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1. Additional information about light -level geolocation 

 
Table S1: Information of Common Terns being tagged with light-level geolocators. Given were their name, sex, year of birth, ring number (no.),                    
geolocator number (no.), deployment (deploy.) date, removal date, and name of mate./ = no return of adult; lost = return but geolocator lost;                            
highlighted grey = non/breeding movements tracked.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bird 2008 2009 2010 2011 

name sex year of ring  geol. deploy. mate geol. removal/deploy. mate geol. removal./deploy. mate removal 

    birth no. no. date name no. date name no. date name date 

Alitze f 1998 7731970 7153 31-05 Cadfael   /            

Eli f 1994 7729088 7149 31-05 Victor   /            

Wieland m 1997 7732141 7150 27-05 Antonia 7414 03-06 Marianna 21166 29-05 Marianna 18-05 

Kasimir m 1994 7729014 7152 27-05 Cornelia 7406 20-05 Cornelia 21157 27-05 Cornelia /  

Nina f 1997 7731348 7151 31-05 Moses 7407 26-05 Moses 21168 31-05 Moses 18-05 

Salome f 2000 7783558       7408 28-05 Ernst 21164 29-05 Ernst 13-05 

Minna f 1998 7700408       7409 28-05 Joachim 21167 29-05 Joachim 18-05 

Cornelia f 1995 7731633       7410 28-05 Kasimir 21162 29-05 Kasimir 01-06 

Moses m 1997 7732149       7411 28-05 Nina 21165 29-05 Nina 19-05 

Joachim m 1999 7782159       7413 01-06 Minna 21158 27-05 Minna 19-05 

Ernst m 1999 7782099       7405 20-05 Salome 21160 27-05 Salome 12-05 

Marianna f 1997 7732696       7415 05-06 Wieland 21159 27-05 Wieland 16-05 

Werner m 1996 7729699       7412 28-05 Claire   /      

Claire f 1996 7729678       7404 20-05 Werner    lost     

Heiner m 1999 7782380             21163 29-05 Ayla 10-05 

Ayla f 2000 7783506             21161 27-05 Heiner 09-05 
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Table S2: Estimated mean longitude and mean latitude positions ± standard deviation (SD) of individual wintering areas                                                                                                  

of 9 common terns, 2009 ï 2011. For three birds wintering areas were estimated for more than one year. Number of                                                                                                                    

locations considered for the estimated mean wintering area (n loc.). For three birds a stopover either during autumn or                                                                                               

during spring migration could be estimated. As for the wintering area estimated mean longitude and latitude   positions                                                                                                  

± standard deviations (SD) were given. The period of stopover was indicated. NA= Not analysed. 

bird, year wintering area stopover during autumn or  spring 

name sex zear longitude 

mean±SD 

latitude 

mean±SD 

n loc. longitude 

mean±SD 

latitude 

mean±SD 

period 

Joachim m 2009/10 -17.77±0.37 18.8±2.52 232    

  2010/11 -17.37±0.35 18.44±2.19 183    

Moses m 2009/10 -16.32±0.34 9.39±0,86 228    

  2010/11 -16.68±1.0 11.37±2.21 138 -13.76±1.14 30.58±0.52 13-10 ï 20-10 

Kasimir m 2009/10 -17.30±0.51 15.14±4.17 240 -17.39±0.35 29.16±1.12   NA    ï 12-04 

Cornelia f 2009/10 -20.08±1.34 19.13±2.08 166 -17.04±0.44 25.85±0.48 08-08 ï 05-09 

  2010/11 -16.73±0.77 24.06±2.04 220    

Heiner m 2010/11 -16.07±0.41 10.99±2.23 212     

Ayla f 2010/11 -17.87±0.96 20.33±2.0  77    

Ernst m 2010/11 -15.51±0.44 10.27±2.03 228    

Wieland m 2010/11 -15.77±1.33 10.44±4.41 222    

Marianna f 2009/10 -22.42±1.08 18.33±2.24  82    
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Figure S1. Density distribution of ground speed of the entire track (bars) and the corresponding 

gamma distribution (shape = 1.51, rate = 0.13, red line) exemplary for one bird (Kasimir tracked in 

2009 to 2010). 

 

Figure S2. Lognormal distribution of twilight errors (mean of the distribution = 1.792, standard 

deviation of the distribution = 0.788; both on a log scale). 
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Figure S3. individual light-level geolocation data. Longitude and latitude estimates (red lines) over 

time for each individual. Blues lines indicate 95% confidence intervals. Black lines indicate obvious 

ŎƘŀƴƎŜǎ ƛƴ ōƛǊŘΩǎ ǿƘŜǊŜŀōƻǳǘǎΦ ¢ƘŜǎŜ ŘŀǘŜǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ŘŜŦƛƴŜ ŘŜǇŀǊǘǳǊŜǎ ŀƴŘ ŀǊǊƛǾŀƭǎ ƻŦ ǎǘŀǘƛƻƴŀǊȅ 

periods, i.e. breeding area, stopover sites, and wintering grounds (see Table 1, Table S2). Grey 

dashed lines indicate longitude/latitude of the breeding area and first/last reading of transponder at 

the breeding colony. Outlier estimates are clearly recognizable; these were excluded for estimating 

wintering grounds. Some light-level geolocators produced corrupt data at certain times of the 

recording which could not be corrected for. This decreased the precision of our data and should be 

kept in mind when interpreting the data. Grey bars indicate ten days around (± 10 days) each 

equinox. As only latitude estimates were affected by the equinoxes, grey bars are only indicated in 

the plots showing latitudinal estimates over time. In Table S2 the number of locations considered to 

estimate mean wintering areas are given for each individual. 

Figure S3a. LGeolocator number 7406  =  Kasimir 2009 ς 2010 
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Figure S3b. LGeolocator number 7410  =  Cornelia 2009 ς 2010 

The internal geolocator clock drifted during the winter so that longitude could not be estimated 

correctly. Based on the plot longitude over time, we estimated that the internal geolocator clock 

started drifting on the 28rd of January 2010. We, therefore, did not consider locations after that date 

for estimating the wintering ground and also not for determining start of spring migration. 
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Figure S3c. LGeolocator number 7411  =  Moses 2009 ς 2010 

Both higher longitude estimates in summer 2009 and lower longitude estimates in spring 2010 in 

comparison to longitude of the breeding colony suggest a drift of the internal geolocator clock over 

the year. Whether this shift occurred gradually over the season or whether the marked shift in 

longitude in the beginning of November 2009 was responsible for the low estimates of longitude in 

spring 2010 remained unclear. Therefore, we did not control for this time shift here, but assume that 

the bird was at the colony on the 27th of April though longitude estimate was slightly too low. 
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Figure S3d. Geolocator number 7413  =  Joachim 2009 ς 2010 
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Figure S3e. Geolocator number 7415 = Marianna 2009 ς 2010 

Only winter locations between 11th of November and 22nd of December 2009 were considered to 

estimate mean wintering ground. Light-level geolocator broke at the end of the year 2009. 
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Figure S3f. Geolocator number 21158001 = Joachim 2010 ς 2011 

Only winter locations between 1st of November 2010 and 4th of February 2011 were considered to 

estimate mean wintering ground. Light-level geolocator broke in the beginning of February 2011. 
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Figure S3g. Geolocator number 21160001 = Ernst 2010 ς 2011 
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Figure S3h. Geolocator number 21161001 = Ayla 2010 ς 2011 

The internal geolocator clock drifted, see first figure of this bird. Based on the plot longitude over 

time, we corrected longitude estimates by adding 100°, see second figure of this bird. Data of this 

bird needs to be treated cautiously. Only winter locations between 10th of December 2010 and 20th 

of January 2011 were considered to estimate mean wintering ground 

First figure 
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Second figure 
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Figure S3i. Geolocator number 21162001 = Cornelia 2010 ς 2011 
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Figure S3j. Geolocator number 21163001 = Heiner 2010 ς 2011 
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Figure S3k. Geolocator number 21165001 = Moses 2010 ς 2011 

Light-level geolocator broke in the beginning of January 2011. Last reading of the bird at the breeding 

colony was 12th of July 2010. 
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Figure S3l. Geolocator number 21166001 = Wieland 2010 ς 2011 
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Figure S4. Frequency distribution of great circle distances between 10,000 randomly chosen 

wintering locations. Within-individual great circle distances between the wintering locations as 

estimated by light-level geolocation data for the three birds tracked during two winters (Joachim, 

aƻǎŜǎΣ /ƻǊƴŜƭƛŀύΦ !ƭǘƘƻǳƎƘ WƻŀŎƘƛƳΩǎ ǘǿƻ ǿƛƴǘŜǊƛƴƎ ƭƻŎŀǘƛƻƴǎ ǿŜǊŜ ƛƴ ŎƭƻǎŜ ǾƛŎƛƴƛǘȅ ǘƻ ŜŀŎƘ ƻǘƘŜǊ    

(58 km), 279 of the 10,000 great circle distances were closer to each other. The dashed orange line 

indicated the median great circle distance between the randomly chosen wintering locations. 
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2. Supplementary results 

 

Figure S5. Differences in wintering area between years based on 12 tracks with light-level geolocators 
of 9 Common Terns. Grey dots = 2009/2010 data; small black dots = 2010/2011 data. Dotted lines = 
95 kernel densities (highlighted in grey = 2009/2010); dashed lines 75 = kernel densities; solid lines = 
45 kernel densities. Large triangles = females (filled white encircled black = 2009/2010, filled black 
encircled white = 2010/2011); large squares = males (filled white encircled black = 2009/2010, filled 
black encircled white = 2010/2011). 
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Figure S6. Wintering areas of individual Common Terns (female Cornelia, males Joachim and Moses) 
with two years of data. Symbols as in Fig. S5. Great circle distance between mean estimated 
wintering locations were 647 km (Cornelia), 58 km (Joachim), and 223 km (Moses; see also Fig. S4). 
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Figure S7.  Seasonal variation in the temporal proportion of saltwater contact across different stages 
of the annual cycle. Mean daily percentage of time Common Terns had contact with salt water 
recorded by using saltwater immersion data from geolocators (B breeding, PB post-breeding, AM 
autumn migration, W wintering, SM spring migration). 
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Figure S8. Diurnal at sea activity during the stages of the annual cycle, based on tracks of 8 

Common Terns. The proportion of time at sea per daytime hour is presented. Vertical lines 

refer to mean sunrise and sunset times during wintering. (B breeding, PB post-breeding, AM 

autumn migration, W wintering, SM spring migration). The individual Ayla showed an 

internal clock shift (Fig. S3h). 
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Table S3. Sea water contact (hours per day ± SD, (n)) during the stages of the annual cycle, based on tracks of 8 Common Terns. Cf. Fig. 6 for daily 

proportions. Significant differences between stages are indicated by stage abbreviations (capitals p<0.05); GLMRM, n=6 individuals with data 

during each stage, respectively. 

 

 

ID  Breeding  Post-breeding  Autumn migration Wintering  Spring migration Pre-breeding 

Ayla  0.43 ± 0.77 (114) 1.12 ± 1.09 (12) 4.92 ± 4.06 (49) 4.05 ± 3.03 (112) 4.86 ± 2.51 (58)         -           

Cornelia 0.35 ± 0.55 (101)         -                      0.65 ± 0.68  (7) 4.75 ± 2.91 (205) 3.59 ± 2.59 (54)         -           

Ernst  0.30 ± 0.52 (100) 0.30 ± 0.23 (44) 0.67 ± 0.76 (37) 2.23 ± 1.33 (118) 3.58 ± 1.56 (49) 1.16 (1) 

Heiner  0.27 ± 0.40 (109) 0.24 ± 0.09 (12) 0.49 ± 0.54 (56) 1.55 ± 1.09 (106) 3.37 ± 1.51 (55) 1.22 ± 1.59 (7) 

Joachim 0.47 ± 0.67 (98) 1.74 ± 1.39 (18) 5.37 ± 4.11 (32) 5.27 ± 3.22 (104) 2.00 ± 0.84   (2)         -           

Kasimir 0.14 ± 0.19 (85) 0.98 ± 0.80 (61) 1.60 ± 1.71 (29) 2.41 ± 1.79 (172) 3.50 ± 2.88 (24)         -           

Moses  0.10 ± 0.05 (44) 1.07 ± 1.05 (55) 1.10 ± 1.60 (52) 1.22 ± 1.22 (81)         -                              -          

Wieland 0.12 ± 0.37 (83) 0.36 ± 0.45 (46) 1.78 ± 1.66 (31) 3.79 ± 2.96 (147) 2.52 ± 1.32 (46)         -          

Mean (n=6) 0.29 ± 0.14  0.79 ± 0.59  2.47 ± 2.13  3.21 ± 1.39  3.31 ± 0.99          -                                  

p  A, W, S  A, W, S  B, P   B, P   B, P 

 

 

 

 

 



24 
 

3. Additional information about potential effects of geolocators on Common 

Terns 

 

Arrival mass 

In three individuals body mass at arrival could be compared between one or more years before 

attachment of the geolocator and while the bird was carrying it. Average value before 

geolocator attachment was 125.3 ± 5.8 g (SD, n=3), and with geolocator 138.5 ± 8.7 g (n=4). 

Kasimir, before 122 g (2008)/with 127 g (2011); Ayla, before 122 g (2009)/with 148 g 

(2011); Cornelia, 1999-2002,  before, on average 132 g (124-136 g)/with 140 g (138 and 141 

g, 2010 and 2011, respectively). These values were within the common range of arrival mass 

of Common Terns at the breeding grounds, i.e.128-136g, depending on age (Limmer & 

Becker 2007). 

 

Mass at catching 

For 12 breeders no differences were found in mass at catching before deploying the 

geolocator and after retrieving it (first catch: 128.9 ± 3.3 g, second catch with geolocator: 

130.4 ± 2.5 g; t = -0.848, df = 11, p = 0.415, t-test).  

 

Figure S9. Common Tern marked with steel ring (right leg) and geolocator attached  

to a plastic ring (left leg; Photo: Sabrina Weitekamp) 


