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Figure S1. Procedures to estimate penguin movements from geolocators. (A, B): Latitude 
(bias-corrected) (A) and longitude (B) raw data from a Lotek geolocator. Anomalous latitude 
and longitude data and latitude data associated with equinox period (grey) were removed 
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from final analyses. (C, D): Generalized Additive Model (GAM) smoothing (red lines) were 
applied to the latitude (C) and longitude (D) data, with smoothed latitude estimates during 
equinox period shown as grey lines. (E): The map of estimated movement of a penguin from 
GAM smoothing (line) with associated raw data (points), with Antarctic continent (dark grey) 
and the location of Hukuro Cove breeding colony (black diamond). 
 
 

 
 
Figure S2. The effects of low sampling rates for depth (one depth reading in every 120 s in 
LAT geolocators with depth sensors) on the estimates of mean dive depth and time spent 
diving per day. We used depth data (sampled every 1 s) from an Adélie penguin studied with 
a time-depth recorder for 18 days in the chick-rearing period of 2013. (A): Example of the 
depth time series (for 2.5 h). Depth data sampled every 1 s (black line) were resampled at 120 
s interval (red line), to imitate the sampling regime of LAT geolocators. Then, inflection 
points in the depth data were detected (red circle). (B): Mean daily depth of inflection points 
at 120 s interval were compared with the mean dive depth from 1 s recording interval. Red 
line shows where x = y, and black line shows linear regression for 19 days of data (black 
circle). Mean daily depth of inflection points at 120 s interval slightly overestimated mean 
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daily dive depth (y = 0.792*x + 2.3; r2 = 0.73; F1,17 = 50.67, p < 0.001), because shallow and 
short dives were not detected at low sampling rates. (C): Time spent diving per day obtained 
from low sampling rates (every 120 s) showed a close match (y = 0.997*x + 0.023; r2 = 0.99; 
F1,17 = 2170.95, p < 0.001) with that obtained from high sampling rates (every 1 s).  
 
 

 
 
Figure S3. (A)-(E) Monthly-averaged Adélie penguin locations (open circles, bars: SD) 
overlaid on monthly averaged sea ice concentrations for April to August 2011. Black 
diamond: Hukuro Cove breeding colony. 
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Figure S4. Effects of (A) daylight hours (daylight + twilight hours) and (B) sea ice 
concentration on mean daily dive depth of Adélie penguins from April to October. 
Explanatory variables were standardized (and arcsine transformed for sea ice concentration). 
See Table 2 for modeling results. Least-square regression lines are shown. 
 
 


