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Capsule Multiple tracking methods (colour-rings, plumage-markings and GPS-loggers) revealed that adult
Sandwich Terns Thalasseus sandvicensis from the Netherlands showed prospecting behaviour in other
colonies within Northwest Europe. Birds were recorded from a few kilometres to over 850 km away and
in different countries around the Southern North Sea. Our data suggest large-scale connectivity between
Northwest European Sandwich Tern colonies. Such connectivity is potentially of great importance when
modelling the population structure of this species.

Terns, like many other seabirds, visit future breeding sites
before actual settlement, a period generally defined as
prospecting, which can either take place before first
reproduction or in later stages of life (Reed et al. 1999,
Schjørring et al. 1999, Dittmann et al. 2005, 2007,
Major 2011, Ponchon et al. 2012). Visiting other
breeding sites can allow prospecting individuals to
gather information on the quality of the local breeding
site or surrounding foraging areas in order to select an
optimal breeding site for the following year. This
behaviour has been described in many seabird species,
but most studies on prospecting behaviour have largely
focused on sub-adult and non-breeding (sabbatical)
adult birds (Cadiou et al. 1994, Dittmann et al. 2007,
Votier et al. 2011). Nevertheless, failed breeders and
even successful breeders are also known to visit other
colonies, either before a breeding season or just after, as
prospecting for the next season (Cadiou et al. 1994,
Calabuig et al. 2010, Ponchon et al. 2012). Adult birds
probably prospect in other colonies to maximize their
breeding success in the following year (Boulinier &
Danchin 1997), but the extent and nature of
prospecting behaviour varies between species and
associated migration strategies. For example long*Correspondence author. Email: r.c.fijn@buwa.nl
© 2014 British Trust for Ornithology

distance migratory birds, like Sandwich Terns, have
potentially less time for prospecting behaviour than
sedentary birds (Reed et al. 1999).
Sandwich Terns can show site tenacity to their natal
colony (P. Wolf, E. Stienen unpubl. data), although
are also highly nomadic and colony-site shifts occur
regularly (Stienen 2006). These shifts are often
caused by breeding failure or disturbance by predators
(Ratcliffe et al. 2000, Noble-Rollin & Redfern 2002,
Stienen 2006), but for some shifts an obvious reason
is lacking. Prospecting in this species has previously
been suggested for immature, non-breeders and failed
breeders (references within the review of Reed et al.
1999), and the exploration of other breeding
sites by adult birds has also been suggested (Stienen
2006, Fijn et al. 2011). This has previously been
based on incidental ring recoveries and direct
evidence of actual prospecting flights has never been
confirmed.
Several reasons to investigate prospecting behaviour
have been identified by Ponchon et al. (2012) who
explicitly stated that the ongoing miniaturization of
modern tracking devices results in increasing
possibilities to adequately study prospecting flights.
Here, we report an example of such, describing
prospecting in Sandwich Terns in the same year as a
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breeding attempt and based on data collected with
several different tracking methods.
Between 2009 and 2013, a total of 82 nesting adult
Sandwich Terns were caught using walk-in cages and
spring traps in a colony in the Rhine–Meuse–Scheldt
estuary on the Scheelhoek Eilanden (NLD, N
51.8126°, E 4.0726°). All birds were ringed with a
uniquely numbered metal ring. In 2009, a plain yellow
plastic ring was added to the other leg to allow quick
recognition in the field. In 2010, 2012 and 2013 fieldreadable plastic colour-rings with a three-digit code
(blue with white digits in 2010 and 2012, and white
with black digits in 2013) were added to allow the
identification of individuals. Combinations of various
body parts (head, both wings and tail) of most birds
were colour-dyed with picric acid (yellow/orange) or
silver nitrate (dark brown) to increase detection
chances and recognition in the field.
In all years, a number of birds (in total n = 50) were
equipped with tracking devices. All these individuals
were captured during the incubation or chick-rearing
stages. Handling time (capture to release) was
approximately 15 minutes. In 2009 and 2010, 30 birds
were equipped with VHF-transmitters (Microtes, 1 g,
L:12 × W:8 × H:6 mm) that were glued to trimmed
feathers on the back (cf. Warnock & Warnock 1993)
in order to study habitat use and colony attendance. In
2012 and 2013, 20 individuals were equipped with
GPS-loggers (Ecotone ALLE-55 GPS-UHF, ∼4 g,
L:50 × W:15 × H:8 mm). Seven of these were attached
to feathers on the back with TESA tape (No. 4651;
Beiersdorf AG, Hamburg, Germany, cf. Wilson et al.
1997). On the remaining 13, a specially designed
backpack harness (cf. Kenward 1985) made out of
thick elasticated fishing wire (Preston Innovations Slip
Elastic, diameter 2.2 mm) was used. The GPS-loggers
archived GPS positions at 5 (standard battery) or
15 (solar-powered) minute intervals to the device
memory and also included date, time, latitude,
longitude and speed. Data were automatically
downloaded to base stations placed in the colony from
a distance up to approximately 90 m. Positional data
were analysed using Quantum GIS.
In summary, our total sample size was 82 individually
colour-marked birds. In 2009, a total of 15 birds were
plumage-marked only. In 2010, a total of six birds
received colour-rings only, and another ten were colourringed and plumage-marked. In 2013, 24 birds were
colour-ringed, of which 10 were also fitted with a GPSlogger, and 5 of these were also plumage-marked. Of the
27 birds marked in 2014, 7 were colour-ringed only, 10
© 2014 British Trust for Ornithology, Bird Study, 1–6

colour-ringed and plumage-marked, 5 colour-ringed and
fitted with a GPS-logger and another 5 received a
colour-ring, plumage-marking and a GPS-logger.
GPS-loggers yielded distributional data for eight
chick-rearing (seven in 2012 and one in 2013) and
four failed breeders (2013). The exact date of brood
failure was unknown but was likely to be fairly soon
after tagging. Tag loss due to malfunctioning of
attachment technique (n = 3) and immediate colony
desertion (n = 5) explained the lack of data for the
other eight birds. Typically, data were collected over a
period of 2–6 days, however one logger (an
experimental logger with solar panel) recorded data for
22 days. Three out of the four failed breeders showed
prospecting behaviour in other colonies within the
same year (Figs 1 & 2). In contrast, none of the birds
that were rearing chicks showed prospecting
behaviour, at least not during the time that the loggers
were active.
Of the three birds showing prospecting behaviour,
one flew to France on 11 June 2013, one day after
being marked. After spending the night on a beach
near Dunkerque, it visited the colony at the Réserve
Naturelle du Platier d’Oye (FRA, N 51.005°,
E 2.076°) for ∼40 minutes before making a foraging
trip at sea (Fig. 1, bird A). After a second night at
the same beach it flew, helped by a tailwind of force
6 Beaufort wind scale, in a straight line back to the
original breeding site at the Scheelhoek Eilanden; a
distance of 130 km in 84 minutes (average ground
speed of 91 km/h). The second prospecting bird
visited the colony sites of Markenje (NLD,
N 51.801°, E 3.960°) for ∼45 minutes and Zeebrugge
(BEL, N 51.359°, E 3.213°) for less than 5 minutes,
as well as the surroundings of the colony at Hooge
Platen (NLD, N 51.394°, E 3.625°) before flying to
the open sea to forage (Fig. 1, bird B). During the
following two days it visited the colony at Markenje
(for between 30 and 75 minutes) on both the
outward and inward journeys of a foraging trip before
travelling back to the Scheelhoek Eilanden. A third
Sandwich Tern was tracked between 28 May and 20
June 2013 (Fig. 2, bird C). Two days after its
breeding attempt failed it moved to the nearby
colony of Markenje and performed daily offshore
foraging flights from this colony for the next ten days.
On the eleventh day it flew north towards the
Wadden Sea, where it made daily foraging flights
from the colonies at Ottersaat (NLD, N 53.052°,
E 4.860°) and De Petten (NLD, N 51.394°,
E 4.756°) on the island of Texel (Fig. 2).
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Figure 1. Prospecting visits to other colonies (red circles) and foraging flights of two Sandwich Terns from the colony at the Scheelhoek Eilanden
(red star), the Netherlands. Recorded GPS locations (black dots) are connected with a straight line for visualization purposes.

Evidence of prospecting visits by adult terns could also
be extracted from the colour-ring observations of three
birds in 2009, two birds in 2010, and four birds in
2013 (Fig. 3) in seven different colonies in the
Netherlands, Belgium and Denmark. In 2009, one
adult moved to a colony in De Petten, where it spend
between 24 and 27 May, and was subsequently
recorded in a colony near Hollum (NLD, N 53.427°,
E 5.643°) on 12 June. That year, another individual
that probably raised a chick successfully, was present in
the colony at the Hooge Platen between 3 and 7 July,
while another individual was recorded on 24 May
2009 in the colony at Hirsholm (DEN, N 57.480°,
E 10.630°), 870 km to the northeast. Two adults
colour-ringed in 2010 were seen between 7 and 12
June 2010 in the colony at the Flauwers Inlagen

(NLD, N 51.681°, E 3.841°) amongst incubating
adults, but no further breeding behaviour other than
performing courtship was recorded. In 2013, one bird
visited the colony in Zeebrugge on 21 June, another
bird was recorded in the colony in de Petten on 2 July,
and two individuals were seen on 13 and 14 June in
the colony at Griend (NLD, N 53.250°, E 5.250°), all
suggesting prospecting visits.
Adult breeding dispersal is common in Sandwich
Terns (Møller 1981, Noble-Rollin & Redfern 2002,
Stienen 2006, Popov et al. 2012), and has been
confirmed for the Scheelhoek Eilanden colony with
recorded breeding adults ringed in Spain, Scotland,
Belgium, the Wadden Sea and other Delta-colonies (P.
Wolf, E. Stienen unpubl. data). Stienen (2006) and
Fijn et al. (2011) already suggested that the high
© 2014 British Trust for Ornithology, Bird Study, 1–6
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Figure 2. Recorded GPS locations (coloured dots) of a Sandwich Tern after breeding failure. Dots are coloured from green to blue with ascending
date and a straight line is depicted between subsequent points for visualization purposes. This bird prospected in a nearby colony (red circles), left
the surroundings of the colony where it started breeding (red star) 11 days after tagging, and prospected in two colonies on the island of Texel, the
Netherlands. The left panel shows the entire period between 28 May (tagging) and 20 June 2013 (last data download), the middle and right panels
the detailed views of the southern and northern geographical regions, respectively.

Figure 3. Colour-ring recoveries (coloured dots according to
recovery month) of prospecting adult Sandwich Terns from the
Scheelhoek Eilanden colony (red star) in other colonies (white
circles) in Denmark (2009–2012: Gregersen & Bregnballe (2014),
2013: J. Gregersen & T. Bregnballe, pers. comm.), Germany
(2009–2013: B. Hälterlein & T. Grünkorn, pers. comm., Garthe &
Flore 2007), the Netherlands, Belgium and France (2009–2013:
K. de Kraker, pers. comm.) and the UK (Mitchell et al. 2004).

exchange rate between the various Sandwich Tern
colonies in Northwest Europe is probably facilitated by
frequent visits to other breeding sites before or after
© 2014 British Trust for Ornithology, Bird Study, 1–6

the breeding period. Despite the limited sample size,
this study confirms this by using direct evidence from
GPS tracking data. Some birds visited nearby colonies
but still returned to the home colony, while another
bird visited several colonies much further away from
the home colony. Here, they might have collected
information about the local food availability as well as
the breeding success of conspecifics in other colonies.
Gathering information about potential future breeding
sites would be highly advantageous for a mobile species
showing high rates of interchange between colonies.
However, further studies are needed to explain the
value of such information for future breeding and how
this affects dispersal behaviour of the terns.
In our study the majority of prospecting birds were
failed breeders. One possibility is that birds
experienced the tagging procedure as a ‘predation
attempt’ indicating an unsuitable colony, which might
have induced subsequent colony desertion and
increased prospecting behaviour as they searched for
better conditions elsewhere. However, the limited
battery capacity of the GPS-loggers prevented the
recording of prospecting flights of successful birds later
on in the season. It is likely that this group also
undertakes prospecting. This theory is supported by a
re-sighting of a colour-ringed bird that is assumed to
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have bred successfully. Moreover, we colour-ringed large
numbers of juveniles (488 in 2012 and 398 in 2013) in
our study, many of which were subsequently frequently
recorded in other colonies. In 2012, eight juveniles
(1.6%) were recorded at two other colony sites in the
Netherlands (Ottersaat and de Petten), whilst in 2013
a total of nine juveniles (2.3%) were recorded in five
other colonies (Flauwers Inlaag, Wagejot (N 53.088°,
E 4.898°), Ottersaat and de Petten (all NLD), and
Coquet Island (UK, N 55.336°, W 1.538°)). Juvenile
Sandwich Terns are still fed for a long time after
fledging (Stienen 2006), and therefore the presence of
young colour-ringed birds in other colonies might be
indicative of post-breeding prospecting by their
parents. This corresponds with recorded influxes into
Danish and German colonies of juveniles originating
from Griend and the presence of young birds from
unknown foreign colonies in the breeding colony in
Zeebrugge (E. Stienen unpubl. data). However,
successful breeders are more restricted in time than
failed breeders and might have less opportunity to
prospect during the intensive post-fledging period.
Successful breeders may also prospect just before the
subsequent breeding season even if they seem to start
breeding primarily at the successful locations of the
previous year. If local conditions have severely
deteriorated, they might consider changing colony,
relying on the information collected by prospecting.
Our study supports the theory that birds from the
different Sandwich Tern colonies in Western Europe
all belong to a meta-population that is able to quickly
respond to changing breeding conditions by moving
between colony sites (Møller 1981, Ratcliffe et al.
2000, Stienen 2006). After the breeding season,
Sandwich Terns disperse throughout the coastal areas
around their breeding colony and to neighbouring
countries before migrating south to the African
wintering areas. Sandwich Terns breeding in the UK
often cross the North Sea to visit Dutch, German and
Danish coastal waters (Noble-Rollin & Redfern 2002)
and many Dutch and Belgian Sandwich Terns first
migrate to the UK or to Denmark (Brenninkmeijer &
Stienen 1997, Fijn et al. 2011), although in this study
no prospecting visits to the UK could be confirmed,
except for one juvenile bird recorded at Coquet Island
that might have accompanied its prospecting parent(s).
The strong connectivity between colonies and the
high exchange rate between colonies has major
implications
for
population
modelling
and
conservation efforts targeted at this species. For such
species the quality of a breeding site should not only
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be expressed in terms of breeding numbers of one
colony, but most likely other quality indicators such as
food availability and predator pressure, should be
included as well. Moreover, a proper assessment at
meta-population level for the region from northern
France, the eastern UK, Belgium, the Netherlands,
Germany to western and northeast Denmark, is
required to adequately assess population dynamics and
trends for this nomadic species.
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