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Abstract

Background: The majority of European Common Terns (Sterna hirundo) migrate south along the western coast of
Europe and Africa, while birds from eastern regions are known to cross the Mediterranean Sea from east to west or
migrate along the eastern African coast. The migration route of north European terns wintering along the coast of

pared with recoveries of ringed birds.

winter movements.

Wintering area

western Africa was already described using geolocator data, while knowledge about movements of the European
inland populations is based only on relatively scarce recoveries of ringed birds.

Methods: We used light-level geolocators in inland Common Tern colonies in Hungary and Croatia to study their
migration route and to identify wintering areas along with stopover sites. Results revealed by geolocators were com-

Results: All tracked birds used the east African migration route with autumn stopovers at Lower Nile and in the
southern part of the Red Sea, and short spring stopover in Israel. Terns wintered along Kenyan coasts and in the
southern Mozambique Channel. Autumn migration lasted four times longer than spring migration.

Conclusions: This is the first geolocator study that describes the east African migration route of the Common Tern.
Important stopover sites were identified. More studies of inland populations are needed to better elucidate tern

Keywords: Inland population, Light-level geolocators, Mozambique Channel, Red Sea, Sterna hirundo, Stopover sites,

Background

Tracking devices are increasingly used in the study of
seabird migration, providing detailed information about
long-distance journeys which was impossible to gain
using other methods such as observations or ringing
(Brooke 2018). Many seabird species spend their entire
non-breeding season far from land, therefore migration
strategies and non-breeding areas were largely unknown
prior to the development of tracking devices. Light-level
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geolocators produce less precise location data compared
to GPS tracking, but precision is adequate enough for the
objectives of large-scale tracking, and were already used
for studying tern migration (Egevang et al. 2010; Nisbet
et al. 2011; McKnight et al. 2013).

The Common Tern (Sterna hirundo) breeds in both
coastal and inland habitats of the Holarctic. It is a long-
distance migrant, wintering along sea coasts in the south-
ern hemisphere. Two main migration routes of European
breeders were revealed by recoveries of ringed birds.
Based on these recoveries, most Common Terns appear
to migrate south along the western coast of Europe and
Africa. Populations from central and eastern Europe
either cross the Mediterranean Sea from east to west
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and join the west African route, or migrate across the
eastern Mediterranean, the Red Sea, and along eastern
African coast (Cramp and Simmons 2006). Recoveries
of inland Common Terns breeding in Central Europe
are scarce. Recoveries of Hungarian terns showed pre-
dominantly the use of the southeastern route, following
the Danube to the western coast of the Black Sea, and
southward along the eastern coast of the Mediterranean
Sea, with wintering areas along the coast of Mozambique
and Republic of South Africa (Szinai 2009). The limited
number of recoveries of Croatian birds indicate the use of
the western route with wintering areas in the Republic of
South Africa (Kralj 2013).

Previous geolocator studies on Common Terns were
conducted on populations breeding along marine coasts
of North America (Nisbet et al. 2011) and Europe
(Becker et al. 2016), on the Azores (Neves et al. 2015) and
on North American lakes (Bracey et al. 2018). Geoloca-
tor tracking of German North Sea populations already
helped to describe the migration route, stopover loca-
tions and wintering sites along the coast of western
Africa (Becker et al. 2016). However, movements of Euro-
pean inland populations breeding along middle reaches
of rivers are less known. In Europe, rivers are among the
scarcest and the most threatened habitats (European
Environment Agency 2015). Inland populations of Com-
mon Terns are threatened by changes of river hydrol-
ogy: river management causes frequent breeding failures
(Atamas and Tomchenko 2015) or complete destruction
of breeding habitats. In many countries terns are there-
fore largely dependent on artificial habitats (Scharf 1981;
Bogliani et al. 1982; Becker and Sudmann 1998). Readi-
ness to accept artificial habitats has helped recovery of
inland populations in Europe after the collapses dur-
ing the 19th and 20th centuries (Glutz von Blotzheim
and Bauer 1999). However, to provide long-term nest-
ing opportunities, man-made breeding habitats need
regular maintenance. Terns can therefore only be pre-
served by re-establishing and conserving suitable habi-
tats (Becker and Sudmann 1998). Climate change is also
expected to affect Common Tern breeding grounds: the
Common Tern’s simulated future potential distribution,
based on the relationship between its breeding distribu-
tion and local climate, forecasts loss of inland habitats
and a patchier distribution in continental Europe (Hunt-
ley et al. 2007). Effective conservation of long-distance
migrants requires the understanding of their full annual
cycle (Marra et al. 2015). Tracking of individual birds is
of great importance in identifying important stopover
locations during migration and wintering. As Common
Terns face potential risks, such as decline in fish popula-
tions, adverse weather, sea pollution or outbreaks of dis-
eases (Feare et al. 2007; Croxall et al. 2012; Le Corre et al.
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2012), such knowledge is crucial in developing strategies
for conservation actions at sites used during the non-
breeding season.

The aims of this study were (1) to elucidate migration
routes used by Common Terns belonging to European
inland populations, and (2) to identify main stopover
sites and wintering areas. Based on previous ring recov-
ery data, we expected Common Terns from Hungarian
colonies to use the eastern flyway and birds from Croa-
tian colonies to use the western one. Apart from Israel,
no other stopover site was known for inland populations
(Cramp and Simmons 2006). In long-lived species as
terns, population trends are more likely to be influenced
by survival rates than annual changes in productivity
(Bracey et al. 2018), therefore identification of stopover
and wintering sites is an important step in threat assess-
ment. Here we present the results of two geolocator
tracking projects of Central European inland Common
Tern colonies; to our knowledge, this is the first geolo-
cator study of an inland population of the species in
Europe.

Methods

We studied the migration of two inland Common Tern
colonies: one breeding on lakes of the lagooning facil-
ity near the town of Vérpalota (Hungary), and the other
along the river Sava and surrounding gravel pits in the
vicinity of Zagreb (Croatia). The Hungarian study colony
of 60 pairs nests on three artificial breeding platforms on
two waterbodies: Nagybivalyos and Inota30 fishponds
(47°11'N, 18°10’ E). Platforms hold a gravel bed for nest-
ing and artificial shelters are provided. Although these
are non-natural waterbodies with regular human pres-
ence, the characteristics and diversity of bird taxa are
of good quality habitat. Croatian breeding ground com-
prises the area of 250 km? that holds about 120 breeding
pairs. We studied the colony on a gravel island at Rakitje
gravel-pit (45°48’ N, 15°50" E), the biggest and the most
stable colony in that area.

A total of 91 adult Common Terns (18 in Hungary
and 73 in Croatia) were captured on their nests during
the incubation stage between late May and early July in
2014-2018. Walk-in traps and target activated drop traps
were used to capture breeding adults. After ringing the
birds with metal and plastic rings, mass was measured for
pre-deployment and recovery comparison. In Hungary,
we fitted 5 and 2 birds in 2014 and 2016, respectively,
with archival light level recorders (MK5090, Biotrack Ltd)
mounted on plastic leg rings. In Croatia, similar loggers
(Intigeo-W65A9-SEA, Migrate Technology Ltd) were
deployed on 10 birds per year in 2016 and 2017. Mass of
the ring, logger, tie, and glue was 1.35 g (MK5090) and
0.95 g (Intigeo-W65A9-SEA), representing 1.2% and
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0.8% of the mean body mass of adult birds in these pop-
ulations, which corresponds with international stand-
ards (Bridge et al. 2011). Biotrack loggers recorded light
intensity every 2 min, whereas Intigeo loggers were pro-
grammed to sample light intensity every minute with
maximum light recorded every 5 min. Intigeo loggers
also collected dry/wet data every 6 s with a number of
wet samples recorded every 5 min. Conductivity was set
to level>63 for ‘wets’ count, thus recording salt water
only. In order to recover the loggers, we attempted to
recapture tagged birds during the incubation period after
1 year of logger deployment. Light data was processed
using R package BAStag (Wotherspoon et al. 2016) to
identify twilight times (sunrise and sunset). We used the
light-level thresholds of 1.5 (Biotrack) and 1.0 (Intigeo).
Extreme outliers were adjusted manually. We used post-
deployment calibration at the breeding colonies, after
the incubation phase and prior to migration. Calibration
periods were set for each bird individually, with periods
of high shading during the daylight determined as incu-
bation phase. For Intigeo loggers, we were able to per-
form a second calibration at the same location, at the end
of the deployment period. We were unable to do so for
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Biotrack loggers, as they had stopped working before the
terns returned to the breeding area. After identification
of twilight times, we employed the R package FLightR
(Rakhimberdiev et al. 2015) to derive location estimates.
FLightR uses the curve-fitting method to estimate the
positions of birds with a particle filter (10° particles) to
optimise the position for each twilight (Lisovski et al.
2020). As Common Terns use both inland and coastal
habitats, we didn’t apply spatial constrains. Salt data
helped in distinguishing between migration over land
and over the sea. For kernel analysis, stopovers and win-
tering period were set individually, based on dates of sta-
tionary periods from geolocator analysis (Table 1). Kernel
densities were calculated for stopovers and wintering
period of all individuals using kernelUD function of the
adehabitatHR (Calenge 2006) package. The smoothing
parameter of the kernel density was computed by the ref-
erence (ad-hoc) method. Stopover location analysis (also
using FLightR) and geolocator data visualisation were
performed according to the online supplementary man-
ual of Lisovski et al. (2020). We plotted the most prob-
able positions and defined stopovers as localities where
individual terns spent at least 2 days. We used R packages

Table 1 Phenology of Common Tern migration based on tracks by light-level geolocators

MkO001 Mk006 7548 Z555

Date logger deployed 27 June 2014 8 June 2014 31 May 2016 7 June 2016
Date logger retrieved/stopped 4 Nov 2014 28 Feb 2015 30 May 2017 8 June 2017
Number of tracking days 130 267 365 366
Departure from breeding ground 17 Aug 20 Aug 19 July 19 July
Arrival to autumn stopover site

Lower Nile 19 Aug 22 Aug - 23 July

Southern Red Sea 7 Oct 27 Aug 26 July 26 July
No. of days at a stopover site

Lower Nile 35 2 - 0

Southern Red Sea 4 110 67 67
Departure from stopover site

Lower Nile 6 Oct 24 Aug - 23 July

Southern Red Sea 11 Oct 15 Dec 10 Oct 10 Oct
Arrival to wintering site 31 Oct 19 Dec 26 Oct 26 Oct
Duration of post-breeding migration (days) 75 121 99 99
Distance travelled during post-breeding migration (km) 7247 7501 9117 9554
Departure from wintering site - - 16 Mar 19 Mar
Arrival to spring stopover site - - 31 Mar 31 Mar
No. of days at a stopover site - - 5 5
Departure from stopover site - - 5 Apr 5 Apr
Arrival to the breeding site - - 9 Apr 9 Apr
Duration of prenuptial migration (days) - - 24 21
Distance travelled during prenuptial migration (km) - - 8659 9040

Stopover and wintering locations were defined by stationary periods resulting from FLightR analysis. Mk001 and 006 were tagged in Hungary, while Z548 and Z555 in
Croatia. Data are available in Movebank repository https://bit.ly/2K7TMLM (CRO) and https://bit.ly/2kyhFmD (HUN) under same IDs
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maps (Becker et al. 2018), mapplots (Gerritsen 2018)
and GISTools (Brunsdon and Chen 2014) for geolocator
data visualisation. Distance travelled during migration
was calculated as the distance between stopover sites as
revealed by geolocators. Great-circle (orthodromic) dis-
tances between breeding and mean wintering locations
were calculated for Hungarian and Croatian birds.

Recoveries of ringed birds were used to compare
known migration routes between terns from Hungar-
ian and Croatian colonies and with results revealed by
geolocators. In the period between 1910 and 2018, 6371
and 3322 Common Terns were ringed by Budapest and
Zagreb ringing schemes respectively. Of these, 1186 and
669 birds were colour-ringed with plastic rings engraved
with alphanumeric symbols. As of May 2019, 263 recov-
eries were processed (111 from Hungary and 152 from
Croatia), of which 212 were observations of colour-ringed
birds (67 from Hungary and 145 from Croatia). Recover-
ies of four birds ringed in Israel during migration and
observed in Hungary or Croatia are also included in the
analysis. In this paper, we analysed long-distance recov-
eries indicating dispersal and migration, so we excluded
recoveries of breeding adults and recoveries with a dis-
tance less than 150 km. Repeated observations of the
same individuals during the same season were excluded,
as they reflect observation effort and will cause bias.

Terns observed during the end of the first calendar year
were categorised as juveniles. Birds observed in the sec-
ond and third calendar year were labelled as immatures,
while birds in the 4th year and older were considered to
be adults. As Common Terns showed large differences in
the timing of migration between years (see Neves et al.
2015; Becker et al. 2016; authors’ personal observation),
recoveries were assigned into stages of the annual cycle
according to both time period and recovery locality. In
general, spring migration lasted from March to May, the
breeding period from May to early August, post-breed-
ing dispersal and prospecting of immature birds from
late June to August, autumn migration from August to
November and wintering from December to early March.
Recovery data visualisation was performed using QGIS
(QGIS Development Team 2016).

Results

Geolocator data

Only six loggers were retrieved; two in Hungary in 2015,
three in Croatia in 2017 and one in Croatia in 2018. Six
more birds with geolocators were observed in Croatia in
2018 and 2019 but as we were not able to identify their
nest locations during the incubation period, we could not
recapture them. Loggers recovered in Hungary worked
for 130 and 267 days. Out of the four loggers recovered
in Croatia, two worked during the whole year while
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the other two worked for less than 1 month and there-
fore their data was not analysed. Recaptured birds were
in good physical condition, without apparent injuries
on the legs, although one bird (in Hungary) had mould
under the ring holding the logger. There was no signifi-
cant difference in pre-deployment and recovery weight
for tagged terns (paired-sample ¢ test: t4 _ ,=0.022,
p=0.982). The pattern of post-breeding migration and
wintering area was revealed from four birds (two from
Hungary and two from Croatia).

All four Common Terns took the eastern migratory
route (Fig. 1). They left the breeding grounds in mid-
July (in 2016) or mid-August (in 2014). Terns reached
the eastern Mediterranean shores over land across the
Balkan Peninsula and Turkey and continued along the
Lower Nile and the Red Sea, further following the eastern
coast of Africa. All birds had one long stopover during
the autumn migration; one Hungarian bird stayed in the
Lower Nile, while the other three stopped in the south-
ern Red Sea (Table 1). Stopovers lasted from August
until early October, except for one bird that stayed in the
southern Red Sea until mid-December (Additional file 1:
Fig. S1). Long stopovers are clearly distinguishable by
the lack of changes in both latitude and longitude data
(Additional file 2: Fig. S2). Three birds reached winter-
ing grounds in the western Indian Ocean in late October,
while one did so in December. Croatian birds wintered
along coasts of SE Africa, in the southern Mozambique
Channel, 7500 km from the breeding site, while Hungar-
ian birds wintered some 2000 km north, along the coast
of Kenya, 5800 km from the breeding site.

Prenuptial migration data originates from two Croa-
tian birds. Their return migration started in mid-March,
but both birds moved some 900-1200 km north in late
February and stayed 2 weeks along the coast of northern
Mozambique. The birds used a similar route as during
the post-breeding migration, but overall moved faster
with one short (5-day) stopover in Israel. Birds reached
the breeding grounds on 9 April. Post-breeding migration
lasted 98.5+18.8 days (mean =+ SD, n=4) and prenuptial
migration 24 and 21 days (#=2). Salt water signals from
Intigeo tags confirmed that, after reaching the Mediter-
ranean Sea in August, birds from Croatia predominantly
used marine habitats during the entire non-breeding
period. The mean distance travelled during post-breeding
migration was 835441154 km (mean=SD, n=4) and
for return migration 8659 and 9040 km (n=2).

Ringing recoveries data

Thirty-one long-distance recoveries (12 Hungarian-
related and 19 Croatian-related) of ringed Common
Terns were analysed (Fig. 2; Additional file 3: Table S1).
Majority of recoveries characterize the post-breeding
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Fig. 1 Stopover sites and wintering area of four Common Terns from Hungary and Croatia, tracked with light-level geolocators between 2014 and
2017.Black squares indicate breeding sites. Kernel densities are indicated by dashed line

(August—October) and spring migration (April-May),
followed by dispersal or prospecting (June—August).
Winter recoveries (January—March) were reported for
immature birds only (Table 2). Hungarian-related birds
mostly used the southeastern route, with observations
from Serbia, Romania, Ukraine, Greece and Israel sug-
gesting a route along the Danube, the Black Sea, the
Bosporus, and the Mediterranean Sea. However, two
recoveries in Italy indicate the use of the southwestern

route. Wintertime recoveries were reported from
Mozambique and the Republic of South Africa. Cro-
atian-related recoveries in Italy, Tunisia, and Senegal
indicated the southwestern route, but three recover-
ies from Serbia, two from Israel, and one from Jordan
confirmed the migration towards the eastern Medi-
terranean. The only recovery in the wintering period
was from the Republic of South Africa. The differ-
ence between the use of SE and SW route between
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Fig. 2 Hungarian- and Croatian-related long-distance (> 150 km) recoveries of Common Terns. Recoveries of adult breeding birds are excluded.
Black squares indicate breeding sites. Closed symbols represent Hungarian-related and open symbols Croatian-related recoveries. Colour indicates
stages of the annual cycle: green—spring migration, yellow—post-breeding dispersal and prospecting, red—autumn migration, blue—wintering.
A circle was used to represent first-year birds, triangle for immatures and rhombus for adults (Hungarian-related data was provided by BirdLife

Hungarian and Croatian Common Terns was not sig-
nificant (Fisher’s Exact Test, p =0.107).

Discussion

Although Common Terns breeding in Central Europe
have been known to use the southeastern flyway (Cramp
and Simmons 2006), we present the first detailed

description of their east African migration route. Two
stopover sites used during autumn migration were iden-
tified: Lower Nile and the southern part of the Red Sea,
and we also confirmed a stopover in Israel during spring
migration (Cramp and Simmons 2006; Kiat 2016). Terns
stayed in the eastern part of the Nile Delta, around Lake
Manzala, which is assigned as an Important Bird and
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Table 2 Summary of Hungarian- and Croatian-related recoveries of Common Terns, indicating the direction of migration

Age at recovery Annual cycle stage

Number of recoveries

Number of recoveries with regard to direction

SWand W SEand E Other
Juvenile Dispersal 6 2 4
Autumn migration 7 3 4
Immature Wintering 3 1 2
Spring migration 1 1
Dispersal/prospecting 2 1 1
Autumn migration 2 2
Adult Spring migration 6 1 5
Autumn migration 4 1 3
Total 31 10 (32.3%) 17 (54.8%) 4(12.9%)

The direction of migration indicated the direction from the ringing place. “Other” includes recoveries during dispersal, directed between NW and NE. For the age and

stages of the annual cycle, see “Methods”

Biodiversity Area significant for migration and winter-
ing of waterbirds (Evans and Fishpool 2001). It is a brack-
ish lake with more than 1000 islands, with main habitats
being reed-swamps, saltmarshes and sandy areas (Bird-
Life 2019). Of four tracked terns, one stayed in the Lower
Nile for a longer period and one seemed not to stop there
at all. All four birds stopped in the southern Red Sea area,
three of them for over 2 months. The southern part of
the Red Sea is rich in nutrients that are brought by wind-
induced horizontal advection from the Gulf of Aden dur-
ing the winter monsoon season (Raitsos et al. 2015). The
productivity of the southern Red Sea therefore increases
at the beginning of October and stays high during win-
ter months. However, three of four tracked terns left the
area at the beginning of October, about the time when
nutrients normally start to increase. We therefore pre-
sume that birds used this stopover site in order to avoid
strong southwestern summer monsoons (Clemens et al.
1991) blowing in the direction opposite to their migra-
tion, and continued their movement with a tailwind of
north-eastern winter monsoons. Similar to other terns
with flapping flight, Common Terns are very receptive to
wind speed and direction (Barrett 2016), and stopping in
the southern Red Sea to wait for favourable wind condi-
tions can minimize their travel costs during the final part
of their autumn migration. Although a departure from
that site coincides with the period of 3 weeks around the
autumn equinox, when latitudes are difficult to deter-
mine using data from light level geolocation (Porter and
Smith 2013), quick changes in longitude obvious in Octo-
ber indicate the start of a consecutive migration step
(Additional file 2: Fig. S2). The longest stationary period
during migration, as resulting from FLightR analysis, was
110 days, spent by the tern Mk006 at the southern Red
Sea. However, during that period, a part of locations fell
750 km further south, near the Shebelle River in Ethiopia.

Whether that latitude change, visible from Fig. 1 and
Additional file 2: Fig. S2b, was erroneous or not, has to
be further studied. The period spent at stopover sites was
much longer in inland European Common Terns than in
German North Sea populations, in which the longest stay
at stopover was less than 1 month (Becker et al. 2016).
Some inland North American Common Terns also have
long stopovers: mean duration at stopovers was 21 and
maximum 71 days (Bracey et al. 2018).

Terns tagged in Croatia wintered in the southern
Mozambique Channel. That area was already identified
as one of the hotspots for foraging seabirds in the tropi-
cal western Indian Ocean (Le Corre et al. 2012). Strong
eddy activity typical for that area induces offshore
transport of nutrient-rich coastal waters to the near-
surface layer, increasing productivity (José et al. 2016).
Although productivity is lower during the (northern)
winter, coastal waters still have high chlorophyll con-
centrations (José et al. 2016), providing good feeding
opportunities for wintering terns. Hungarian terns
were found wintering along the coast of Kenya, close to
the Tana River. Tana River delta is a Ramsar site, host-
ing a large number of waterbirds, including several tern
species (RSIS 2019). Two main threats for foraging
seabirds were identified in the Mozambique Channel
and Kenyan coast: oil pollution due to maritime traffic
and intensive industrial fishing (Le Corre et al. 2012).
Industrial fishing is developing in the western Indian
Ocean causing a threat of over-exploitation of the fish-
stock, especially predatory fish such as tuna. As many
other seabird species, Common Terns were shown to
forage in aggregation with schools of tuna driving small
fish to the surface (Goyert et al. 2014). The decline in
predatory fish populations is supposed to have serious
impacts on the seabirds using that foraging strategy
(Feare et al. 2007).
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Both birds tracked during prenuptial migration shortly
stopped in Israel in early April, a stopover that was not
used by either of the tracked birds during post-breeding
migration. This data is in accordance with earlier findings
indicating Israel as an important stopover site for Cen-
tral European Common Tern populations during spring
migration, but rendering its importance lower in autumn
(Cramp and Simmons 2006; Kiat 2016). As a result of
long stopovers, post-breeding migration lasted more
than four times longer than prenuptial migration. Similar
results were found for inland Common Terns in North
America (Bracey et al. 2018). Faster spring migration is
a general pattern among birds (Nilsson et al. 2013), how-
ever in case of Common Terns the opposite was found
for several individuals of a German North Sea popula-
tion wintering along the West African coast (Becker
et al. 2016). The northward movement of both Croatian
birds in late February could be described either as winter
movement or the start of the prenuptial migration; late
February is a period of departure from wintering grounds
for terns breeding in Germany and wintering along east
African coasts (Becker et al. 2016). On the other hand,
substantial movements during winter were reported
for other Common Tern populations (Neves et al. 2015;
Bracey et al. 2018). The area where Croatian birds spent
late February and early March lays further south than the
wintering area of two Hungarian terns revealed by this
study. This suggests that Central European terns utilize a
large span of the Kenyan and Mozambique coasts as win-
tering grounds. Further studies are therefore needed to
elucidate winter movements of Common Terns.

Although using the same east African flyway, there
were some differences between Hungarian and Croa-
tian terns’ migration pattern. The two birds from Croatia
had a very similar migration pattern, and were probably
migrating in the same flock. Similarly, two colour-ringed
birds from the same colony were observed together dur-
ing dispersion or autumn migration on several occasions
(Additional file 3: Table S1). The departure of Hungarian
terns in 2014 was almost a month later than the depar-
ture of Croatian terns in 2016. This difference is more
likely to be related to individual variations within the
same colony or interannual changes than to the breeding
site. For example, changes of water level affect the start
of the breeding season while clutch failure and renesting
affect its termination, both capable of causing the dif-
ference in departure date. Individual and annual differ-
ences in the timing of departure were recorded by several
studies of Common and Arctic Tern Sterna paradisaea
migration (Becker et al. 2016; Bracey et al. 2018; Redfern
and Bevan 2019).

There are several possible explanations for the dif-
ferences in wintering areas between Hungarian and
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Croatian birds. As one Hungarian logger stopped in
early November, it is possible that this bird did not reach
its final wintering area during that time. Furthermore,
interannual changes in the primary productivity in the
Western Indian Ocean affect phytoplankton-feeding
fishes (Monticelli et al. 2007) and could cause differ-
ences in the abundance of tern prey, which might affect
their choice of wintering area. Although many seabirds
have high wintering site fidelity, it is known that some
birds showed flexibility in wintering site, stopover behav-
iour and migratory schedule (Dias et al. 2011). Recov-
eries of a Hungarian-ringed bird in Mozambique and
Kwazulu-Natal province of the Republic of South Africa
indicate that at least some birds in some years reach the
Mozambique Channel. However, we cannot exclude the
possibility of some level of migratory connectivity (i.e.
segregation of wintering areas of birds from different
colonies), as recorded for the Artic Tern (Sterna paradi-
saea) (Fijn et al. 2013). Further studies of several Central
European populations are needed to get a better under-
standing of temporal and spatial differences in migration
of Central European Common Terns.

Studies based on ring recoveries or resightings are
affected by bias caused by spatial and temporal heteroge-
neity in ring re-encounter probability (Korner-Nievergelt
et al. 2012). Therefore, they reflect both bird distribution
and the number and activity of potential observers. In
spite of the considerable number of terns ringed in Hun-
gary and Croatia, recovery data are limited. Observa-
tions from Italy, Spain, Tunisia and Senegal indicate the
use of the southwestern route, while recoveries in Ser-
bia, Romania, Ukraine, Jordan and Israel confirmed the
movement of terns towards the eastern Mediterranean.
However, a great part of recoveries belong to immature
birds, whose movements prior to returning to breed-
ing grounds are insufficiently known. Therefore, they
might represent either a migration route or wandering of
immature birds. The number of long-distance recoveries
from other Central European countries is also small but
indicates migration routes used. Common Terns breed-
ing in Czechia migrate mostly in a southwestern direc-
tion to the western Mediterranean and further along the
western coast of Africa, with recoveries in Liberia and
DR Congo. However, an autumn recovery in Hungary
of a Common Tern from southern Moravia, together
with a spring recovery of a bird ringed in Slovakia and
found on the Evros delta in Greece, suggests the use of
the south-eastern migration route (Krestova 2008). The
only recovery of a bird hatched in the Adriatic population
in Croatia was from a subadult (3rd year) bird found in
September 2000 in Huelva, Spain (Kralj 2013), confirm-
ing east—west migration through the Mediterranean Sea.
Numerous recoveries of Common Terns breeding on the
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other side of the Adriatic Sea, in northern Italy, showed
the use of the western route, with recoveries from Spain
to Gabon (Spina and Volponi 2008).

In earlier studies, the use of light-level geolocators
attached to the tarsus of Common Terns showed no neg-
ative effect on the behaviour and fitness of tagged birds
(Kiirten et al. 2019). In our study, we found no weight
loss or visible injuries on tagged birds. The low ratio of
retrieved geolocators (22%) is a result of the relative
instability of studied colonies compared with coastal ones
(Becker et al. 2016). Riverine breeding sites are often less
stable than coastal ones because of interannual water
level changes and predation (Scharf 1981; Bogliani et al.
1982). In Croatia, recoveries of adult birds showed fre-
quent changes of breeding colonies between years, and in
2018 even within the breeding season (Martinovic¢ et al.
2019). Between 2016 and 2018 Common Terns bred on
seven different islands in the study area: two sites were
occupied in 2016, three sites in 2017 when low water
level created additional islands and four in 2018 when
water level was exceptionally high and the main island
at Rakitje gravel pit was submerged and was unsuitable
for breeding until mid-June. Furthermore, in the middle
of the breeding season of 2016, all nests were destroyed
on all platforms at the Hungarian colony, presumably by
an Otter (Lutra lutra). This prevented us from deploying
all available loggers, and from retrieving further loggers
deployed in 2014. This predation event might also have
been the reason for a remarkably low breeding pair den-
sity in 2017.

In many studies, geolocator data yielded supplemen-
tary information about non-breeding distribution and
timing of migration already known from recoveries of
ringed birds, but in some cases, different migration pat-
terns were revealed (Korner-Nievergelt et al. 2012).
During this study, geolocators revealed the use of east
African route for Croatian birds, a fact that had not been
obvious from recoveries of ringed birds processed before
2010 (Kralj 2013). Retrieved data of four birds enabled
us to outline the migration strategy of Central European
inland breeding Common Terns using the east African
route for the first time. Stopover areas at Lower Nile and
the southern Red Sea were identified, as well as wintering
sites along the Kenyan coast and in the southern Mozam-
bique Channel.

Identified stopover and wintering sites face multiple
threats either currently or potentially: Lake Manzala
in the Nile delta is threatened by pollution from waste-
waters, increasing salinity, land reclamation and illegal
killing of birds (Evans and Fishpool 2001). The southern
Red Sea is generally in a healthy state and lengthy stopo-
vers confirm that the area is favourable for foraging Com-
mon Terns. However, due to its semi-enclosed nature and
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the petroleum-industry of economies in the region, it
faces high risk of oil pollution (Gladstone et al. 1999). The
Mozambique Channel and Kenyan coast are also threat-
ened by oil pollution and overfishing (Le Corre et al.
2012). Climate change, identified as one of the great-
est threats to Common Terns worldwide (Palestis 2014;
Bracey et al. 2018), might also have serious impacts on
wintering areas in the Indian Ocean. The relatively cool
and productive western Indian Ocean is reported to be
undergoing a long-term warming trend, with anticipated
effects on monsoon circulation and marine food webs
(Roxy et al. 2014). Surprisingly, warming of the Indian
Ocean is shown to increase productivity of the Red Sea
due to stronger winds amplifying the northward advec-
tion of nutrient-rich waters from the Gulf of Aden (Rait-
sos et al. 2015). It is possible that the southern Red Sea
will thus become an even more important feeding area
for European Common Terns.

Differences in migration between Hungarian and Croa-
tian breeders point to the importance of further study-
ing the migration of Central European populations of the
Common Tern. This, along with exploring their exposure
to environmental factors and threats along the migration
route, might help stakeholders in designing and imple-
menting conservation measures for the protection of
long-distance migratory seabirds along their migration
routes.

Conclusions

This is the first geolocator study of European inland
Common Tern colonies and the first one that describes
the east African migration route. It identifies an impor-
tant autumn stopover sites in the Lower Nile and south-
ern Red Sea. More studies of inland colonies are needed
to better elucidate Common Tern migration and win-
ter movements, eventually helping to identify potential
threats during the non-breeding season.
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