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Geolocator data processing

Sunrises and sunsets were calculated from light measurements using the function twilightCalc from the R-

package GeoLight [1] at a light threshold value of 10 (arbitrary light units, BAS/Biotrack models) and 2 (lux,

Migrate Technology models). As Arctic Skuas spend the non-breeding period in open habitat (at sea), light

transitions at twilight were rarely shaded, and so most twilights could be assigned automatically. Remaining

outliers (twilights considerably earlier or later than surrounding twilights) were identified visually by plotting date

against time of sunset and sunrise and were replaced by interpolated values using a local regression (LOESS)

smoother. Locations were calculated for each noon and midnight for a sequence of potential sun angles, in steps

of 0.5°. By visual inspection of the resulting tracks, we selected the sun angle resulting in a good fit of locations

to the shape of continent land masses and a match in latitude estimates before and after each equinox. On this

basis, the most appropriate sun angles for individual tracks were from −1° to −3° for BAS/Biotrack loggers and

−4.5° to −6.0° for Migrate Technology loggers. Mean error in position estimates for this method is typically

±185 km for flying seabirds [2], but can be much larger close to the equinoxes, which coincided with autumn and

to a lesser extent spring migration in the tracked skuas.
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Timing of migration and breeding
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Figure S1. Summary of timing data per breeding and wintering area, not corrected for repeated tracks, of Arctic

Skuas tracked from breeding areas between East Greenland and West Siberia to wintering areas in the Atlantic.

Vertical lines show the mean, thick horizontal lines show the 25-75 interpercentile range and thin horizontal lines

extend to the 5-95 interpercentile range. Breeding areas on the y-axis are ordered from high (SVA) to low (SCO)

latitude. For birds breeding in Russia (TOB and ERK), ‘arrival to the North Atlantic’ refers to arrival to areas

north of 35°N. For abbreviations of breeding and wintering areas, see Fig. 2.
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Net carry-over effect of wintering area

Table S1. Posterior probability that the difference in timing or duration between two wintering areas when

originating from the same breeding area is more extreme than 0 in Arctic Skuas tracked from breeding areas in

the North Atlantic to wintering areas in the Atlantic. Posterior probabilities of 0.1 and lower are highlighted in

red, with more intense red for lower values.
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NOR
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Table S1. Posterior probability that the difference in timing or duration between two wintering areas when

originating from the same breeding area is more extreme than 0 in Arctic Skuas tracked from breeding areas in

the North Atlantic to wintering areas in the Atlantic. Posterior probabilities of 0.1 and lower are highlighted in

red, with more intense red for lower values.
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4



Strength of the carry-over effect: slope estimates
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Figure S2. Slope estimates of the duration of periods as a function of the timing of their start in Arctic Skuas

tracked from breeding areas in the North Atlantic to wintering areas in the Atlantic (Fig. 5). Steepness of the

slopes indicates the strength of carry-over effects: they show to what extent advances or delays at the start

translate to the timing of the end of each period. For example, a slope of 0 indicates that every day delay at the

start of a period translates in a day delay at the end of the period, and a slope of -1 indicates that every day

delay is compensated so that the duration of the period gets one day shorter. Estimates are given at three levels,

which are separated by grey vertical lines: 1. across all breeding and wintering areas, 2. for each of the three

breeding areas and 3. for each combination of breeding and wintering area. Error bars are 95% HDIs.
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