
Resource tracking within and across
continents in long-distance bird migrants

Item Type Article

Authors Thorup, Kasper; Tøttrup, Anders P.; Willemoes, Mikkel; Klaassen,
Raymond H. G.; Strandberg, Roine; Vega, Marta Lomas; Dasari,
Hari Prasad; Araújo, Miguel B.; Wikelski, Martin; Rahbek, Carsten

Citation Thorup K, Tøttrup AP, Willemoes M, Klaassen RHG, Strandberg
R, et al. (2017) Resource tracking within and across continents
in long-distance bird migrants. Science Advances 3: e1601360.
Available: http://dx.doi.org/10.1126/sciadv.1601360.

Eprint version Publisher's Version/PDF

DOI 10.1126/sciadv.1601360

Publisher American Association for the Advancement of Science (AAAS)

Journal Science Advances

Rights This is an open-access article distributed under the terms of the
Creative Commons Attribution-NonCommercial license, which
permits use, distribution, and reproduction in any medium, so
long as the resultant use is not for commercial advantage and
provided the original work is properly cited.

Download date 23/05/2023 20:09:31

Item License http://creativecommons.org/licenses/by-nc/4.0/

Link to Item http://hdl.handle.net/10754/622729

http://dx.doi.org/10.1126/sciadv.1601360
http://creativecommons.org/licenses/by-nc/4.0/
http://hdl.handle.net/10754/622729


 
 

advances.sciencemag.org/cgi/content/full/3/1/e1601360/DC1 
 

 

Supplementary Materials for 
 

Resource tracking within and across continents in long-distance bird 

migrants 
 

Kasper Thorup, Anders P. Tøttrup, Mikkel Willemoes, Raymond H. G. Klaassen, 

Roine Strandberg, Marta Lomas Vega, Hari P. Dasari, Miguel B. Araújo, Martin Wikelski, Carsten Rahbek 

 

Published 4 January 2017, Sci. Adv. 3, e1601360 (2017) 

DOI: 10.1126/sciadv.1601360 

 

The PDF file includes: 

 

 fig. S1. Seasonal variation in NDVI across Africa and Europe. 

 fig. S2. Patterns of greenness and surplus greenness for each month. 

 fig. S3. Illustration of the random migratory track simulation procedure. 

 fig. S4. Individual variation in experienced and expected greenness and surplus 

greenness along migratory tracks. 

 fig. S5. Testing NDVI models. 

 fig. S6. Sequence of monthly differences between 2011 and 2080 of NDVI and 

surplus NDVI based on the (a) 26 ppb, (b) 45 ppb, and (c) 85 ppb projected 

climate change scenarios and stopover positions of common cuckoos, red-backed 

shrikes, and thrush nightingales. 

 fig. S7. Comparisons of current and modeled future NDVI and surplus NDVI for 

simulated tracks. 

 Legend for data file S1 

 

Other Supplementary Material for this manuscript includes the following:  

(available at advances.sciencemag.org/cgi/content/full/3/1/e1601360/DC1) 

 

 data file S1 (Microsoft Excel format). Spatiotemporal positions of common 

cuckoos, red-backed shrikes, and thrush nightingales included in the study. 



 

 
 

fig. S1. Seasonal variation in NDVI across Africa and Europe. Each cell is showing the 

variation in NDVI from January to December (illustrated as inset, left). The inset on the right 

shows how surplus NDVI is calculated. 



 

 

 

 

fig. S2. Patterns of greenness and surplus greenness for each month. Individual stopover 

positions of common cuckoos (yellow) are indicated on the greenness maps and stopovers 

positions of red-backed shrikes (red) and thrush nightingales (blue) on the surplus greenness 

maps. 
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fig. S3. Illustration of the random migratory track simulation procedure. Example of seven 

simulated tracks from breeding grounds in south Scandinavia to “winter” 70° of latitude further 

south. (a) Geographical positions overlaid on average NDVI for each cell, (b) latitude, (c) NDVI, 

and (d) surplus NDVI along a complete annual cycle (24 periods starting in June, period 1, to 

June, period 25). The number of migratory steps was between 2 and 8 with each step occurring 

with random length and at a random time. The tracks represent full-year round-trip (south and 

back) tracks with step lengths summing up to 140° latitude traversed for the entire trip. The 

annual cycle consist of 24 2-week periods and all tracks start with a stationary 2-months period in 

the breeding area (55°N, 13°E; June-July).  The most distant point (“wintering grounds”) could be 

reached in any period of the year outside the stationary breeding season. Only southward steps 

were allowed during migration from the breeding grounds and only northward steps during return 

migration. For the simulations used in the analyses, summed step lengths were varied between 

20° and 180° of latitude. 

a b 

c d 



 

 

fig. S4. Individual variation in experienced and expected greenness and surplus greenness 

along migratory tracks. (a) NDVI (top) and surplus NDVI (lower) along migratory tracks for 

individual common cuckoos, red-backed shrikes, and thrush nightingales, respectively. The 

individual bi-weekly average greenness along the migratory routes fluctuated considerably (range 

0.08-0.83; average SD of bi-weekly NDVI for cuckoos of 0.09, shrikes of 0.15, and nightingales 

of 0.16) but was generally high (P < 0.05 for 8 out of 8 cuckoos, 16/18 shrikes, and 13/14 

cuckoos; sign test by bi-weekly period for greenness above average). For individuals, surplus 

NDVI was high in shrikes and nightingales (P < 0.05 for 17 out of 19 shrikes, and 13/14 

nightingales; sign test by bi-weekly period for local surplus greenness above average), less so in 

cuckoos (P < 0.05 for 6/8 cuckoos). (b) Difference (left) between expected (decadal average 

NDVI) and experienced (NDVI for the visited cells in the year of tracking) for common cuckoos 

(n = 8; though most of the year n = 6) tracked in 2010-11. During fall to spring experienced 

values are generally above the expected (average) value. Repeated tracks (right) of five red-

backed shrikes; the values for the two tracks for each individual are shown in the same color. 

Considerable year-to-year variation is shown at the individual level. 
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fig. S5. Testing NDVI models. (a) Mean observed NDVI between 2000-2010; (b) Mean 

projected NDVI between 2000-2010; (c) Pearson product correlations between a and b; (d) p-

values associated with correlations in c. Notice that values on the maps are calculated by 

comparing, for every pixel, scores obtained for 265 two-week periods between 2000-2010. In c 

and d they represent the spatiotemporal pattern of the discrimination ability of predicted NDVI 

models.   
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fig. S6. Sequence of monthly differences between 2011 and 2080 of ΔNDVI (left) and 

Δsurplus NDVI (right) based on the (a) 26 ppb, (b) 45 ppb, and (c) 85 ppb projected climate 

change scenarios and stopover positions of common cuckoos (yellow circles), red-backed 

shrikes (red circles), and thrush nightingales (blue circles). Positive values (green colors) 

indicate projected improvement of environmental conditions (NDVI and surplus NDVI) by 2080 

and negative values (yellow and orange colors) indicate impoverished conditions or a mismatch.  
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fig. S7. Comparisons of current and modeled future NDVI and surplus NDVI for simulated 

tracks. (a) Average considering the degrees of latitudes traversed. (b) Biweekly values for 140° 

of latitude traversed, similar to the degrees of latitudes traversed by the species considered here. 
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Data file S1. Spatiotemporal positions of common cuckoos, red-backed shrikes, and thrush 

nightingales included in the study (separate file). 

 


