selection on tree swallow nestlings? 5 

Houle et al. (2020) show that more precipitation and higher temperatures result in stronger 6 

selection on body mass and wing length and that agricultural intensity can affect the direction 7 

of selection. These findings raise the question of how genetic diversity changes under strong 8 

selection pressures, which will be especially important under ongoing agriculture 9 

intensification and climate change. 10 

 11 

Main Text 12 

Natural selection can not only affect the means of quantitative traits (i.e. linear selection), but 13 

also the shapes of their distributions (i.e. non-linear selection). To gain a complete picture of 14 

selection dynamics, it is important to consider both linear and non-linear selection 15 

components by using the classical framework by Arnold and Lande (1983), which allows one 16 

to estimate linear and nonlinear selection in two separate regression analyses. In addition, 17 

local environmental conditions can influence the evolutionary response to selection and 18 

should thus be taken into account (Siepielski et al. 2013). 19 

 20 

In this issue, Houle et al. (2020) quantify selection pressures on 12-day-old tree swallow 21 

(Tachycineta bicolor) nestlings while considering local environmental conditions. The authors 22 

assessed the influence of several climatic variables, including temperature and rainfall, and 23 

the intensity of agriculture on the linear and non-linear selection components. In general, body 24 

mass and wing length were under positive selection in tree swallow nestlings. In other words, 25 

birds with larger body mass and longer wings were more likely to fledge. Local weather 26 

conditions did not affect the direction of selection, but did influence the strength of selection. 27 

Smaller nestlings were more vulnerable to rainy conditions and higher temperatures compared 28 

to larger ones, resulting in stronger selection pressures in hot and wet conditions. Hence, 29 

climatic variables mainly affected the linear component of selection (i.e. a change in the mean 30 

values of traits). In contrast, the level of agricultural intensity significantly influenced the non-31 

linear component of selection: overall, larger birds with longer wings were more likely to 32 

survive in extensively cultivated areas. 33 

 34 
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These findings illustrate the importance of taking into account multiple environmental 35 

variables when quantifying selection pressures. Moreover, the environmental variables 36 

considered in this study are expected to become increasingly important due to ongoing 37 

climate change and continuing intensification of agriculture. This study focused only on 38 

certain morphological traits, raising the question of how changing selection pressures might 39 

impact the genetic diversity in these tree swallows. Stronger selection pressures might reduce 40 

genetic diversity in particular genomic regions, potentially affecting the adaptive potential of 41 

these populations. 42 

 43 

The expectation is that under harsh circumstances, population size will be reduced, and 44 

individuals will die irrespective of their trait values. This will result in higher levels of genetic 45 

drift in the population, increasing the chance of losing genetic variation at any locus in the 46 

genome (Figure 1). However, as demonstrated in this study, survival is not random, and 47 

therefore selection against lower body mass and shorter wings is amplified. Strong selection 48 

will lead to a rapid increase of the beneficial alleles that underlie the preferred phenotype 49 

(Stephan 2019). On a population level, this results in lowered genetic diversity, especially at 50 

the loci that are in close proximity of the selected variant through hitchhiking, as has been 51 

suggested for passenger pigeons (Ectopistes migratorius, Murray et al. 2017). Thus, the 52 

overall reduction in genetic diversity under harsh circumstances is amplified in genomic 53 

regions under selection, leading to even more reduced adaptive potential in the future. 54 

 55 
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 73 

Figure 1. Genomic consequences of selection under mild conditions (solid dark blue line) or 74 

harsh conditions (dashed light blue line). The yellow star indicates the locus under 75 

selection. Under harsh conditions, the overall genetic diversity in a population will be 76 

reduced because of drift at neutral loci (d1). At the locus under selection, the selection 77 

can be amplified, resulting in a stronger (d2) and wider (w2) sweep. 78 

 79 

Commented [KM6]: Original figure created by 
Digest author. 


