
Supplemental Material: Wintering areas, migratory connectivity and fidelity 

of three declining Nearctic-Neotropical migrant swallows 

 

1 Isotope composition of rectrix and contour feathers 

Recent research suggests that body molt for all three species may occur throughout the 

annual cycle (Imlay et al. 2017), rather than just during the winter. Since our analyses of winter 

locations, migratory connectivity and habitat fidelity relies of these feathers being molted during 

the winter, we used linear regressions to compare δ2H in rectrix and contour feathers from the 

same individual for each of our three species. We considered that feathers were molted in the 

same area, if the relationship between δ2H in rectix and contour feathers was significant, and the 

slope (ß) was between 0.90 and 1.10. 

For Bank Swallows, we found a significant relationship between δ2H in contour and 

rectrix feathers (p = 0.01), however the slope was not within our acceptable limit (ß = 0.53) 

(Figure 1A), suggesting that these feathers were not consistently molted at the same area. For 

Barn Swallows, we found a significant relationship (p < 0.001) and a slope within our acceptable 

limit (ß = 0.91) (Figure 1B), suggesting that the feathers were molted at the same area. Finally, 

for Cliff Swallows, we did not find a significant relationship between δ2H in rectrix and contour 

feathers (p = 0.13) nor was the slope within our acceptable limit (ß = 0.27) (Figure 1C), 

indicating that these feathers were not molted at the same area. 

Although contour and rectrix feathers were not molted at the same area for Bank and 

Cliff Swallows, this does not preclude these contour feathers from being molted during the 

winter, especially since the values of δ2H in contour feathers are consistent with isotope values 

throughout their wintering range (Bank: -124.94 to -19.49, Cliff: -124.94 to -19.90). Since 



swallows may move long distances during the winter (this study Figure 1, Fraser et al. 2017), 

potentially through isotopically dissimilar habitats, it is likely that, for these species, rectrix and 

contour feathers are molted at different winter locations. Therefore, we will use the contour 

feathers collected in 2014 to 2016 to examine wintering areas, migratory connectivity and habitat 

fidelity for all three species, after removing any samples that do not contain isotope values found 

within the wintering range of these species.  



 

Figure 1. Relationships between δ2H in contour and rectrix feathers from the same individual for 

Bank (A), Barn (B) and Cliff Swallows (C). Solid lines and grey areas indicate significant 

relationships (p < 0.05) and 95% confidence intervals between feather type, and dashed lines 

indicate the reference line with a slope = 1.0. N = 15 samples/species.   



2 Overlap of winter locations from geolocators and stable isotope assignment 

 It is difficult to directly compare the results of the individual-based geolocator data with 

the results of the population-level stable isotope analysis. However, to facilitate this comparison, 

we overlaid the results of our analysis using the winter areas derived from geolocators and the 

upper two-thirds of the estimated probability of origin (i.e., the likely areas) for two Cliff 

Swallows. These were the only two individuals where we had both geolocator-derived winter 

areas and stable isotopes from the same year with values present in South America.   

We visually compared the results from both approaches and found overlap in the likely 

winter areas derived from geolocators and stable isotopes for these two Cliff Swallows (Figure 

2). This indicates that both approaches identified similar areas, although the stable isotope 

assignment identified a broader probable wintering area than the geolocator data that did not 

overlap entirely with the geolocator results. This is due to two limitations with this approach. 

First, our stable isotope assignment was only able to identify probable winter locations based on 

the landscape-level distribution of isotopes (i.e., all locations with similar isotopic values were 

identified as probable wintering areas). Secondly, our stable isotope assignment was based on the 

isotope values contained in the feather during the period of time when it was growing. If 

swallows move around considerably during the winter, than these values may not reflect all 

winter areas. 



 

Figure 2. Winter locations during stationary periods from 14 October 2013 and 27 February 2014 

for two Cliff Swallows equipped with geolocators, and their likely winter area based on δ2H and 

δ13C isotopes from contour feathers collected in 2014. Solid lines indicate most likely positions 

using mean latitude and longitude and dashed likes indicate most likely positions using the 

outermost cardinal locations using 95% credible intervals. Blue, red and purple lines indicate the 

first, second and/or third stationary periods, respectively, for each individual. 


