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Abstract
The Common Tern (Sterna hirundo) is one of Germany’s farthest migrating bird species. Ringing studies have shown the 
use of the East Atlantic flyway, and according to their main wintering areas at the western and southern African coasts, Ger-
man and European Common Tern populations have been divided into two allohiemic groups. However, first ring recoveries 
of German Common Terns in Israel indicated that some of the birds breeding in eastern Germany cross central Europe and 
migrate along the eastern African coast. To investigate the migratory behavior of Common Terns from East Germany, we 
fitted 40 Common Terns breeding in a colony at the German Baltic coast with light-level geolocators. Twenty-four loggers 
with analyzable datasets could be retrieved, revealing two different migratory strategies within one population. Seventeen 
individuals (70.83%) used the eastern Atlantic flyway and spent the winter at the western African coast, the Gulf of Guinea 
and the southern African coast, while the other individuals (n = 7; 29.17%) crossed central Europe, migrated along the 
eastern African coast and overwintered in the Mozambique Channel and South African coast. We, therefore, suggest to add 
a third allohiemic group to complement the picture of European Common Tern migration. Moreover, our results provide 
new knowledge and open new questions, which can be used for future studies regarding the evolution of different migratory 
strategies and its consequences in relation to climate change.
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Zusammenfassung
Licht-Dunkel-Geolokation zeigt verschiedene Zugstrategien an der Ostsee brütender Flussseeschwalben (Sterna 
hirundo). Flussseeschwalben (Sterna hirundo) gehören zu den am weitesten ziehenden Vogelarten in Deutschland. 
Beringungsstudien haben gezeigt, dass sie den Ostatlantischen Zugweg nutzen, und entsprechend ihrer Winterquartiere an 
den west- und südafrikanischen Küsten wurden deutsche und europäische Brutpopulationen in zwei allohiemische Gruppen 
eingeteilt. Erste Wiederfunde beringter Flussseeschwalben in Israel weisen allerdings darauf hin, dass offenbar einige im 
Osten Deutschlands brütende Flussseeschwalben Mitteleuropa überqueren und einen Zugweg entlang der ostafrikanischen 
Küste nutzen. Um das Zugverhalten an der deutschen Ostseeküste brütender Flussseeschwalben zu dokumentieren haben wir 
40 Individuen mit Hell-Dunkel-Geolokatoren ausgestatt Vierundzwanzig auswertbare Datensätze konnten analysiert werden, 
die die Nutzung zweier unterschiedlicher Zugstrategien zeigten. Siebzehn (70.83%) der Vögel nutzten den ostatlantischen 
Zugweg und verbrachten den Winter an der westafrikanischen Küste, im Golf von Guinea und an der südafrikanischen 
Küste, während die übrigen (n = 7, 29.17%) Mitteleuropa überflogen, entlang der ostafrikanischen Küste zogen und in der 
Straße von Mosambik und an der Küste Südafrikas überwinterten. Anhand dieser Ergebnisse schlagen wir vor eine dritte 
allohiemische Gruppe zu der bisherigen Einteilung hinzuzufügen um das Bild der Migration europäischer Flussseeschwalben 
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zu vervollständigen. Unsere Ergebnisse liefern neue Grundlagen und öffnen neuen Fragen für die weitere Erforschung der 
Entstehung der verschiedenen Migrationsstrategien sowie der daraus entstehenden Folgen im Angesicht des Klimawandels.

Introduction

Humans always had been fascinated by the mysteries of 
annual bird migration. During the last 120 years, many of 
them have been solved thanks to bird ringing, however, 
many questions are still open. In many cases migration is 
primarily an adaptation for exploiting seasonal peaks of 
resource abundance and avoiding seasonal resource depres-
sion (Alerstam et al. 2003), which enable migratory species 
to breed in regions which are not suitable for year-round use. 
It comes, however, with the drawback of a dependency on 
a linked chain of sites essential for completing their annual 
cycles (Myers et al. 1987). As threats to sites within these 
chains may drive rapid population declines of migrant spe-
cies (Runge et al. 2015), a better understanding of migration 
strategies (e.g. routes, stopover sites, and wintering areas) 
is fundamental for the protection of threatened migratory 
bird species, especially in the context of climate change and 
human induced habitat loss.

One of Germany’s farthest migrating bird species is the 
Common Tern (Sterna hirundo), considered as critically 
endangered in the German red list (Ryslavy et al. 2020). 
Most of the German Common Terns breed in the Wad-
den Sea and at the Baltic coast, but smaller numbers are 
also found in inland colonies at rivers and lakes (Gedeon 
et al. 2014). Ring recoveries have shown that the wintering 
areas of German Common Terns are up to the southernmost 
parts of Africa (Bairlein et al. 2014). Several analyses of 
ring recoveries have shown that they use the East Atlantic 
Flyway, migrating in south-western direction, following the 
European and African Atlantic coasts (Nebelsiek 1966; Neu-
bauer 1982; Bairlein et al. 2014; Heinicke et al. 2016). Based 
on their main wintering areas, German breeding populations 
have been divided into two main groups (Neubauer 1982): 
the birds breeding at the North Sea as well as in western and 
southern German inland, which mainly overwinter at the 
western African coasts between Western Sahara and Nigeria 
(Nebelsiek 1966; Neubauer 1982; Bairlein et al. 2014), and 
the birds breeding at the Baltic coast and in eastern Ger-
man inland, which migrate further and spend the winter at 
the southern African coasts (Neubauer 1982; Bairlein et al. 
2014; Heinicke et al. 2016).

In 2011, a Common Tern ringed at Böhmke Island (north-
east Germany, Fig. 1), which had been recaptured in Israel 
(Fiedler et al. 2013), was the first evidence of a German 
Common Tern using a migration route in south-eastern 
direction. One year later, a bird ringed in Israel was found 
breeding in an inland colony at Lake Trauerwiesen in Sax-
ony (eastern German inland, Fig. 1, Fiedler et al. 2013). 

So far, migration between eastern Germany and Israel has 
been documented for twelve individuals (database Hidden-
see bird ringing center), raising suspicion that the propor-
tion of German Common Terns using an eastern migration 
route might be larger than expected when the first bird was 
caught. Beside the birds ringed or recaptured in Israel, there 
are only four other recoveries of German Common Terns 
which might be assigned to the eastern route. They concern 
individuals ringed in eastern Germany which were recently 
found in southern Poland, Czech Republic, and Hungary 
(Fiedler et al. 2020). Until now, there are no ring recoveries 
of German Common Terns from eastern Africa, but it has 
been presumed that birds using the eastern migration route 
follow the red sea and eastern African coast to wintering 
areas in southern Africa (Heinicke et al.2016).

In the last decades, tracking devices such as global posi-
tioning systems (GPS) and light-level geolocators became 
smaller and more lightweight, hence could be used to reveal 
the secret year-round migratory behavior of an increasing 
number of species (McKinnon et al. 2013; Alarcón and 
Lambertucci 2018). Light-level geolocators record ambi-
ent light intensity and the geographic information can be 
estimated from the reconstructed times of dawn and dusk 
(Fiedler 2009; Bridge et al. 2013). They have been used suc-
cessfully before on Common Terns, revealing the migra-
tion routes and wintering areas of individuals breeding in 
northern America (Nisbet et al. 2011; Bracey et al. 2018) 
and the Azores (Neves et al. 2015). Becker et al. (2016) and 
Kralj et al. (2020) were the first to use light-level geoloca-
tors on Common Terns in continental Europe. The terns fit-
ted with geolocators in Wilhelmshaven confirmed the main 
wintering areas of north-western German Common Terns 
in western Africa (Becker et al. 2016, see also Kürten et al. 
2022), whereas Kralj et al. (2020) revealed the eastern fly-
way, used by Hungarian and Croatian Common Terns, for 
the first time.

Baltic Common Terns, however, have not been tracked 
yet, and knowledge about their migratory behavior is based 
only on ring recoveries. To fill this gap and get a more 
detailed insight into their migratory behavior we fitted 40 
breeding individuals from a colony at the German Bal-
tic coast with light-level geolocators. Our aim was to get 
detailed information about their migration routes, stopover 
sites, and wintering areas, especially for birds using the east-
ern route, where recoveries of ringed birds are extremely 
rare. An identification of migration routes, stopover sites and 
wintering areas is important, as it may help to adjust and/
or develop new knowledge-based conservation management 
that may not only help to conserve Common Terns, but also 
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other migratory species suffering from climate change and 
human induced habitat alterations.

Methods

Study site and study birds

Common Terns are long-distance migratory seabirds 
(Becker and Ludwigs 2004), which show a high degree of 
breeding philopatry (Szostek and Becker 2012; Zhang et al. 
2015). They are relatively easy to catch during the incuba-
tion, and as they are large enough to carry loggers without 
detectable negative effects on their reproductive success and 
survival (Kürten et al. 2019) are well suited for geolocator 
studies.

In Mecklenburg-Western Pomerania, Common Terns 
breed in several colonies at the Baltic coast, as well as in 
inland colonies at lakes (Köhler and Neubauer 2015). Cur-
rently, the largest colony with about 150 pairs is found on 
Riether Werder (53°42' N 014°16' E, Fig. 1), a protected 
island in the German part of the Szczecin Lagoon. Although 

the degree of interconnectedness is unknown, Common 
Terns breeding on Riether Werder seem to be part of a 
larger population in the western Baltic Sea, since natal and 
breeding dispersal is shown regularly between birds from 
Mecklenburg—Western Pomerania, eastern German Inland, 
Poland and the Baltic coast of Denmark, whereas exchange 
with the North Sea population is extremely rare (Heinicke 
et al. 2016).

Since 2013, breeding birds and nestlings have been ringed 
annually in the colony on Riether Werder, so the birds are 
used to the presence of ringers during the whole breeding 
season. To prevent egg damage while catching the breeding 
adults with walk-in cage traps placed on the nest, the real 
eggs were temporally exchanged with fake eggs, and stored 
in polystyrene boxes to prevent cooling.

Programming, deployment and recovery 
of geolocators

A total of 40 individuals were fitted with light-level geoloca-
tors (Intigeo-W65A9-SEA, Migrate Technology Ltd) dur-
ing the breeding season in 2019. To enhance the chance of 

Fig.1  Locations of all European Common Tern colonies mentioned in this article



806 Journal of Ornithology (2022) 163:803–815

1 3

recapture, only birds which have been recorded breeding 
at least once before in the colony on Riether Werder were 
chosen. Thirty-nine of them had been ringed in the colony 
on Riether Werder, either as breeding adults or nestlings, 
and one had been ringed as nestling in a colony at Lake 
Breeser (Fig. 1) in 2003, but it was breeding on Riether 
Werder since 2013. The loggers were programmed to sample 
light intensity and wet/dry data. Light intensity was sampled 
every minute and the maximum light intensity was recorded 
every 5 min. Wet/dry conditions were sampled every 30 s, 
for “wet” counts conductivity was set to only record contact 
with saltwater to identify periods when a bird was exposed 
to seawater.

To attach the geolocators to the bird’s leg, they were 
wrapped in a thin layer of self-annealing tape and mounted 
to a plastic leg ring with an UV-resistant cable tie. The plas-
tic rings were glued to prevent ring loss. The total weight of 
the ring, geolocator, tape, tie, and glue was 0.95 g (± 0.02 g), 
representing 0.7% of the mean body mass of an adult Com-
mon Tern (around 130 g according to Wendeln and Becker 
1996), which conforms with the international standards of 
maximum 3–5% of an animal`s body weight (Bridge et al. 
2011), and can be used without having detectable negative 
effects on their survival (Kürten et al. 2019). The average 
handling time per bird was about five minutes.

In the following breeding season, a total of 29 (72.5%) 
of the individuals fitted with a logger could be recaptured 
in the colony on Riether Werder. One other bird was seen 
twice and identified by its coded leg ring but could not be 
recaptured. Another individual was photographed with its 
logger still present at a post-breeding roosting assembly in 
Świnoujście (24 km north from Riether Werder) in August 
2020, but its breeding place remained unknown. After recap-
turing a bird, the logger and cable tie were removed. As four 
of the recaptured birds had lost their loggers, a total of 25 
(62.5%) of the loggers could be retrieved. Of the 25 retrieved 
loggers, 23 (92%) had worked properly for the entire year, 
while the other two stopped working after 8 and 2 months, 
respectively. The latter one was excluded from all analyses, 
as the bird had not left the breeding area when the logger 
failed.

Data analysis

After extracting the data, light-level analyses were con-
ducted in R Studio (v4.0.2, RStudio Team 2020) according 
to the online supplementary manual of Lisovski et al. (2020), 
using the packages BAStag (Wotherspoon et al. 2016) for 
twilight determination, FLightR (v0.5.1 Rakhimberdiev 
et al. 2015) for the analyses and maps (Becker et al. 2018) 
for the visualizations.

Twilight determination was done with a light-level 
threshold of 1.5 lx, extreme outliers (wrongly identified 

sunrises or sunsets caused by periods of strong shading 
at day or artificial lighting at night) were removed manu-
ally. Data recorded during the breeding time, identified by 
the long shading periods when birds covered the logger 
during incubation, were excluded from the analyses. Two 
5–20-day calibration periods at the breeding site were set 
individually for each bird (first after the incubation period 
and prior to migration, second after returning to the colony 
and prior to incubation). A second calibration period was 
not possible for the loggers which stopped working during 
the year (n = 2). Based on a preliminary and unconstrained 
analysis of the geolocation data using the software Inti-
proc, (v1.03, provided by Migrate Technology), we spa-
tially constrained the final model between 35° W, 40° S, 
25° E and 60° N for birds using the western migration 
route, and 5° W, 40° S, 70° E and 60° N for birds using the 
eastern migration route, using the make.grid function. We 
run the model with the  1e6 particle filter recommended by 
Lisovski et al. (2020).

The stopover analyses were conducted with a cut-off 
probability (minimal threshold probability of moving, 
Lisovski et al. 2020) of 0.4. Stopovers were defined as sta-
tionary periods where an individual had spent at least 10 
twilights (5 days) in a given area, as Common Terns are 
thought to use stopover sites for more than 5 days (Becker 
et al. 2016; Kralj et al. 2020). The full R code is shown in 
online resource 1.

As post-breeding dispersal and start of autumn migra-
tion was not always easy to differentiate, only movements 
resulting in stopovers of ≥ 20 days which were still ≥ 50°N 
were considered as post-breeding dispersal. Stopovers esti-
mated < 200 km from Riether Werder were neglected due 
to the general imprecision of light-level geolocation. As not 
all individuals remained stationary during winter, wintering 
areas were defined as those where the birds stayed between 
November and January. Consequently, they could be large or 
consist of two or more smaller regions, spatially separated.

Duration of migration was defined as the time between 
departure from the Szczecin Lagoon or, in birds showing 
post-breeding dispersal, from the area to which they dis-
persed and arrival at the wintering area and vice versa. Wet/
dry data were plotted as minutes per day in which a logger 
had contact to saltwater. The low salinity of the Szczecin-
lagoon (ranging between 0.5 and 2 PSU, Radziejewska and 
Schernewski 2008), which basically resembles freshwater, 
allowed us to identify first and last contact to saltwater after 
and before the breeding season, which could be used to con-
firm the dates of departure from or arrival at the breeding 
area, respectively. Arrival and departure dates were defined 
as the date when the bird arrived at or departed from the 
region where it spent the winter.

According to their migration route and wintering areas 
the birds where divided into three groups:
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Group A: used western migration route, wintered in west-
ern Africa and the Gulf of Guinea;

Group B: used western migration route, wintered in 
Namibia and South Africa;

Group C: used eastern migration route, wintered in 
Mozambique and South Africa.

For statistical comparison of autumn and spring migra-
tion all individuals with full datasets (n = 23) were used. 
Paired t tests or, if data were not normally distributed, Wil-
coxon signed-rank tests were used to compare duration of 
autumn and spring migration and the number of days spent 
at stopover sites during each migration phase.

Birds wintering in western Africa were excluded for the 
statistical comparisons between birds using the eastern and 
birds using the western migration route, to have a direct 
comparison between birds wintering at the same latitude. 
Welch’s two-sample t tests or, for not normally distrib-
uted data Mann–Whitney U tests, were used to compare 
the duration of migration phases as well as the number of 
days spent at stopover sites during both migration phases 

between the birds of groups B and C. To compare the dates 
of start of spring migration and arrival in the breeding area 
between birds of groups B and C, dates were converted 
into day of the year and analyzed for differences using 
Welch’s two-sample t tests.

Visualization

Two maps were generated using QGIS (v3.8, QGIS Devel-
opment Team 2021), one showing the locations of all 
Common Tern colonies mentioned in this Article (Fig. 1), 
the other one showing all individual tracks and the winter-
ing areas of the Common Terns tagged at Riether Werder 
(Fig. 2). Wintering areas were visualized separately for 
birds of groups A, B, and C using the heatmap function 
(quartic kernel estimation with a radius of 2° and an output 
grid size of 0,1°) for locations estimated for daily twilight 
events in FlightR between the individually estimated days 
of arrival at and departure from the wintering area.

Fig. 2  Migration routes and 
wintering areas of 24 Com-
mon Terns from Riether 
Werder tracked with light-level 
geolocators. Three groups are 
represented: A: western migra-
tion route, wintering in western 
Africa and Gulf of Guinea; 
B: western migration route, 
wintering in Namibia and South 
Africa; and C: eastern migration 
route, wintering in Mozambique 
and South Africa. Wintering 
areas for group A, B, and C are 
visualized as heatmaps based 
on the individually estimated 
location for each twilight event 
between arrival at and departure 
from the wintering area
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Results

Summary of immersion data

The Szczecin-lagoon was not recognized as saltwater 
by the loggers. In all birds, first saltwater contacts were 
registered after the breeding season, although in eight 
individuals first saltwater contact was recorded before 
the estimated departure from the breeding area (online 
resource 2). During migration and in the wintering areas, 
all birds had contact to saltwater nearly every day, ranging 
between several minutes and several hours. First saltwater 
contact after the breeding season and last saltwater contact 
before returning to the breeding area are shown in Online 
resource 2, individual plots of saltwater contact during the 
year in minutes per day are shown in Online Resource 3.

Migration data analyses

Of the 24 birds with analyzable data, 17 (70.83%) took 
the western migration route, and seven (29.17%) the east-
ern route. Tracked migration routes and wintering areas 
of all individuals are shown in Fig. 2. A table summa-
rizing arrival and departure dates, duration of migration 
phases, and the number of days spent at stopover sites can 
be found in Online Resource 2. Individual plots showing 
the migration routes, stopover sites, and wintering areas 
are shown in Online Resource 4.

After breeding, most individuals stayed around the 
Szczecin-lagoon, while one individual dispersed west to 
the Netherlands (BS676) and stayed at the Wadden Sea for 
43 days until it started autumn migration.

Mean star t of autumn migration was August 
13th ± 18.9 days (July 5th–September 20th). Birds using 
the western migration route followed the Eastern Atlan-
tic Flyway (Fig. 2). Their stopover behavior was highly 
variable. Three birds reached their wintering areas at the 
western (BS667 & BS694) and southern (BS685) Afri-
can coasts, without making any stopovers at all, while 
the others made one or several stopovers, which in some 
cases lasted up to several weeks. Birds using the western 
migration route stopped in three main areas (Fig. 2): The 
North Sea (n = 8), western African coast (n = 8), and the 
Gulf of Guinea (n = 11). In the Gulf of Guinea, especially 
the coastal areas of south-eastern Ghana were often used 
as stopover sites. Two individuals even spent the entire 
winter in western Africa. One (BS667) spent the time 
between end of August and beginning of December at the 
coasts of Mauritania and Senegal before moving to the 
coast of Ghana, where it joined the other one (BS694), 
which spent the entire winter in this region. The remaining 

15 individuals migrated further south to wintering areas 
at the coasts of Namibia and South Africa and made fur-
ther stopovers at the coasts of Gabon, Congo or Angola. 
At the southern African coast, the area around Walvis 
Bay (Namibia) was the most frequented wintering area 
(n = 10).

Spring migration started on average on March 
18th ± 8.0 days (March 5th–March 30th). The birds did 
not stop in the Gulf of Guinea during spring migration, 
but all birds rested some time at the western African coast 
(n = 17) before flying back to Europe. Eight of the birds 
stopped at Bay of Biscay, a stopover site that was not used 
during autumn migration, and six individuals stopped at 
the North Sea before they returned to the breeding area. 
Mean arrival date was on April 23rd ± 6.6 days (April 
10th–May 9th).

Birds using the eastern migration route either directly 
crossed central Europe to reach the Mediterranean coast in 
Greece or Turkey (n = 3) or first flew to the western coast of 
the Black Sea and then turned south to the Mediterranean 
Sea (n = 4). After crossing the Mediterranean Sea, they all 
followed the Red Sea, crossed the Horn of Africa and fol-
lowed the eastern African coast south. The most frequented 
stopover sites were at the southern Red Sea and Gulf of 
Aden, where five of the seven birds spent between 30 and 
68 days. Further stopovers were scattered over the coasts 
of Somalia, Kenia, and Tanzania. The wintering areas of 
six of the seven birds on the eastern flyway were at the 
Mozambique Channel. Five of them wintered at the Mozam-
bican coast, and one (BS666) stayed for 84 days around the 
Comoro Islands and Madagascar, before it moved to the 
Mozambican coast, where the logger stopped working. The 
seventh bird (BS695) rested for 36 days in southern Mozam-
bique, and then flew to South Africa, where it moved back 
and forth twice between the areas around Port Elizabeth and 
Cape Town.

Mean start of spring migration of birds using the east-
ern migration route was on March 2nd ± 6.1 days (Febru-
ary 24th–March 13th). They did not make stopovers at the 
southern Red Sea and Gulf of Aden during spring migra-
tion, but short stopovers were scattered over the northern 
Red Sea, Suez Canal and the Nile delta. All of them made 
stopovers at the Mediterranean coast of Turkey or Greece, 
or the western coast of the Black Sea before crossing cen-
tral Europe and returning to the breeding area. Mean arrival 
day of birds using the eastern migration route was on April 
20th ± 1.5 days (April 18th–22nd).

Although autumn migration lasted longer in some indi-
viduals, no significant differences between the duration of 
autumn and spring migration were found, neither for all 
birds (Wilcoxon signed-rank test: V = 146, p = 0.820, n = 23), 
nor when only considering birds using the western migration 
route (paired-sample t test: t(16) = − 0.832, p = 0.418, n=17) 
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or birds using the eastern migration route (paired-sample t 
test: t (5) = 1.072, p = 0.333, n = 6).

Even though some of the birds, especially those using the 
eastern flyway, made long stopovers during autumn migra-
tion, in general there were no significant differences between 
the number of days spent at stopover sites during autumn 
and spring migration (Wilcoxon signed-rank test for all indi-
viduals: V = 112, p = 0.649, n = 23; paired-sample t test for 
birds using the western route: t (16) = − 1.823, p = 0.087 
n = 17; paired-sample t test for birds using the eastern route: 
t (5) = 1.089, p = 0.326, n = 6).

However, both migration phases lasted significantly 
longer in birds using the eastern migration route than in 
birds using the western migration route (Welch two-sample 
t test for autumn migration: t (6.390) = 2.452, p = 0.047, 
n = 22; Welch two-sample t test for spring migration: t 
(9.412) = 3.269, p = 0.009, n = 21). Similarly, during both 
migration phases birds using the eastern migration route 
spent significantly more time at stopover sites than birds 
using the western migration route (Welch two-sample t test 
for autumn migration: t (6.349) = 2.965, p = 0.023, n = 22; 
Wilcoxon signed-rank test for spring migration: V = 80, 
p = 0.007, n = 21).

Start of spring migration was significant earlier in 
birds using the eastern migration route than in birds using 
the western migration route (Welch two-sample t test: t 
(11.995) =  −  4.527, p < 0.001, n = 21), but arrival date in 
the breeding area showed no significant difference (Welch 
two-sample t test: t (17.284) =  − 1.555, p = 0.138 n = 21), 
although it was scattered over a larger time period by birds 
using the western route.

Discussion

Despite the indications of German Common Terns using 
a migration route in south-eastern direction since the first 
individual was recaptured in Israel (Fiedler et al. 2013), the 
large proportion of birds using the eastern migration route in 
this study, and the diversity of wintering areas exceeded our 
expectations. Based on ringing studies by Neubauer (1982), 
Bairlein et al. (2014), and Heinicke et al. (2016) it had been 
expected that the vast majority of the tagged birds would use 
the western migration route and spend the winter in Namibia 
and South Africa. Compared to ring recoveries, geolocation 
data, however, provide a much more detailed view of migra-
tory behaviour, as shown for several other European tern 
species (e.g. Chlidonias niger, Van der Winden et al. 2014, 
Sterna dougalli, Redfern et. al. 2021, Sterna paradisaea, 
Egevang et al. 2010; McKnight et al. 2013).

Most of the birds from Riether Werder stayed around 
the Szczecin-lagoon until the start of autumn migration, 
confirming the importance of the lagoon as roosting area 

(Heinicke et al. 2016). According to the immersion data, 
some individuals also stayed at the open Baltic Sea, as the 
loggers registered contact to saltwater before the bird left 
the breeding area. Some of the birds indeed have been seen 
roosting in Świnoujście at the outer coast of Usedom and 
Wollin, in August 2020 (database Hiddensee bird ringing 
central). As the distance between Riether Werder and the 
open Baltic Sea, where salinity ranges between 5 and 10 
PSU (Zettler et al. 2007), is less than 30 km (the Szczecin 
Lagoon and open Baltic Sea are only separated by a small 
spit of land, see Fig. 1), such movements were not recog-
nized by geolocation data. In agreement with Neubauer 
(1982) and Heinicke et al. (2016), first individuals started 
autumn migration in July, while the departure of the last 
individual on September 20th coincide with latest observa-
tions of Common Terns in Mecklenburg-Western Pomerania 
at the end of September and beginning of October (Köhler 
and Neubauer 2015).

Western migration route

Birds on the western route followed the East Atlantic Fly-
way, confirming the routes indicated by ringing studies 
(Neubauer 1982; Glutz von Blotzheim and Bauer 1999; 
Bairlein et al. 2014; Heinicke et al. 2016). The behavior of 
tagged birds was highly variable with regards to the number 
of stopovers as well as the time spent at stopover sites. Many 
of the birds using the western migration route had stopped 
at the North Sea. Most of these stopovers only lasted a few 
days, but some birds stayed there for longer periods, sug-
gesting that the North Sea is an important stopover site for 
Common terns.

Nearly all of the birds using the western migration route 
stopped at least once in western Africa, most made several 
stopovers in the region between Western Sahara and Liberia, 
and/or in the Gulf of Guinea. The coastal region of western 
Africa is a highly productive upwelling area (Helmke et al. 
2005), which is a very attractive region for wintering for 
many seabirds (Grecian et al. 2016), including different tern 
species (e.g. Becker et al. 2016; Heinicke et al. 2016; Red-
fern et al. 2021). In the Gulf of Guinea, the coastal areas of 
Ghana seem to be the most important stopover sites. Due to 
a high food abundance in brackish and saltwater wetlands, 
Common Terns are found in large numbers in this area 
(Ahulu et al. 2006). Especially the Ramsar sites around the 
capital Accra, such as Densu Delta, Songor Lagoon and Keta 
Lagoon are important roosting and wintering areas as they 
provide roosting and feeding sites for tens of thousands of 
waterbirds (Ntiamoa-Baidu et al 1998; Ahulu et al. 2006; 
Lamptey and Ofori-Danson 2014; Holbech et al. 2018). The 
wintering areas at the coasts of Mauretania, Senegal and 
Ghana used by two birds from Riether Werder, were also 
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found as main wintering areas for Common Terns tagged 
in Wilhelmshaven (Becker et al. 2016, Kürten et al. 2022).

Wintering areas further south were found in Namibia and 
South Africa, as expected for Baltic birds according to ring-
ing studies (Neubauer 1982; Bairlein et al. 2014; Heinicke 
et al. 2016). Most important stopover and wintering areas 
here seem to be around Walvis Bay, a Ramsar site of interna-
tional importance, which according to Wearne and Underhill 
(2005) hosts up to 15% of the flyway population of Common 
Terns. In South Africa, the area between St. Helena Bay and 
Cape Town, was used as wintering area by our birds, which 
agrees with ringing studies, although German Common 
Terns have been found at the southern and eastern coast of 
South Africa as well (Elliott 1971; Bairlein et al. 2014). The 
wintering areas at the coasts of Namibia and western South 
Africa lay at the Benguela current upwelling system, one 
of the world’s most productive marine ecosystems (Shan-
non and Field 1985), providing food for many endemic and 
wintering seabird species (Makhado et al. 2021).

While Gulf of Guinea did not play a role as resting area 
during spring migration, the Bay of Biscay was found to be 
a highly frequented stopover site, although not used during 
autumn migration. Although not clear, this pattern might 
be correlated with a strong increase of primary production 
in the Bay of Biscay in March and April (Garcia-Soto and 
Pingree 2009) and the recruitment of Anchovies (Engrau-
lis encrasicolus) which spawn there in spring (Borja et al. 
1996) and are a favorite prey of Common Terns (Mauco 
et al. 2001).

Eastern migration route

For the birds using the eastern migration route, two gen-
eral strategies to cross central Europe can be derived from 
the geolocation data, although not all individuals used the 
same strategy during both migration phases. The birds either 
migrated directly to the eastern Mediterranean coast or made 
a detour to the Black Sea. The most important stopover sites 
for birds using this route were in the southern Red Sea and 
Gulf of Aden. This area was also identified as an important 
stopover site by Kralj et al. (2020), as all four of their Com-
mon Terns tagged in Croatia and Hungary stopped there as 
well, three of them for more than 2 months. The southern 
Red Sea is a highly productive marine ecosystem, especially 
during winter when cold and nutrient rich water from the 
Indian Ocean is pressed through the Gulf of Aden into the 
Red Sea by winter monsoons (Raitsos et al. 2015). How-
ever, similar to Croatian and Hungarian Common Terns 
(Kralj et al. 2020), the birds from Riether Werder did not 
stay there during the high productive phase in winter. They 
moved further south and their main wintering area was in 
the Mozambique Channel, where five of them spent the win-
ter at the Mozambican coast, while one stayed around the 

Comoro Islands until it also moved to the continental coast 
in January.

The Mozambique Channel is a very productive region 
(José et al. 2016), which has been identified as wintering 
area for Croatian Common Terns (Kralj et al. 2020), as well 
as a hotspot for foraging tropical seabirds (Le Corre et al. 
2012) and wintering sub-Antarctic seabirds (Jaquemet et al. 
2014). However, the productivity in the Mozambique Chan-
nel depends on strong eddy activity, bringing nutrient rich 
water to surface layers (José et al. 2016). Annually, four to 
seven eddies transit from north to south through the Mozam-
bique Channel (Tew Kai and Marsac 2010), leading to an 
unequal distribution of productivity through the year. This 
might be an explanation for birds on the eastern route, in 
contrast to many on the western migration route, to move 
between different sites during winter. One of the individuals 
moved further south and to the South African coast, even 
rounding the Cape of Good Hope.

Similar to Croatian and Hungarian Common Terns (Kralj 
et al. 2020), the birds tagged at Riether Werder made no 
stopovers in the southern Red Sea during spring migration, 
but before they crossed Europe to return to their breeding 
area, they all made stopovers, either at the Mediterranean 
coast of Turkey or Greece, or at the western coast of the 
Black Sea.

Spring and autumn migration

Although autumn migration lasted up to 3 months for some 
individuals, we could not confirm the results of Kralj et al. 
(2020), which indicate that autumn migration lasted four 
times longer than spring migration, as we found no sig-
nificant difference between the duration of the migration 
phases. Faster spring migration is a common pattern in birds 
(Nilsson et al. 2013), although the opposite was found for 
the Common Terns tagged in Wilhelmshaven (Becker et al. 
2016; Kürten et al. 2022). This contrasting pattern may be 
caused by differences in the migration behavior between the 
different populations under study, or by variances in weather 
and wind conditions between different study years and 
migration routes, but also could be the result of low sample 
sizes, especially in the study by Kralj et al. (2020; n = 2) 
and high individual variation. In our study, on both flyways 
some birds were faster during spring migration while others 
were faster during autumn migration, indicating that there is 
indeed strong individual variation.

However, our results confirmed indications made by Kralj 
et al. (2020) when comparing to Becker et al. (2016), that 
birds using the eastern route spent significantly more time 
at stopover sites than those on the western route, which 
resulted in a significantly longer duration of migration 
phases. Although not clear, this difference may be caused 
by differences in weather and wind conditions, or differences 
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in the food abundance along the different migration routes. 
Birds using the eastern route started spring migration sig-
nificantly earlier than birds using the western route, per-
haps to compensate for the longer duration of migration and 
to arrive at the same time at the breeding colony than birds 
using the western route, since there was no significant dif-
ference between the arrival dates of both groups. This makes 
sense considering that late arrival could have negative fitness 
effects as individuals have to compete with their conspecifics 
for high-quality nest sites and mates (Kokko 1999).

Allohiemic groups

Variations in wintering areas between different European 
Common Tern groups have been noticed earlier (Radford 
1961). Elliott (1971) applied the idea of splitting western 
European and Scandinavian terns into two allohiemic groups 
according to their main wintering areas (after Salomonsen 
1955). Neubauer (1982) showed that the separation line 
between these groups go through Germany, and assigned the 
populations of the North Sea as well as western and southern 
German inland to the western European group, which mainly 
winters in western Africa, and the Baltic population as well 
as eastern German inland populations to the group with the 
Scandinavian terns, which mainly winter in southern Africa.

When the first German ringed Common Tern was recap-
tured in Israel in 2011, Fiedler et al. (2013) suggested it was 
a rare exception. That nearly a third of the birds tagged on 
Riether Werder used the eastern migration route may not be 
generalizable to all eastern German populations. However, 
since the colony on Riether Werder is currently the larg-
est in Mecklenburg—Western Pomerania, it seems like the 
number of individuals using the eastern flyway has been 
severely underestimated. Furthermore, recent logger (Kralj 
et al. 2020) and ringing studies (for example in Israel, Kiat 
2020) indicate that the eastern African flyway is used far 
more often than expected. First results of the ringing study in 
Israel show that the breeding areas of Common Terns ringed 
or recaptured in Israel are distributed over eastern Ger-
many, Poland, Lithuania, Latvia, southern Finland, Belarus, 
Ukraine, Romania, Bulgaria, Slovakia, Croatia, and Hungary 
(Heinicke et al. 2016; Fiedler et al. 2018). Therefore, we 
suggest to add a third group of eastern European Common 
Terns, those with a breeding area between eastern Germany, 
southern Finland, and the Black Sea, and wintering areas 
at the south-eastern African coast to the grouping by Elliot 
(1971) and Neubauer (1982) to complement the picture of 
European Common Tern migration behavior.

Two hypotheses might explain the current lack of ring 
recoveries of German Common Terns on the eastern Afri-
can flyway. The population of eastern European Common 
Terns may be expanding in western direction. If birds 
using the eastern African migration route started breeding 

in eastern Germany only a decade or two ago, this would 
explain why the recoveries in eastern Europe and Israel 
accumulate since 2011 (Fiedler et al. 2013, 2018, 2020). 
However, as the tern project in Israel started in 2010 
(Heinicke et al. 2016), the lack of recoveries may also 
be a result of low ringing and reporting activities along 
the flyway before the project started. As recoveries from 
eastern African countries such as Egypt, Sudan, Eritrea, 
Djibouti, Somalia, Kenia, and Tanzania are lacking for 
Croatian and Hungarian birds as well (Kralj et al. 2020), 
this might be a hint that reporting rates of ringed terns are 
indeed low in these countries.

A long-term use of the eastern flyway by eastern German 
Common Terns may also explain some of the ring recov-
eries at the eastern coast of South Africa. Ringing studies 
(Elliott 1971; Neubauer 1982; Bairlein et al. 2014; Heinicke 
et al. 2016) show recoveries of Common Terns ringed in 
Germany at the eastern coast of South Africa, for example 
around Port Elizabeth and Durban. Not knowing about the 
eastern African flyway, such recoveries of ringed Common 
Terns had been assigned to birds using the western migra-
tion route without questioning. But the fact that one of our 
tagged birds reached the area around Cape Town using the 
eastern migration route, and also stayed around Port Eliza-
beth, might indicate that recoveries of German ringed Com-
mon Terns in eastern South Africa may have been assigned 
falsely to birds using the western route. Unfortunately, the 
possibility of some of these birds reaching South Africa on 
the eastern flyway cannot be validated retrospectively.

Important stopover and wintering locations and their 
conservation

Although stopover sites may be occupied only for a short 
period of time, even small amounts of habitat loss could 
have dramatic negative effects if it concerns crucial stopover 
sites (Runge et al. 2014). Based on the frequency and dura-
tion of use, we identified the following stopover sites and 
wintering areas as being potentially crucial for German and 
European Common Tern populations. For birds on the west-
ern route, the upwelling areas of the Canary current at the 
north-western African coast, and the Benguela current at the 
south-western African coast as well as the productive brack-
ish and saltwater wetlands in the Gulf of Guinea (especially 
in Ghana) seem to be of particular importance. However, 
terns have to face direct and indirect threats in these regions. 
Hunting and trapping of terns for food or sport seem to have 
long tradition in western Africa (Meininger 1988; Stienen 
et al. 1998), and according to Heinicke et al. (2016), annu-
ally around 2% of all fledged Common Terns are reported 
as being caught and killed in western Africa, and reporting 
rates are very low in the local communities (Meininger 1988, 
Stienem et al. 1998). At both upwelling areas, seabirds in 
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general are also threatened by overfishing (Crawford 2007; 
Grémillet et al. 2015, 2016), which in Namibia and South 
Africa already leads to rapid declines of endemic seabirds 
(Crawford 2007).

For birds on the eastern route, the southern Red Sea and 
Gulf of Aden have been identified as the most important 
stopover site, while the Mozambique Channel seems to be 
their main wintering area. Both, the southern Red Sea (Glad-
stone et al. 1999) and the Mozambique Channel (Le Corre 
et al. 2012) face a high risk of pollution due to oil industry 
and highly frequented maritime routes. Biodiversity in the 
southern Red Sea in particular is threatened by habitat alter-
ation due to strong increase of human populations (Gajdzik 
et al. 2021). Ambitious conservation plans for the Red Sea 
and Gulf of Aden have been made already in the 1990s, but 
only a fraction of them has been implemented until today 
(Gajdzik et al. 2021).

Additionally, the effects of climate change are likely to 
be the largest threats for terns in the future (Palestis 2014). 
Culp et al. (2017) showed Common Terns and other tern 
species having a high vulnerability to climate change as 
well. As migratory species depend upon the availability of 
suitable habitat in multiple locations, all of which may be 
affected by climate change in different ways, they face an 
increased potential for deleterious impacts at some point in 
their annual cycle (Robinson et al. 2009). Climate change 
already contributed to strong range shifts of prey species 
in the Benguela current upwelling system (Crawford et al. 
2015; Grémillet et al. 2016), and the western tropical Indian 
Ocean is warming faster than any other tropical ocean, alter-
ing monsoon circulation and marine food webs (Roxy et al. 
2014). These changes may affect weather and wind condi-
tions as well as the productivity of stopover sites and win-
tering areas crucial for terns migrating along the African 
coasts. At this point, we are not able to conclude if the terns 
face a higher risk along the eastern or the western route, or 
how their fitness might be affected depending on the migra-
tion route. But the colony on Riether Werder seems to be 
the perfect place for further studies on differences in migra-
tion behavior of Common Terns using different migration 
strategies, as the colony comprises birds using both routes 
and different wintering areas. Future studies at the colony 
of Riether Werder should also consider tracking individuals 
for subsequent migration cycles to determine the consist-
ency of migratory behavior and the potential consequences 
of consistent behavior. Tracking of partners and offspring 
as well as genetic analyses may also help us to understand 
the species population dynamic and the establishment and 
evolution of different migration strategies.

Conclusions

This study was the first one tagging Common Terns at the 
Baltic Sea. Our results gave a new insight into the diverse 
migration behavior of Common Terns breeding in Ger-
many. We confirmed that the eastern flyway is frequented 
far more often by Common Terns than expected. Moreo-
ver, a larger proportion than expected (nearly one third) of 
birds taking the eastern over the western flyway, enabled 
us to determine important stopover sites and wintering 
areas on both migration routes. We, therefore, suggest, 
that the northeastern and eastern European Common Terns 
that use the eastern flyway should be considered as a third 
allohiemic group, complementing the grouping made by 
Elliot (1971) and Neubauer (1982).

Common Terns as well as other birds relaying on the 
identified stopover sites and wintering areas are threatened 
by human activities ranging from trapping and killing, 
to overfishing, pollution, habitat loss, and unpredictable 
alterations of habitats as consequence of global warm-
ing. These are the typical threats many migratory species 
are facing today, and as all countries along the flyways 
of migratory species share a responsibility, international 
efforts and cooperation will be necessary to conserve these 
birds and their natural habitats.
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