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Connecting local wintering conditions with year-specific conditions on the species’ general 
African wintering area  

Stable isotopes are known to enrich in animal and plant tissues in dry conditions, thus in general, rainier 
weather is associated with lower isotope values (Clark & Fritz, 1997; Hobson et al., 2012). We explored this 
connection in our data by using measured isotope values as indicators of local conditions (C, N, H) and large-
scale environmental indices calculated for the estimated general wintering area of pied flycatchers as 
indicators of general conditions (NAO, NDVI, rainfall). Based on the literature, we expected that in overall dry 
years, isotope values would show enrichment, and in overall wet years, isotope values would be lower. 

Methods 

All environmental indices were separately mean-centered by subtracting the group mean (mean of the yearly 
values of 2007-2014) from each individual year value. All environmental variables were strongly correlated 
(NAO – NDVI = -0.49; NAO – Rainfall = -0.78; NDVI – Rainfall = 0.82), so to avoid multicollinearity issues and 
reduce dimensionality in these variables, a principal component regression was performed using function 
‘prcomp’ in the package ‘stats’ (R Core Team, 2023) to combine correlated environmental variables across 
years into independent principal components, and to obtain year-specific PC values. Variable contributions 
to the principal components were extracted with function ‘get_pca_var’ in the package ‘factoextra’ 
(Kassambara & Mundt, 2020). Thereafter, three different linear mixed models were run with an isotope value 
(H, C, or N) as the response variable, PC1 as the explanatory variable and year as a random effect. As 
environmental variables in these data differed only among years, the sample size for the environmental 
variables was low (n = 8 years). Therefore, to confirm results of the principal component regression, each 
environmental variable was run alone against each isotope-value, keeping year as a random effect.  

Results 

The first principal component (PC1) of the PCA explained 80% of the variation in the three environmental 
variables (NAO, NDVI, and rain) across years. All three variables contributed similarly to the first principal 
component (NAO 30%, NDVI 31%, and rain 39%). NAO was negatively associated with PC1, while both NDVI 
and rain were positively associated with PC1 (Fig.1). Thus, high PC1 value indicates low NAO (wet winters), 
high NDVI (increased primary production), and high rainfall. PC1 was negatively associated with δ2Hf (β = -
1.16, se = 0.33, t6.0 = -3.5, p = 0.01, Fig.3A), but not with other isotopes (δ13Cf: β = 0.05, se = 0.07, t6.0 = 0.7, p 
= 0.49, Fig.3B; δ15Nf: β = -0.04, se = 0.07, t6.0 = -0.6, p = 0.60, Fig.3C). Therefore, winters with above average 
precipitation and moisture were characterized by lower δ2Hf values, but they did not differ in δ13Cf of δ15Nf 
values compared to drier winters. This result was repeated with models using a single environmental factor 
as an explanatory variable: NAO had a positive relationship (β = 1.19, se = 0.32, t5.9 = 3.77, p = 0.01) and 



rainfall a negative relationship (β = -0.18, se = 0.05, t6.0 = -3.44, p = 0.014) with δ2Hf values, but not with other 
isotopes. However, NDVI had no relationship with any isotope in these models. 
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ESM1, Figure 1. Associations between PC1 and the three climatic variables. 


