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Appendix 1. Stationary periods: verification and accuracy of position estimates at a known 

location  

 

Verification of stationary periods is difficult without having knowledge about the true state of the 

bird. Nevertheless, one could use observed departure from the deployment site to verify the 

estimated end of the first stationary period (e.g. departure from breeding site; not recorded for 

wheatears in our study) or observed arrival at the retrieval site to verify the estimated start of the 

last stationary period (arrival at breeding site). Here we used observed arrival dates, i.e. the first 

day we observed the respective bird in the field, to compare with estimated arrival dates (start of 

the stationary period continuing to the recapture of the bird). All known and potential territory 

sites of wheatears in the study area were monitored every second to third day during the arrival 

period (see [1]). First observations of wheatears are usually made at their subsequent breeding 

territory where birds usually appear to settle at the day of their arrival, i.e. we rarely observed 

transient birds that were later seen at other sites. Estimated arrival dates were determined at 0-12 

days (median: 2, n=11) before observed arrival dates (Table A1). The extreme values came from 

two individuals that apparently deviated from normal territorial behaviour, i.e. they arrived in the 

area some time before settling at their subsequent breeding territory. One individual was 

observed at two different locations about one week before settling at its breeding territory, which 

was 12 days after the estimated arrival date. The other individual did not attempt to breed in the 

study area and was first sighted late in June when selecting a site for moulting within the study 

area (Table A1).  

 

We estimated accuracy of position estimates during stationary periods (as determined from 

geolocator light data, see Methods) at a known location (at the breeding site in the year of 

geolocator deployment and removal). Accuracy is shown as error distances between the 

estimated median and the known positions (Table A2). The overall accuracy for the calculated 

positions during the stationary periods at the breeding site in the deployment year, calculated as a 

mean error distance for all individuals, was 43.2 km (median=38.3 km, SD=20.7 km, n=12). 

Note that this accuracy is specific for the time of the year (day length), the period-specific 

shading conditions (affected by weather, topography, vegetation, bird behaviour; see also [2]). 

Only ground-truthing can be used to determine accuracy of positions during other periods (e.g. 

average error in assignment to tropical sites was 365±97 km in latitude for wood thrushes 

Hylocichla mustelina wintering in Central America, [3]).  

  

References: 

1. Arlt D., Pärt T., Sex-biased dispersal: a result of a sex-difference in breeding site availability, 

Am. Nat., 2008, 171, 844-850 

2. Lisovski S., Hewson C., Klaassen R., Korner-Nievergelt F., Kristensen M., Hahn S., 

Geolocation by light: Accuracy and precision affected by environmental factors, Meth. Ecol. 

Evol., 2012, 3, 603–612 

3. McKinnon E.A., Stanley C.Q., Fraser K.C., MacPherson M.M., Casbourn G., Marra P.P., et 

al., Estimating geolocator accuracy for a migratory songbird using live ground-truthing in 

tropical forest, Animal Migration, 2013, 1, 31–38 
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Table A1. Comparison of estimated and observed arrival dates. Estimated arrival date is the first 

date for the identified stationary period at the breeding area. Observed arrival date is the first day 

we observed the individual in the field at the breeding ground, where territory sites were 

monitored every second to third day during the arrival period. 

 

individual 

(sex, age)
1
 

estimated arrival 

date 

observed arrival date difference in days 

2010-2011    

bird 1 (M, o) 12-Apr 18-Apr 6 

bird 2 (F, nk) 20-Apr 26-Apr 6 

bird 3 (F, o) 25-Apr 07-May 12 

bird 4 (F, o) 08-May 09-May 1 

2011-2012    

bird 5 (F, o) 24-Apr 25-Apr 1 

bird 6 (F, y) 23-Apr 23-Apr 0 

bird 7 (M, o) 24-Apr 28-Apr 4 

bird 8 (F, y) 23-Apr 25-Apr 2 

bird 9 (M, y) 15-Apr 18-Apr 3 

2012-2013    

bird 10 (M, y) 08-May 11-May 3 

bird 11 (M, y) 21-Apr n.a.
2 n.a. 

bird 12 (M, o) 22-Apr 24-Apr 2 

1: sex M = male, F = female; y = young i.e. one year old, o = old i.e. older than one year, nk = 

age not known 

2: first observation in the field on 17-Jun 
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Table A2. Accuracy of position estimates for the stationary period at the breeding site. Stationary periods (as determined from 

geolocator light data) for which there was a known position (i.e. at the breeding site in the year of geolocator deployment and 

removal), with their associated estimated period-specific SEA (see Methods), estimated position and error distance. Estimated median 

positions (in decimal degrees) are accompanied by their 99% error interval (EI, n.a. when EI could not be calculated due to short 

period length). Error distances are great-circle distances between estimated and known position.  

 

individual period  

start-end 

period SEA±SE estimated median position: 

latitude, longitude 

(lower/upper 99% EI) 

known position: 

latitude, longitude 

 

error distance  

[km] 

2010-2011      

bird 1 26-Jun - 15-Aug -4.4±0.1 59.3, 17.6 

(58.9/59.7, 17.6/17.6) 

59.8, 17.9 58.1 

 12-Apr - 20-Apr -3.9±0.2 59.9, 16.9 

(58.7/61.0, 16.8/16.9) 

59.8, 17.9 56.9 

bird 2 25-Jun - 10-Aug -4.2±0.2 59.6, 17.0 

(59.0/60.1, 17.0/17.2) 

59.8, 17.9 55.2 

 26-Apr - 04-May -3.7±0.4 59.4, 14.2 

(57. 8/61.1, 14.2/14.2) 

59.8, 17.9 212.9 

bird 3 17-Jun - 15-Aug -4.7±0.3 59.3, 18.7 

(58.5/60.0, 18.7/18.8) 

59.8, 17.9 71.6 

 25-Apr - 17-May -5.3±0.1 59.5, 18.3 

(59.1/59.9, 18.3/18.3) 

59.8, 17.9 40.2 

bird 4 27-Jun - 23-Aug -5.2±0.1 59.2, 18.5 

(58.9/59.5, 18.5/18.6) 

59.8, 17.9 74.8 

 08-May - 17-May -5.1±0.2 59.6, 16.8 

(60.0/60.2, 15.1/17.8) 

59.8, 17.9 65.6 

2011-2012      

bird 5 17-Jun - 17-Aug -5.3±0.1 59.7, 18.1 

(59.5/59.9, 18.1/18.2) 

59.8, 17.8 20.2 

 24-Apr - 06-May -5.1±0.2 59.8, 17.6 

(58.9/60.7, 17.6/17.6) 

59.8, 17.8 11.2 

bird 6 08-Jul - 19-Aug -4.4±0.1 59.6, 17.4 

(59.2/60.00, 17.4/17.4) 

59.8, 17.9 35.8 
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 23-Apr - 06-May -5.3±0.2 59.8, 17.2 

(59.0/60.7, 17.2/17.3) 

59.8, 17.9 39.2 

bird 7 31-May - 18-Aug -4.9±0.2 59.7, 16.7 

(59.1/60.0, 16.6/16.8) 

59.8, 17.8 62.6 

 24-Apr - 06-May -5.8±0.2 59.7, 18.3 

(59.1/60.3, 18.3/18.3) 

59.8, 17.8 30.1 

bird 8 02-Jul - 18-Aug -5.1±0.1 59.9, 17.5 

(59.5/60.1, 17.5/17.6) 
59.8, 17.8 20.1 

 23-Apr - 06-May -5.2±0.2 59.5, 18.2 

(58.7/60.4, 18.2/18.2) 

59.8, 17.8 40.2 

bird 9 24-Jun - 14-Jul -5.5±0.1 59.7, 18.0 

(59.4/60.0, 18.0/18.2) 

59.8, 17.8 15.8 

 14-Apr - 19-Apr -4.6±0.3 59.8, 17.7 

(n.a., n.a.) 

59.8, 17.8 5.6 

2012-2013      

bird 10 07-Jun - 05-Aug -5.4±0.1 59.7, 17.1 

(59.3/60.1, 16.4/17.1) 

59.8, 17.8 40.8 

 08-May - 12-May -5.1±0.4 59.7, 19.4 

(n.a., n.a.) 

59.8, 17.8 90.3 

bird 11 04-Jun - 29-Aug -5.8±0.1 59.7, 17.3 

(59.3/60.0, 17.2/17.4) 

59.8, 17.9 35.4 

 27-May - 12-Jul -6.2±0.1 59.2, 16.9 

(59.0/59.4, 16.9/17.2) 

59.8, 17.8 83.8 

bird 12 31-May - 01-Aug -5.4±0.1 59.8, 17.3 

(59.5/60.1, 17.3/17.5) 

59.8, 17.8 28.0 

 22-Apr - 07-May -6.4±0.1 59.9, 19.0 

(59.4/60.3, 19.0/19.0) 

59.8, 17.8 67.9 
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Appendix 2. Individual migration tracks 
 

Fig. A1.  Individual migration tracks of 12 wheatears during autumn (blue) and spring (green) migration, and during the wintering 

period (orange). Latitude and longitude are given in decimal degrees. Lines connect median position estimates of stationary periods. 

Error bars show 99% error interval for estimated longitude and latitude (see Methods). Error bars are missing when error for positions 

could not be determined (too short periods). 
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Appendix 3. Position estimates and their associated errors for prolonged stationary periods during migration and the 

wintering locations 
 

Table A3. Median position estimates for the Mediterranean stopover (MSO) period and wintering sites, and their 99% error interval 

(EI, n.a. when EI could not be calculated due to short period length). Note that MSO estimates of latitude are highly uncertain for all 

periods in close proximity of the equinox. For dates of those periods see Table 1. 
 

individual 

(sex, age)
1
 

autumn MSO median position 

(lower/upper 99% EI) 

winter median position 

(lower/upper 99% EI) 

spring MSO position 

(lower/upper 99% EI) 

2010-2011    

bird 1 (M, o) 34.1 (20.9/43.8), -0.6 (-0.6/-0.5) 16.6 (15.1/17.7), -13.4 (-13.4/-13.4) 29.2 (-5.3/39.8), -0.3 (-0.4/-0.2) 

 30.2 (18.1/38.9), -5.3 (-5.4/-5.1) 16.7 (14.7/18.5), -12.6 (-12.6/-12.6) -- 

bird 2 (F, nk) 29.3 (20.9/33.7), -0.1 (-2.3/1.6) 16.0 (14.8/17.0), -4.8 (-4.8/-4.8) 32.5 (18.6/48.5), -2.9 (-3.1/-2.8) 

 36.2 (25.3/49.0), -1.4 (-1.4/-1.3) 14.1 (12.7/15.5), -3.1 (-3.1/-3.1) 33.0 (18.1/47.2), 4.2 (4.1/4.4) 

bird 3 (F, o) 35.4 (32.5/37.5), 1.9 (1.6/1.9) 16.7 (15.9/17.4), 1.4 (1.4/1.4) 34.7 (31.6/36.4), -0.3 (-0.3/-0.2) 

 -- 16.5 (13.9/18.9), 2.8 (2.8/2.8) -- 
 -- 13.5 (11.4/15.9), 4.6 (4.6/4.6) -- 

bird 4 (F, o) 34.8 (32.3/36.4), -3.4 (-3.5/-3.3) 16.6 (16.0/17.2), -8.2 (-8.2/-8.2) 34.7 (28.8/39.7), -0.3 (-0.3/-0.1) 

2011-2012    

bird 5 (F, o) 31.0 (25.4/33.9), -2.4 (-3.2/-2.2) 17.1 (14.3/19.5), -8.0 (-8.0/-8.0) 31.3 (26.6/36.0), -2.5 (-2.7/-2.4) 

 -- 13.1 (12.6/13.6), -6.1 (-6.1/-6.1) -- 
 -- 14.0 (13.3/14.5), -5.3 (-5.3/-5.3) -- 

bird 6 (F, y) 38.9 (31.6/45.2), 9.4 (9.3/9.6) 17.2 (15.7/18.7), -0.8 (-0.8/-0.8) 36.4 (31.8/41.7), 1.0 (0.9-1.0) 

 40.7 (36.6/44.5), -0.2 (-0.6/0.2) 14.2 (13.4/14.9), -3.5 (-3.5/-3.5) -- 

 -- 16.6 (n.a./n.a.), -6.2 (n.a./n.a.) -- 

bird 7 (M, o) 38.2 (26.8/43.6), 7.5 (7.3/7.6) 15.9 (14.7/16.8), -0.7 (-0.7/-0.7) 31.8 (21.5/38.6), -1.9 (-2.0/-1.8) 

 -- 16.2 (13.1/19.1), -0.1 (-0.1/-0.1) -- 

 -- 15.1 (14.1/16.5), -1.0 (-1.0/-1.0) -- 

 -- 17.9 (13.7/24.3), -3.8 (-3.8/-3.8) -- 

bird 8 (F, y) 40.6 (n.a./n.a.), 4.6 (n.a. /n.a.) 15.0 (14.1/16.1), -1.5 (-1.5/-1.50 34.3 (28.8/39.4), -1.8 (-1.8/-1.7) 

 - 12.5 (12.2/12.7), -0.9 (-0.9/-0.9) 43.6 (42.4/44.9), 6.5 (6.5/6.5) 

bird 9 (M, y) 38.7 (n.a. /n.a.), -1.9 (n.a. /n.a.) 14.8 (13.5/16.2), -1.2 (-1.2/-1.2) 32.5 (n.a. /n.a.), 1.1 (n.a. /n.a.) 

 -- 12.9 (11.7/14.1), -0.4 (-0.4/-0.4) -- 

  13.9 (10.9/16.6), 0.3 (0.3/0.4) -- 
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2012-2013    

bird 10 (M, y) 35.1 (26.1/42.0), -1.6 (-1.7/-0.9) 16.6 (15.0/18.3), -4.8 (-4.8/-4.8) 32.8 (n.a./n.a.), -1.3 (n.a./n.a.) 

 37.7 (n.a./n.a.), -3.9 (n.a./n.a.) 13.7 (12.3/15.5), -2.8 (-2.8/-2.8) 36.3 (n.a./n.a.), 1.2 (n.a./n.a.) 

 -- 15.2 (n.a./n.a.), -5.2 (n.a./n.a.) -- 
 -- 15.5 (13.2/18.0), -4.9 (-4.9/-4.9) -- 

bird 11 (M, y) 37.3 (31.3/41.8), -0.1 (-0.2/-0.1) 13.5 (12.7/14.3), -2.4 (-2.4/-2.4) 36.93 (n.a./n.a.), 2.67 (n.a./n.a.) 

 -- 11.9 (11.5/12.6), -3.6 (3.6/3.6) 38.25 (35.31/41.00), 2.98 (2.85/2.99) 

bird 12 (M, o) 27.6 (n.a./n.a.), -7.1 (n.a./n.a.) 17.3 (14.8/20.0), -9.5 (9.5/9.5) 33.5 (25.2/39.5), 2.5 (2.4/2.5) 

 -- 18.0 (16.3/19.5), -8.1 (-8.1/-8.1) -- 

 -- 16.5 (15.0/18.0), -8.102 (-8.1/-8.1) -- 
 -- 22.2 (20.4/23.9), -7.6 (-7.6/-7.6) -- 

 -- 25.4 (23.9/27.7), -8.4 (-8.7/-8.3) -- 

1: M = male, F = female; y = young i.e. one year old, o = old i.e. older than one year, nk = age not known 
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Appendix 4. Dates, durations and positions for stages during the annual cycle, migration distances and migration rate 
 

Table A4. Dates and positions for the Mediterranean stopover (MSO) period, dates and positions for the stay at wintering sites, and 

departure and arrival dates at the breeding ground. Dates are estimated from geolocator light data from 12 wheatears in three different 

years. The MSO may consist of stopovers at one or two locations (see Results).  
 

individual 

(sex, age)
1
 

departure 

date 

dates for 

autumn MSO 

autumn 

MSO 

position
2,3

 

dates at winter 

sites 

winter 

position
2
 

dates for 

spring MSO 

spring 

MSO 

position
2,3

 

arrival 

date 

2010-2011         

bird 1 (M,o) 15-Aug 02-Sep-16-Sep 34.1, -0.6 19-Oct-31-Dec 16.6. -13.4 13-Mar-01-Apr 29.2, -0.3 12-Apr 

  17-Sep-15-Oct 30.2, -5.3 01-Jan-09-Mar 16.7, -12.6 -- --  

bird 2 (F,nk) 10-Aug 25-Sep-05-Oct 29.3, -0.1 19-Oct-25-Nov 16.0, -4.8 04-Mar-14-Mar 32.5, -2.9 20-Apr 

  06-Oct-13-Oct 36.2, -1.4 26-Nov-03-Mar 14.1, -3.1 16-Mar-06-Apr 33.0, 4.2  

bird 3 (F,o) 15-Aug 07-Sep-17-Oct 35.4, 1.9 20-Oct-20-Dec 16.7, 1.4 29-Mar-18-Apr 34.7, -0.3 25-Apr 

  -- -- 21-Dec-09-Jan 16.5, 2.8 -- --  

  -- -- 10-Jan-26-Mar 13.5, 4.6 -- --  

bird 4 (F,o) 23-Aug 13-Sep-16-Oct 34.8, -3.4 20-Oct-22-Mar 16.6, -8.2 25-Mar-22-Apr 34.7, -0.3 08-May 

2011-2012         

bird 5 (F,o) 17-Aug 22-Sep-09-Oct 31.0, -2.4 13-Oct-19-Oct 17.1, -8.0 23-Mar-07-Apr 31.3, -2.5 24-Apr 

  -- -- 20-Oct-20-Nov 13.1, -6.1 -- --  

  -- -- 21-Nov-20-Mar 14.0, -5.3 -- --  

bird 6 (F,y) 19-Aug 01-Sep-17-Sep 38.9, 9.4 26-Oct-01-Dec 17.2, -0.8 01-Apr-09-Apr 36.4, 1.0 23-Apr 

  26-Sep-22-Oct 40.7, -0.2 01-Dec-17-Mar 14.2, -3.5 -- --  

  -- -- 20-Mar-29-Mar 16.6, -6.2 -- --  

bird 7 (M,o) 18-Aug 07-Sep-05-Oct 38.2, 7.5 07-Oct-18-Nov 15.9, -0.7 21-Mar-07-Apr 31.8, -1.9 24-Apr 

  -- -- 19-Nov-07-Dec 16.2, -0.1 -- --  

  -- -- 08-Dec-24-Feb 15.1, -1.0 -- --  

  -- -- 25-Feb-17-Mar 17.9, -3.8 -- --  

bird 8 (F,y) 18-Aug 14-Sep-08-Oct 40.6, 4.6 11-Oct-02-Nov 15.0, -1.5 22-Mar-09-Apr 34.3, -1.8 23-Apr 

  -- -- 03-Nov-18-Mar 12.5, -0.9 11-Apr-18-Apr 43.6, 6.5  

bird 9 (M,y) 18-Aug 14-Sep-03-Oct 38.7, -1.9 06-Oct-02-Dec 14.8, -1.2 21-Mar-01-Apr 32.5, 1.1 15-Apr 

  -- -- 03-Dec-19-Jan 12.9, -0.4 -- --  

    20-Jan-18-Mar 13.9, 0.3 -- --  
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2012-2013         

bird 10 (M,y) 05-Aug 08-Sep-15-Sep 35.1, -1.6 10-Oct-30-Nov 16.6, -4.8 15-Apr-19-Apr 32.8, -1.3 08-May 

  16-Sep-06-Oct 37.7, -3.9 4-Dec-01-Mar 13.7, -2.8 20-Apr-23-Apr 36.3, 1.2  

  -- -- 02-Mar-26-Mar 15.2, -5.2 -- --  

  -- -- 31-Mar-12-Apr 15.5, -4.9 -- --  

bird 11 (M,y) 29-Aug 29-Sep-23-Oct 37.3, -0.1 26-Oct-24-Nov 13.5, -2.4 24-Mar-28-Mar 36.9, 2.7 21-Apr 

  -- -- 25-Nov-19-Mar 11.9, -3.6 29-Mar-11-Apr 38.3, 3.0  

bird 12 (M,o) 01-Aug 13-Sep-07-Oct 27.6, -7.1 12-Oct-03-Nov 17.3, -9.5 04-Apr-12-Apr 33.5, 2.5 22-Apr 

  -- -- 04-Nov-04-Dec 18.0, -8.1 -- --  

  -- -- 05-Dec-20-Jan 16.5, -8.1 -- --  

  -- -- 21-Jan-04-Feb 22.2, -7.6 -- --  

  -- -- 07-Feb-02-Apr 25.4, -8.4 -- --  

1: M = male, F = female; y = young i.e. one year old, o = old i.e. older than one year, nk = age not known 

2: position estimates (median latitude, median longitude; in decimal degrees, positive latitudes north of Equator, negative/positive 

longitude west/east from the Prime Meridian)  

3: Note that estimates of latitude are highly uncertain during the Mediterranean stopover period for all periods in close proximity to 

equinox (10 days before and after 20 March and 22 September; see Appendix 3 Table A3 for position errors). 
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Table A5. Migration distance, migration duration, migration rate, travel days and travel speed. Total migration distance (Dist, rounded 

to 100 km) in autumn (A) and spring (S) is given as the great-circle distance between estimated median positions at breeding site and 

first or last, respectively, wintering location. Migration duration (MigDur) is given as the number of days between departure from the 

breeding site and arrival at the first or last, respectively, wintering location (see Table 1). Total migration rate (MigSp, in km per day) 

is calculated as Dist/MigDur. Travel days (TrDays) is the migration duration excluding number of stationary days and travel speed 

(TrSp) is calculated as Dist/TrDays. The number of stationary days is the sum of the number of days during Mediterranean stopover 

(Table 1 (main text), Table A4) and days during shorter stopovers (detailed data can be found at Movebank, movebank.org). 

 

individual sex DistA 

[km] 

MigDurA 

[days] 

MigSpA 

[km/d] 

TrDaysA 

[days] 

TrSpA 

[km/d] 

DistS 

[km] 

MigDurS 

[days] 

MigSpS 

[km/d] 

TrDaysS 

[days] 

TrSpS 

(km/d) 

2010-2011            

bird 1 M 5370 65 83 12 448 5331 34 157 12 444 

bird 2 F 5153 70 74 13 396 5313 48 111 6 886 

bird 3 F 4939 66 75 10 494 5212 30 174 6 867 

bird 4 F 5206 58 90 11 473 5206 47 111 11 473 

2011-2012            

bird 5 F 5186 57 91 11 472 5427 35 155 9 603 

bird 6 F 4936 68 73 15 329 5329 25 213 5 1066 

bird 7 M 5061 50 101 6 844 4923 38 130 9 547 

bird 8 F 5216 54 97 11 474 5477 36 152 8 685 

bird 9 M 5223 49 107 10 522 5285 27 196 6 881 

2012-2013            

bird 10 M 5100 66 77 9 567 5266 26 203 7 752 

bird 11 M 5371 58 93 10 537 5573 33 169 10 557 

bird 12 M 5185 72 72 15 346 4617 20 231 6 770 

            

mean±SD M -- 60±9 89±14 9±5 544±167 -- 30±7 181±36 8±2 659±167 

mean±SD F -- 62±7 83±11 12±2 440±64 -- 37±9 153±39 8±2 764±216 

mean±SD tot 5162±139 61±8 86±12 10±4 492±132 5247±255 33±9 167±39 8±2 711±192 

  

https://www.movebank.org/


15 

 

Appendix 5. Temperature data collected by the three Intigeo geolocators 

 

We evaluated how temperatures recorded by the Intigeo-P65C2-7 geolocators (Migrate 

Technology, http://www.migratetech.co.uk/) reflect ambient air temperatures by comparing air 

temperature recorded at the Ultuna Climate Station (59°82’ N, 17°65’ E; 

http://grodden.evp.slu.se/slu_klimat/index.html) with temperatures recorded by the geolocators 

(1) while not mounted on bird, i.e. before deployment in 2012 and after retrieval in 2013 (Fig. 

A2), and (2) while mounted on bird and when the bird was known (confirmed by sightings) to be 

stationary at its breeding site (Fig. A3). While not mounted on bird the geolocators had been 

placed on a roof at about 5 m above ground level at ca. 200 m from the climate station. On bird 

the distance to the climate station was 9-14 km. Geolocators sampled temperature at 5 min 

intervals and the maximum and minimum value every 4 hours was recorded. Those 4-hour 

recording periods differed in timing between geolocators because the start of the recording 

interval depended on the time when the geolocator was activated. From the hourly maximum and 

minimum temperatures recorded at the climate station we used the maximum and minimum 

value, respectively, during the 4 hours most closely matching the 4-hour recording period of each 

geolocator. The 4-hour recording period of the geolocators and matching 4 hours for climate 

station data were for bird 10 geolocator: 22:08-02:08, 22:00-02:00 (top panels in Fig. A2 & Fig. 

A3), bird 11 geolocator: 23:49-03:49, 00:00-04:00 (middle panels), bird 12 geolocator:18-04:18, 

00:00-04:00 (bottom panels). 

 

Below we show minimum and maximum temperature recorded by the three Integeo geolocators 

along median latitude and longitude as determined from the light data for the time period after 

geolocator deployment in 2012 (“autumn”, Fig. A4), before geolocator retrieval in 2013 

(“spring”, Fig. A5), and to allow viewing of more details during a shorter time period spanning 

only autumn migration in 2012 (Fig. A6). 

 

http://www.migratetech.co.uk/
http://grodden.evp.slu.se/slu_klimat/index.html.%20accessed%2014.01.2015
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Fig. A2. Relationship between temperature recorded by the three (rows 1-3) Intigeo geolocators 

(off bird) and air temperature recorded at a local climate station during time periods before 

geolocator deployment in 2012 (left panels) and after geolocator retrieval in 2012 (right panels). 

Minimum (blue) and maximum (red) temperatures are shown for one 4-hour period during night 

hours. Black lines depict a 1:1 relationship. For the geolocator shown in the middle panels there 

was no off-bird data recorded in 2013. 
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Fig. A3. Relationship between temperature recorded by the three (rows 1-3) Intigeo geolocators 

(on bird) and air temperature recorded at a local climate station during time periods after 

geolocator deployment in 2012 (left panels) and before geolocator retrieval in 2012 (right panels) 

when the birds were known to be at the breeding site. Minimum (blue) and maximum (red) 

temperatures are shown as in Fig. A2. Statistics for Pearson’s correlations are shown above each 

panel for minimum (T min) and maximum temperature (T max). 
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Fig. A4.Temperature during autumn 1 July – 31 December 2012. Minimum (blue) and maximum (red) temperature recorded by the 

three Intigeo geolocators are shown along median latitude (solid line) and median longitude (dashed; in decimal degrees) as 

determined from the light data. Temperature data are shown for two 4-hour recording intervals that coincide (at least partly) with 

hours during early (open symbol) or late (filled) night. The 4-hour recording periods were for bird 10: 22:08-02:08 and 02:08-06:08, 

bird 11: 23:49-03:49 and 03:49-07:49, bird 12:18-04:18 and 04:18-08:18. For better viewing minimum temperature is shown as 

recorded value-10, and longitude as median longitude+15. The open rectangle shows the time period spanning from 10 days before to 

10 days after equinox on 22 September. Vertical grey lines mark dates determined for departure from the breeding area (dashed) and 

Sahara passage (solid). The grey rectangle marks the time period when birds were determined stationary during their Mediterranean 

stopover (see Results). 

 

Fig. A5.Temperature during spring 1 January – 30 June 2013. The open rectangle shows the time period spanning from 10 days before 

to 10 days after equinox on 20 March. All other details as for Fig. A4. 

 

Fig. A6.Temperature during autumn migration 1 August – 31 October 2012. Details as for Fig. A4. 
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Figure A4. 

 



20 

 

Figure A5. 
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Figure A6. 

 


