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Supplementary material



Appendix 1. Complementary information on estimation methods of lemming abundance and snow depth. 

 

Lemming abundance  

Long-term time series of small mammal abundance in the eastern Arctic of North America are very scarce. The 

only site in this area where lemming abundance was measured annually between 2007-2016 is Bylot Island, 

NU. At this site, 2 species of small mammals are found: brown lemmings Lemmus trimucronatus, the most 

abundant species, and collared lemmings Dicrostonyx groendlandicus (Fauteux et al. 2015). Summer densities 

of lemmings were estimated in July on two 11-ha live-trapping grids with 144 traps each performed in July, 

which allows accurate determination of densities using capture-recapture methods. Winter abundance of 

lemmings was measured by sampling remnants of winter nests collected on 40 predetermined 500m-transects 

after snow-melt and estimating their density with distance sampling methods (see Fauteux et al. 2015 for details 

on the method). The density of winter nests gives a fairly robust estimate of lemming abundance in the 

following spring (Krebs et al. 2012).  

 

Snow depth 

We obtained snow depth data through the Movebank Env-Data system (Dodge et al. 2013) which provides a set 

of tools to link animal movement data with information from global environmental datasets. Of the two options 

available for this variable, we selected the NCEP NARR (NCEP: National Centers for Environmental 

Prediction; NARR: North American Regional Reanalysis) snow depth dataset because it had the smallest spatial 

(i.e. 0.3deg = 32km) and temporal resolution (i.e. 3-hr or 8 values per day; NCEP NARR 2016). Units are in 

meters. The NARR is an extension of the NCEP Global Reanalysis combining actual ground (e.g. land surface, 

aircraft, ship) and remote (i.e. satellite) measurements along with NOAA climatic monitoring data (Kalnay et al. 

1996, Mesinger et al. 2006, NCEP NARR 2016). Snow depth values are interpolated with the inverse distance 

weighted method in the Env-data system (Li and Heap 2011, Dodge et al. 2013), which estimates the snow 

depth using the surrounding values in a 32 x 32 km grid, using the inverse of the distance to each surrounding 

value as a weighting factor. For various analyses, a snow depth was associated with each owl location and 



averaged over specific time-frames (e.g. SnowDepthautumn = mean snow depth at all locations of an individual 

during the autumn season; duration of autumn or winter periods differ for each individual and year; see 

Appendix 2).  
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Appendix 2. Determination of settlement and departure dates on the breeding and wintering sites 

Determining settlement and departure dates from a breeding or a wintering site is difficult for a nomadic species 

like the snow owl (Therrien et al. 2014, Holt et al. 2015). We chose to determine these dates using objective 

criteria based on spatial movements of individuals whenever possible.  

Criteria previously used to infer breeding activity of this species in the eastern Canadian Arctic (Therrien et al. 

2012) were used here. Settlement date on a breeding site was the first day in spring after departure from the 

wintering site when the distance between mean daily locations was < 5 km over suitable breeding habitat (i.e. 

above the tree line). The 5-km criteria is based on the maximum daily distance (i.e. distance moved between 2 

consecutive locations divided by the number of days between those locations) travelled by known successful 

breeders on their breeding site (Mean ± SD: 1.2 ± 2.2 km; n = 24). Departure date from the breeding site was 

the first date after settlement when distance between mean daily locations was > 5 km. We further examined the 

movement map of each individual to ensure that applying these criteria did not yield unrealistic results. In a few 

cases, distance travelled between consecutive locations could slightly exceed the 5 km criteria but these were 

ignored because in all cases individuals came back to the central location of their potential breeding site for 

extended periods. 

For the winter period, we first calculated the mean daily distance travelled by each individual across all years 

from 1 December and 31 March, the period during which owls were most likely to have settled on a wintering 

site. The settlement date in winter was defined as the first day during the non-breeding period when the distance 

travelled by an individual between consecutive daily locations was smaller than the mean daily distance 

travelled in winter across years + 1SD. Inversely, departure date from a wintering site was defined as the last 

time during the wintering period when the distance travelled between daily locations started to exceed the mean 

daily distance travelled in winter + 1SD (see Fig. A2 for examples). We again examined the movement map of 

each individual to ensure that applying these criteria did not yield unrealistic results. Occasionally, distance 

travelled between daily locations could slightly exceed the mean+1SD criteria for short periods (mean ± SD: 3.0 



± 2.2 days; range: 1 ‒15 days; n = 99) but these were considered shifts in core areas during the winter period 

rather than genuine migratory movements.  

However, in some cases, the previous criteria were not helpful in determining wintering settlement or departure 

dates (n = 15 out of 84 cases). In those situations, we used behavioural criteria and considered the directionality 

and angles of the individual’s trajectory (i.e. frequent changes of direction suggested that the individual 

switched from migration to search mode within a restricted home range; Therrien et al. 2015) to determine those 

dates. 
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Figure A2. Annual daily distance travelled used to define settlement and departure dates of two individuals provided as examples: Andrea (top), a 

female that wintered in the high Arctic marine environment for two consecutive winters and F9 (bottom), a female that wintered in the American 

Midwest for 3 consecutive winters. Settlement dates (S), departure dates (D) and shifts in core areas (SC) are illustrated in boxes. Shaded areas 

represent migratory movements between breeding and wintering periods. Movement dates span from the nest finding of the individual on the 

breeding grounds to the last location revealed by satellite tracking. Mean daily distances travelled during the wintering period are displayed with their 

SD (long and short dash, respectively).  



Appendix 3. Tracking information, main wintering environment (Marine or Terrestrial) 

and latitudinal zones (Arctic or Temperate) used for 31 snowy owls (30 females, 1 male 

[M10]) between 2007 and 2016 (dash indicates no data due to transmitters that stopped 

functioning or because individual died). 

Id Marking 
Year 

N days 
tracked 

N daily 
locations 

Winter1   Winter2 		 Winter3 

Envir. Lat.Zone   Envir. Lat.Zone   Envir. Lat.Zone 
F1 2007 1155 320 Terrestrial  Arctic  Terrestrial  Arctic  Terrestrial  Arctic 
F2 2007 687 157 Terrestrial  Arctic  - -  - - 
F3 2007 1267 357 Terrestrial  Arctic  Marine  Arctic  Terrestrial  Arctic 
F4 2007 1091 315 Terrestrial  Arctic  Terrestrial  Arctic  Terrestrial  Arctic 
F5 2007 1107 311 Terrestrial  Arctic  Terrestrial  Arctic  Terrestrial  Arctic 
F6 2007 1135 339 Marine  Arctic  Marine  Arctic  Terrestrial  Arctic 
F7 2007 379 147 Marine  Arctic  - -  - - 
F8 2007 1135 331 Terrestrial  Temperate  Terrestrial  Temperate  Terrestrial  Temperate 
F9 2007 1134 238 Terrestrial  Temperate  Terrestrial  Temperate  Terrestrial  Temperate 

F10 2007 73 11 - -  - -  - - 
F11 2007 171 40 - -  - -  - - 
F12 2007 144 26 - -  - -  - - 
M10 2011 825 292 Marine  Arctic   Marine  Arctic   - - 

A 2013 666 237 Marine  Arctic  Marine  Arctic  - - 
B 2013 644 206 Marine  Arctic  Marine  Arctic  - - 
C 2013 710 254 Terrestrial  Temperate  Terrestrial  Temperate  - - 
D 2013 232 75 - -  - -  - - 
E 2013 148 34 - -  - -  - - 
F 2013 504 161 Terrestrial  Arctic  - -  - - 
G 2013 708 245 Marine  Temperate  Marine  Temperate  - - 
H 2013 466 153 Marine  Arctic  - -  - - 
I 2013 704 247 Terrestrial  Arctic  Terrestrial  Temperate  - - 
J 2013 714 256 Marine  Arctic  Terrestrial  Arctic  - - 
K 2014 541 175 Marine  Arctic  - -  - - 
L 2014 171 46 - -  - -  - - 
M 2014 582 197 Marine  Arctic  - -  - - 
N 2014 49 4 - -  - -  - - 
O 2014 187 52 - -  - -  - - 
P 2014 605 207 Marine  Arctic  - -  - - 
Q 2014 176 47 - -  - -  - - 
R 2014 132 32 - -  - -  - - 

 

X: Environment switches between 2 successive winters. 
X: Latitudinal zone switches between 2 successive winters.  



Appendix 4. Movements of snowy owls tracked by satellite telemetry from 2007 to 2016 

in eastern North America (n = 21). Also depicted on the graph are the three capture sites: 

Bylot Island (star), Deception Bay (square) and Mary River (diamond).  

 

 

 



Appendix 5.  Wintering home range (a; 95% utilization distribution) and core area (b; 50% utilization distribution) contours of all individuals tracked 

for at least one winter between 2007 and 2016. Thin line = 1st winter, medium line = 2nd winter, thick line = 3rd winter. 



Appendix 6. Complete statistical results of the relationships between different 

parameters of winter space and habitat use and all explanatory variables examined: type 

of wintering environment (Environment: marine vs terrestrial), wintering latitudinal zone 

(LatitudinalZone: Arctic vs temperate), snow depth (SnowAutumn: autumn and 

SnowWinter: winter) and small mammal abundance on Bylot Island (LemmSummer; 

previous summer and LemmWinter: current winter). Response variables include Distance 

travelled (km; n=42), Marine environment use (n=36; excludes birds wintering in the 

Prairies), Settlement and Departure dates (n=42), Length of stay (days; n=42), Home 

range and Core area size (km2; n=42), Number of core areas (n=42) and extent of home 

range and core area overlap (%; excluding birds that have switched wintering 

environment or latitudinal zone; n=16). Bird ID was included in all models as random 

effect. Latitudinal zone of reference=Arctic. Environment of reference = Marine. Models 

in bold have confidence intervals that exclude 0. Latitudinal zone of reference=Arctic. 

Environment of reference = Marine. 

Response variables   Explanatory variables β Lower CI Upper CI 

Distance travelled within  Environment -0.788 -1.195 -0.381 
wintering area 

 LatitudinalZone -0.334 -0.969 0.301 

  SnowWinter  0.004 -0.017 0.025 

  LemmWinter -0.027 -0.059 0.006 

 
 LemmSummer 0.014 -0.053 0.081 

      Marine environment use 
 

SnowWinter  -0.089 -0.110 -0.068 

 
 

SnowAutumn -0.025 -0.059 0.010 

  
LemmWinter -0.018 -0.046 0.010 

  
LemmSummer1 0.121 0.056 0.185 

      Dates of settlement on 
 

Environment -14.393 -28.025 -0.761 
wintering ground  

 
LatitudinalZone  11.745 -3.849 27.339 

  
SnowAutumn 2.732 1.623 3.841 

  LemmSummer -0.758 -3.453 1.938 

  
    



Dates of departure from  Environment -8.733 -21.922 4.456 
wintering ground  

 LatitudinalZone -18.812 -37.397 -0.227 

  SnowWinter  0.195 -0.363 0.752 

  LemmWinter 0.602 -0.224 1.427 

      Length of stay on 
 

Environment 0.070 -0.821 0.961 
wintering site 

 
LatitudinalZone  -0.907 -1.859 0.045 

  
SnowWinter  0.041 -0.002 0.085 

  
LemmWinter 0.004 -0.080 0.088 

  
LemmSummer 0.053 -0.102 0.208 

      Wintering home range   Environment -1.452 -2.229 -0.675 
size 

 
LatitudinalZone 0.024 -1.121 1.170 

  
SnowWinter  0.004 -0.041 0.049 

  
LemmWinter -0.077 -0.149 -0.005 

  
LemmSummer 0.058 -0.088 0.204 

      Wintering core area size 
 

Environment -1.698 -2.579 -0.817 

  
LatitudinalZone -0.115 -1.425 1.195 

  
SnowWinter  0.001 -0.048 0.051 

  
LemmWinter -0.083 -0.161 -0.005 

  
LemmSummer 0.058 -0.102 0.218 

      Number of core areas in  
 

Environment -0.571 -0.977 -0.165 
wintering area 

 
LatitudinalZone -0.426 -0.881 0.029 

  
SnowWinter  -0.007 -0.030 0.015 

  
LemmWinter -0.044 -0.082 -0.005 

  
LemmSummer 0.009 -0.069 0.087 

      Wintering home range  
 

Environment 0.008 -0.966 0.982 
overlap extent 

 
LatitudinalZone -0.384 -1.421 0.654 

 
     Wintering core area  
 

Environment 0.542 -0.983 2.066 
overlap extent 		 LatitudinalZone -0.982 -2.517 0.552 

 

 1 Female J was removed from this model (n=34) 

 

	


