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Appendix 1: Material and methods 

 

Geolocator types, details on recaptured birds and study site 

Geolocator types 

Swifts were fitted with two different geolocator types from Biotrack Ltd (Wareham, UK). In 
2012, we used the model MK5540 (battery life: 9 months) and, in 2013, the model ML6590 
(battery life: 1-2 years). Geolocator plus full body harness (made from 1 mm polyester 
braided cord, BTO, UK) constituted 1.5 to 1.9% of the individuals’ body mass (logger weight 
inclusive harness: 0.66-0.69 g in MK5540, 0.77-0.80 g in ML6590; body mass of swifts 
(mean ± SD): 42.8 ± 4.7 g, n = 10; Table A1). The return rate of individuals with a geolocator 
was 80% in 2013, and 70% in 2014. This is comparable to annual survival rates of about 80% 
for adult swifts without geolocators in our study colony in the same years, and it was also 
reported in the literature (Perrins 1971). In total, we were able to recover eleven geolocators 
from ten different individuals for data download (six loggers deployed in 2012 and five 
loggers deployed in 2013). One of the ten individuals, male (bird’s ID ‘5907’), was fitted with 
a logger in 2012 and again in 2013. Two males carried the same geolocator continuously for 
two years (ID ‘6000’, 2012-2014; ID ‘2930’, 2013-2015). 

 

Details on recaptured birds and study site 

Body mass of swifts was taken at capture and recapture to the nearest 0.1 g (KERNTM digital 
balance, Balingen, Germany). Since swifts are sexually monomorphic, we performed 
molecular sexing using buccal swabs or blood samples (Wellbrock et al. 2012, Adam et al. 
2014) and two different primer sets, P8/P2 (Griffiths et al. 1998) or CHD1-i9 (Suh et al. 
2011). We routinely marked swifts individually in the breeding colony with aluminium rings 
and passive transponders (trovanTM, EURO I.D., Weilerswist, Germany). Inside the bridge, 
antennas at entrances registered attendance at the nest site by reading the transponder code. In 
that way, arrival at and departure from the breeding site of the tagged swifts were recorded 
automatically and remotely. In addition, direct field observations and data from geolocators 
were consulted for these dates if an individual had lost its transponder or had stayed inside the 
bridge at a nest site without antenna. Generally, geolocation data could be used for this 
purpose because a drop in light level occurred whenever a swift entered a nest site inside the 
dark breeding colony.  
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Table A1. Catching dates, body mass and geolocator details of all ten tracked swifts. For three repeatedly 
tracked males (upper rows) and seven singly tracked swifts (lower rows), the table gives details on: bird's 
identification number (ID), sex (f =female, m = male), nest number, date of capture and recapture, body 
mass at date of capture and recapture, respectively, and type and weight of geolocator fitted to the ten 
individuals. Male '5907' carried two different geolocators consecutively in subsequent years, males '6000' 
and '2930' were recaptured two years after fitting the geolocator. Female '1728' died during incubation in a 
cold period, its body mass was determined one day after death (date of recapture). Bird's ID is colour-
marked accordingly to Figs 1-2, Figs A1-A2 and Table A2. The ID's of the breeding pair are highlighted in 
white letters. 

Bird's 
ID 

sex 
nest 
no. 

date of 
capture 

date of 
recapture 

body mass 
at capture 

(g) 

body mass 
at recapture  

(g) 

geolocator 
type 

geolocator 
weight  

(g) 

5907 m 183 17.07.2012 31.07.2013 35.9 40.0 MK5540 0.67 

5907 m 183 31.07.2013 30.07.2014 40.0 40.2 ML6590 0.77 

6000 m 37 20.07.2012  43.1  MK5540 0.68 

6000 m 37  30.07.2014  45.3   

2930 m 56 09.07.2013  44.7  ML6590 0.79 

2930 m 55  22.06.2015     

5955 f 72 17.07.2012 05.07.2013 37.6 43.8 MK5540 0.66 

2924 f 183 17.07.2012 31.07.2013 38.0 42.9 MK5540 0.69 

1728 f 190 23.07.2012 28.05.2013 45.0 29.4 MK5540 0.68 

5947 m 93 17.07.2012 11.07.2013 41.3 46.9 MK5540 0.67 

2946 f 205 22.07.2013 01.08.2014 43.5 42.3 ML6590 0.78 

2995 f 248 29.07.2013 29.05.2014 49.2 39.3 ML6590 0.79 

2935 m 94 31.07.2013 30.07.2014 49.5 47.3 ML6590 0.80 
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Analysis of geolocation data  

Data from geolocators were downloaded using the programme ‘Communicate’ within the 
BASTrack software package provided by the British Antarctic Survey (BAS). Light data were 
decompressed with the ‘Decompressor’ programme including adjustment for clock drift (< 3 
minutes). Subsequently, light data were analysed with the R-package ‘GeoLight’ (Lisovski 
and Hahn 2012). First, we determined sunrise and sunset times with the package’s function 
‘twilightCalc’ using the default threshold value of three light units above night baseline. 
Second, we applied light data from a post-deployment period (i.e. on-bird calibration) to 
derive a predefined sun-elevation angle (SEA). These data came from two males with 
geolocators staying several days at the breeding colony, but spent the nights outside the bridge 
as proven by antenna readings. Thus, dawn and dusk were recorded by geolocators. For the 
geolocator model MK5540, we used data from 05 July to 18 July 2012 of male ‘6000’; for 
ML6590, we took data from 09 July to 24 July 2013 of male ‘2930’. With this, we calculated 
one SEA for each geolocator model, separately, by means of the ‘getElevation’ function 
provided by the R-package ‘GeoLight’. The SEA for MK5540 was -4.8°, and for ML6590, 
we used a SEA of -5.45°. We assumed no significant difference in light sensitivity between 
devices of the identical model type, and influence of shading events on light data (e.g. due to 
vegetation) are negligible since swifts are birds of the open sky (Lisovski et al. 2012). 
Therefore, we used the same SEA for all individuals which carried the identical geolocator 
model. Third, we determined stationary periods (i.e. wintering areas and stopover sites) with 
function ‘changeLight’ and entered the options ‘quantiles = 0.9’ and ‘days = 4’ as minimal 
stationary period at stopover sites (Lisovski and Hahn 2012) and ‘days = 14’ for wintering 
areas, respectively (according to Liechti et al. 2015). Overall, two positions per day were 
obtained, one location at noon and one at midnight, which were both used in our analysis. Due 
to sometimes fast movements between two successive stationary periods within a day, a few 
assignments of positions to a specific stopover site or wintering area failed obviously with 
‘changeLight’. Single geographical positions at the transition between one site and its 
previous or subsequent one, respectively, did not match to the rest of positions of the 
stationary period they had been grouped into, but to those of a successive one. This kind of 
error was corrected manually. Since one cannot derive latitudes for equinox periods (i.e. night 
and day are about the same length at every location on earth), determined latitudes close to 
equinox are imprecise and geolocation data for three weeks before and after vernal and 
autumnal equinox were excluded from geographic positioning (Hill 1994). Nonetheless, 
longitude data of both equinox phases were used to identify stationary and movement periods 
in the analysis with the function ‘changeLight’. Finally, we smoothed longitude and latitude 
of every position following the method of Pütz (2002) as described in Lindström et al. (2016). 
We used 90 percent quantiles (or 50 percent to improve visual presentation) of longitude and 
latitude data within a stationary period to draw the outlines of each stopover site using the 
function ’dataEllipse’ of the R-package ‘car’. 

 

Non-parametric tests 

We analysed differences in total duration of both migration seasons and the wintering periods 
between years with two-tailed Mann-Whitney U tests. Differences between migration seasons 
(autumn and spring) in travel duration, stopover duration, total duration and number of 
stopover sites were tested with two-tailed Wilcoxon signed rank tests (with sample size 
reduced to non-zero paired differences). 
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Appendix 2: Supplementary results, figures and tables 

 

Migration route and detours 

All ten individuals made a detour via Spain and West Africa during autumn migration and 
nine individuals during spring migration (Fig. 1, Fig. A1). One female, which wintered in 
West Africa, flew directly from western Africa across Algeria, Italy, and along the Dalmatian 
coast to the breeding site in Germany during spring migration (Fig. A1d). Substantial overlap 
of geographic stopover positions of all ten individuals could be observed in Spain and 
Morocco, Senegal and Mauretania, Mali and Niger and at the coast of Liberia (Fig. 1, Fig. 
A1). Within the autumn detour, each individual turned its previous longitudinal migration 
direction from west to east before the end of August. Then, the female wintering in western 
Africa (pink track) turned immediately back again to western Africa, while the remaining nine 
moved on further east in individual-specific steps attaining the easternmost position around 
winter solstice. Latitudinal movement to the south stopped in most individuals not before the 
beginning of December and continued in single individuals into February.  

 

Timing and duration of migration, stopover and wintering 

In all ten individuals, departure from the breeding site happened within 5 d in 2012, and 
within 16 d in 2013 (Table A2). Travel duration varied from 7-24 d in autumn and 5-19 d in 
spring (both years together). There was no significant difference in travel duration between 
seasons (Wilcoxon signed rank test, Z = -1.483, p = 0.138, n = 9). Total duration in autumn 
migration lasted longer than in spring migration (Wilcoxon signed rank test, Z = -2.308, p = 
0.021, n = 10, Table A2). This difference was on average 10 d in those individuals tracked in 
2012 (n1 = 6) and on average 19.5 d in those tracked in 2013 (n2 = 4, Mann-Whitney U test, Z 
= -1.616, p = 0.106). Stopover duration varied between individuals from 0 up to 37 d during 
autumn migration and from 0 to 32 d during spring migration (Table A2). The difference in 
stopover duration between migration seasons was close to significance (Wilcoxon signed rank 
test, Z = -1.888, p = 0.059, n = 8). Individual number of stopover sites in all ten individuals 
varied between 0 and 5 in autumn and 0 and 3 in spring (Table A2). On average, there was an 
almost significant less number of stopover sites in spring than in autumn (Wilcoxon signed 
rank test, Z = -1.896, p = 0.058, n = 7; Fig. 1, Fig. A1). Variation between all individuals was 
most pronounced in timing of the wintering period. Both begin and end of the wintering 
period covered a time span of more than a month (Table A2). Total duration of the wintering 
period did not differ between years (Mann-Whitney U test, Z = -0.713, p = 0.476, n1 = 6 
(2012/2013), n2 = 4 (2013/2014)). Arrival at the breeding site in all ten individuals covered a 
period of 16 d in 2013 and of 19 d in 2014 (Table A2). 

 

Movement patterns at wintering areas 

Interestingly, the ten individuals showed three different movement patterns during the 
wintering period. Four individuals (three females and one male) performed a kind of loop 
movement through southeast and southern Africa starting from and ending in the Congo basin 
(Fig. A2a-c and f). Two males moved east-west between two separate areas (Fig. 2a, c, d, f) 
whereas another group of three individuals (two males and one female) flew more or less 
continuously from northwest to southeast and back to northwest/west Africa (males: Fig. 2b, e 
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and Fig A2e; female: olive track in Fig A2d). One single female showed a movement pattern 
completely distinct from the other nine individuals. This female stayed in Guinea and Liberia 
during the entire wintering period (pink track in Fig. A2d). On average, each individual 
changed its location four times during the wintering period (Table A2), with geographical 
overlap in wintering areas in the Congo basin (nine individuals) or in Guinea (single female).  

 

Breeding pair 

The male and the female of the breeding pair tracked in 2012/2013 migrated separately from 
each other and their routes differed in autumn and in spring (male: Fig. 1 a, d; female: purple 
track in Fig. A1 a, b). The breeding partners had a different number of stopover sites: The 
female stopped twice in both autumn and spring, the male had three stopover sites in autumn 
and none in spring (Table A2). The female travelled 3 d faster in autumn and 1 d slower in 
spring than the male and spent about three weeks (21 or 22 d) at stopover sites during both 
autumn and spring migration. The male stayed 37 d at stopover sites in autumn and had no 
stopover in spring. The male was 8 d longer at its wintering areas than the female, and the 
male arrived at the nesting site 3 d after the female (Table A2). During the wintering period 
(Fig. 2a, Fig. A2b), the female changed its whereabouts five times, whereas the male moved 
only four times (Table A2). 
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Table A2. Details on timing of migration of repeatedly tracked and singly tracked swifts. Table shows details on schedule for autumn migration, wintering period and spring 
migration for three repeatedly tracked male swifts (upper rows, males ‘5907, ‘6000’ and ‘2930’) and for seven singly tracked swifts (lower rows, five females and two males). All 
birds were experienced migrants aged two years or older. Given are bird's identification number (ID), sex (f = female, m = male), nest number and for the migration periods (dur. 
= duration): departure date from the breeding site in autumn, travel duration (i.e. total duration of migration minus stopover duration), stopover duration (i.e. time at stopover sites), 
total duration of migration and number of stopover sites (i.e. interruption of migration) for autumn and spring migration, and arrival date at the breeding site in spring. For the 
wintering period, the table shows arrival date at the first wintering area, total duration of the entire wintering period, number of changes between wintering areas and departure 
from the last wintering area. Geolocator batteries died on 19.04.2014 in male '5907' and on 21.11.2013 in male '6000'. Bird's ID is colour-marked accordingly to Figs 1-2, Figs A1-
A2 and Table A1. The ID's of the breeding pair are highlighted in white letters. 

 

 

     autumn migration wintering period spring migration 

Bird's 
ID 

sex 
nest 
no. 

departure 
date from 
breeding 

site 

travel  
dur. 
(d) 

stopover 
dur.  
(d) 

total 
dur. 
(d) 

no. of 
stopover 

sites 

arrival date 
at the first 
wintering 

area 

entire 
dur. 
(d) 

no. of 
changes 
between 

areas 

departure date 
from the last 

wintering area 

travel 
dur. 
(d) 

stopover 
dur.  
(d) 

total 
dur.  
(d) 

no. of 
stopover 

sites 

arrival 
date at the 
breeding 

site 

5907 m 183 19.07.2012 19 37 56 3 13.09.2012 228 4 29.04.2013 10 0 10 0 09.05.2013 

5907 m 183 01.08.2013 14 18 32 3 02.09.2013 >229 4      06.05.2014 

6000 m 37 22.07.2012 15 16 31 2 22.08.2012 235 4 14.04.2013 19 5 24 1 08.05.2013 

6000 m 37 19.07.2013 14 10 24 1 12.08.2013 >101 2      05.05.2014 

2930 m 56 28.07.2013 24 0 24 0 21.08.2013 249 4 27.04.2014 13 0 13 0 10.05.2014 

2930 m 55 21.07.2014 19 0 19 0 09.08.2014 259 3 25.04.2015 13 0 13 0 08.05.2015 

5955 f 72 19.07.2012 17 23 40 2 28.08.2012 205 4 21.03.2013 15 32 47 3 07.05.2013 

2924 f 183 20.07.2012 16 21 37 2 26.08.2012 220 5 03.04.2013 11 22 33 2 06.05.2013 

1728 f 190 23.07.2012 20 0 20 0 12.08.2012 239 4 08.04.2013 16 0 16 0 24.04.2013 

5947 m 93 19.07.2012 7 27 34 3 22.08.2012 217 7 27.03.2013 17 13 30 1 26.04.2013 

2946 f 205 03.08.2013 22 5 27 1 30.08.2013 261 4 18.05.2014 5 0 5 0 23.05.2014 

2995 f 248 29.07.2013 18 18 36 2 03.09.2013 227 3 18.04.2014 9 8 17 1 05.05.2014 

2935 m  31.07.2013 19 30 49 5 18.09.2013 206 5 12.04.2014 19 4 23 1 05.05.2014 
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Figure A1. Migration routes and stopover sites of seven individual common swifts which were 
singly tracked with geolocators. The upper row shows routes during autumn and spring 
migration of four individuals tracked 2012/2013, the lower row tracks of three individuals 
during autumn and spring migration 2013/2014. Given are routes of five females (purple, light 
orange, sky-blue, pink and olive) and two male (red and dark cyan). Rhombuses indicate start 
points of tracks, triangles represent end points. Stopover sites are given as ellipses (covering 
50% of positions to improve visual presentation). Black symbols mark the position of the 
breeding site. Some movements occurred during or close to autumnal or vernal equinox (black 
lines), when no latitude of a position could be determined. 
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Figure A2. Wintering areas of swifts which were singly tracked with geolocators. Up to two 
daily positions of seven different individuals, five females (a-d) and two males (e and f), are 
given recorded during two different wintering periods (2012/2013 in a-c and e, and 2013/2014 
in d and f). Individuals’ colours, symbols, and black lines were coded as in Fig. A1. 
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