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Pair bonds during the annual cycle 
of a long-distance migrant, the Arctic Tern 
(Sterna paradisaea)
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Abstract 

Background: The extent to which pairs remain together during the annual cycle is a key question in the behav-
ioural ecology of migratory birds. While a few species migrate and winter as family units, for most the extent to which 
breeding partners associate in the non-breeding season is unknown. The Arctic Tern (Sterna paradisaea) has one of 
the longest migrations of any species, and the aim of this study was to establish whether or not partners remain 
together after breeding.

Methods: Leg-mounted geolocators were fitted to breeding pairs of Arctic Terns nesting on the Farne Islands, North-
umberland, UK. The devices were recovered for analysis the following year.

Results: Analysis of data for the six pairs which returned the following year showed that partners departed from 
the colony at different times after breeding and migrated independently to different Antarctic regions. Partners also 
departed from the Antarctic and turned to the breeding colony independently. One third of the pairs divorced on 
return.

Conclusions: For long-distance migrants reliant on unpredictable foraging opportunities, it may not be viable to 
remain as pairs away from the breeding colony. Synchrony in arrival times at the breeding colony may maximise the 
chance of retaining a familiar partner, but could be affected by environmental factors in wintering areas or along 
migration routes.
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Background
For migratory species, the extent to which mating part-
ners remain together during the annual cycle is a key 
question in avian behavioural ecology with implications 
for reproductive success through the continuation of 
productive partnerships and parental care. Life-time 
reproductive success is enhanced when productive pair 
bonds are maintained from year to year (Forslund and 
Larsson 1991; Black 2001; Sánchez-Macouzet et  al. 

2014; Wiley and Ridley 2018). Pair bonds facilitate 
biparental care (Cockburn 2006) which can increase 
offspring survival if extended after fledging (López-
Idiáquez et  al. 2018). Thus, both parents of long-
lived species such as geese, swans and cranes remain 
together and migrate as a family with their offspring 
to non-breeding areas (Scott 1980; Black 2001; Alonso 
et  al. 2004; Johnsgard and Mangelsen 2015). Such a 
strategy, however, is not a function of longevity; sea-
birds are also long-lived and provide post-fledging care 
to their offspring, but there is variability in parental 
care between different seabird taxa (Bried and Jouven-
tin 2001). In terns (Sternidae), post-fledging care may 
be provided by both parents (Preddey 2008; Watson 
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et  al. 2012), and in some species over several months 
(Ashmole and Tovar 1968; Feare 1975; Barlow 1998) 
including post-breeding migration (Ashmole and Tovar 
1968). Conversely, in Common Terns (Sterna hirundo), 
males may be more likely to provide parental care (Nis-
bet et  al. 2011). Arctic Terns (S. paradisaea) provide 
some post-fledging parental care, but adults and young 
leave breeding areas soon after fledging (Withers 1973) 
and the extent of post-fledging care and whether part-
ners remain together during migration and in the non-
breeding areas are unknown.

Nevertheless, pair bonds in terns and other seabirds 
can be stable between breeding seasons (Busse 1983; 
Cabot and Nisbet 2013) and raises the question whether 
breeding partners associate throughout the non-breeding 
season, which could be a factor in enhancing subsequent 
breeding success. Although mate familiarity is an impor-
tant driver of reproductive success in Procellariiformes 
(Sánchez-Macouzet et  al. 2014), Scopoli’s Shearwater 
(Calonectris diomedea) pairs do not migrate or spend the 
non-breeding season together (Müller et al. 2015). Stud-
ies on paired Rhinoceros Auklets (Cerorhinca monocer-
ata), Atlantic Puffins (Fratercula arctica) and Southern 
Rockhopper Penguins (Eudyptes chrysocome) also show 
a similar lack of association outside the breeding season 
(Thiebot et al. 2015; Fayet et al. 2017; Kubo et al. 2018). 
For terns, there are few studies on the extent of mating 
pair association on migration and in wintering areas. 
Male and female Common Terns from west Atlantic 
colonies may leave at different times (Nisbet et al. 2011) 
and mating pairs have different diets in wintering areas 
(Nisbet et  al. 2002); similarly, on the basis of geoloca-
tor data, three pairs from an east Atlantic colony had 
different wintering areas along the West African coast 
(Becker et al. 2016). Furthermore, members of a pair of 
Sabine’s Gulls (Xema sabini) wintered in different oceans 
10,000 km apart (Davis et al. 2016).

The question whether or not breeding partners stay 
together for part or all of the post-breeding migration 
and wintering period has also been raised for Arctic 
Terns (Busse 1983) which migrate from high northern-
latitude breeding colonies to non-breeding areas in the 
Antarctic and have one of the longest migrations of any 
species (Egevang et al. 2010; Fijn et al. 2013; Redfern and 
Bevan 2020a). The geographic scale of this migration pro-
vides an opportunity for an unambiguous test of partner 
association for a colonial seabird throughout the annual 
cycle. Given the mounting evidence for many migratory 
seabirds of minimal association outside the breeding 
season, it is likely that Arctic Tern pairs only re-associ-
ate after returning to the breeding colony. To test this 
hypothesis, leg-mounted global location sensors (GLS) or 
geolocators, which are well tolerated by Arctic Terns with 

high return rates (Redfern and Bevan 2020b), were fitted 
to pairs breeding in a European colony.

Methods
Study site and geolocator attachment methods
Intigeo-W65A9-SEA geolocators (Migrate Technol-
ogy, Cambridge, UK) on plastic leg rings were fitted to 
25 Arctic Terns nesting in the Inner Farne Courtyard, 
Farne Islands, Northumberland, UK (coordinates in 
decimal degrees: longitude 1.656°; latitude 55.617°) on 26 
May–9 June 2017 (see Additional file 1: Fig. S1a) as part 
of a study on migration ecology. The age of 12 birds, pre-
viously ringed as chicks, was known accurately (range 
8‒17 years), two birds were ringed for the first time and 
the rest had been ringed previously as adults; Arctic 
Terns can breed from two years of age (see Additional 
file 1: Fig. S1b) and, therefore, for this latter group mini-
mum ages ranged from 2 to 16  years. The Arctic Terns 
tagged with geolocators were from 18 nests: 7 where both 
pair members were tagged and 11 where one member 
was tagged. This analysis focussed on the birds tagged as 
pairs; in 3 pairs, birds were sexed on the basis of mating 
display, copulation behaviour or egg laying (Redfern et al. 
2019). Birds in the other 4 pairs were sexed provisionally 
by within pair differences in total head length (Fletcher 
and Hamer 2003). Biometric sexing of Arctic Terns is 
reported to be 84% correct (Fletcher and Hamer 2003) 
so there is potential for error which should be borne in 
mind; molecular sexing was not possible because of fund-
ing constraints. The attachment method was as described 
previously (Redfern and Bevan 2020a, b) and the devices, 
weighing < 1  g fully mounted, represented 0.92% ± 0.05 
(SD) of bird body mass. The following year, 24 returned 
and were recaptured, most in the period 25‒27 May 
but 3 in 3‒14 July. On capture and recapture, biometric 
data (body mass, total head length, wing length), clutch 
size and nest location (see Additional file  1: Fig. S1a) 
were recorded. The outcome (productivity) of nests was 
monitored weekly during routine work by National Trust 
rangers and ringing visits to the study site (see Additional 
file  1: Additional methods). Productivity, clutch-size 
data and other measures to assess geolocator effects are 
described in Additional file  1: Additional methods. The 
study was carried out under a ringing permit issued by 
the Ringing Scheme of the British Trust for Ornithology 
(BTO) with appropriate “Special Methods” endorsement 
permitting the use of leg-ring mounted geolocators.

Data analysis
Data were analysed using R 3.6.1 (R Core Team 2019). 
Estimates of latitude and longitude at dawn/dusk thresh-
olds were derived from light-level data using FLightR 
(Rakhimberdiev et al. 2015, 2017) as described previously 
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(Redfern and Bevan 2020a, b). A location accuracy of 
50  km was assumed (Rakhimberdiev et  al. 2016) as a 
rule of thumb. Stationary periods of two or more days 
were estimated by FLightR as periods with movements 
between twilight intervals of < 45  km (Rakhimber-
diev et  al. 2015). The shortest bird-to-bird location dis-
tances at each dawn/dusk threshold were calculated on a 
WGS84 ellipsoid using the distGeo function of package 
geosphere (Hijmans et al. 2019). For outward migration, 
distances were calculated from the date of departure 
from the last North Sea stationary period (Redfern and 
Bevan 2020b) of the last-departing bird of each pair to the 
day before the date of arrival of the first bird of that pair 
in 24-h Antarctic daylight. Before reaching the Antarctic 
Circle, birds enter the Antarctic sea-ice zone, character-
ised by a reduction in minimum temperatures recorded 
by geolocators to below 0 °C; the dates of departure from 
this zone were used to indicate the start of return migra-
tion (Redfern and Bevan 2020a). Dates of arrival of each 
bird were the median dates of arrival to the Inner Farne 
coordinates, representing the last FLightR stationary 
period before geolocator retrieval. Bird-to-bird distances 
for return (inward) migration were calculated using simi-
lar criteria to outward migration. This inward phase also 
included the period in the Antarctic before return migra-
tion when seasonal progression allowed locations to be 
estimated by FlightR (Redfern and Bevan 2020a). Longi-
tudes during 24-h daylight were as reported previously 
(Redfern and Bevan 2020a) and differences between part-
ners in longitudinal separation were normally distributed 
(Shapiro test, P = 0.7).

Results
Pair status between seasons
There were no indications from productivity esti-
mates, clutch sizes or body mass for a negative effect on 
breeding performance of geolocator-tagged pairs (see 

Additional file  1: Table  S3, Fig. S2). The only bird that 
did not return in 2018, G79, was one of a tagged pair and 
was at least 10 years old in 2017; its female partner, G80, 
paired in 2018 with an untagged but colour-ringed male 
in a different part of the colony (see Additional file 1: Fig. 
S1a).

For the six other geolocator pairs from 2017, four 
remained the same in 2018 (Table 1) and nested in simi-
lar locations within the colony as in 2017 (see Additional 
file 1: Table S1; Fig. S1a). Two pairs from 2017 divorced. 
Female G84 (age > 4) paired in 2018 with another 
geotagged bird (male G61, age > 9) that had been paired 
with an untagged bird in 2017 (see Additional file  1: 
Table  S2). G84 and its 2017 partner (male G30, age 15) 
remained within the same area of the colony but G30 
had a new partner of unknown status. With respect to 
the remaining pair from 2017, female G33 (age 8) nested 
outside the courtyard in 2018, mated to an unringed 
bird (later trapped on the nest), whereas its 2017 partner 
(male G31, a new bird in 2017) nested in a similar area to 
its capture site in 2017 (see Additional file 1: Fig. S1a) but 
mated to a slightly younger female (age 7). An additional 
pair formed in 2018 between two geolocator-tagged birds 
from 2017 that were not paired together in the year of 
tagging (G66, age 8, with G69, age > 2).

Migration phenology and routes of pairs in 2017
Geolocator-tagged Arctic Terns from Inner Farne migrate 
south from the Irish Sea after moving west or south-west 
across the UK from the North Sea (Redfern and Bevan 
2020b). For the geolocator-tagged pairs in 2017, four of the 
six male birds departed later (by between 5 and 18  days, 
mean 8) from the North Sea than their mate (Table  1), 
but the difference in departure date between males and 
females in pairs did not reach statistical significance (one-
sample t-test, n = 6, P = 0.07). Only one of these pairs was 

Table 1 Pairs in 2017 that returned in 2018: migration phenology and 2018 status

* Age (years) at capture in 2017
** p, paired; d, divorced
*** Difference in days between date of departure of male and female (m-f ) in 2017
a Breeding failure in 2017

Female Male 2018 
status**

Depart diff***

Code Age* 2017 depart 2018 arrive code Age* 2017 depart 2018 arrive

G27 11 9 Aug 4 May G62  > 5 7 Aug 11 May p ‒ 2

G16 10 20 Jul 12 May G70 17 4 Aug 7 May p 15a

G33 8 1 Aug 7 May G31  > 1 31 Jul 3 May d ‒ 1

G26 17 17 Jul 4 May G44 8 4 Aug 3 May p 18

G65  > 4 3 Aug 3 May G40  > 5 8 Aug 5 May p 5

G84  > 4 21 Jul 15 May G30 15 3 Aug 2 May d 13
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unsuccessful in breeding in 2017 and the male of this pair 
also departed later than the female (Table 1).

Migration trajectories are shown in Fig. 1 and were com-
pared by calculating apparent bird-to-bird distances within 
each pair from the geolocation coordinates at the daily 
dawn and dusk thresholds (Fig. 2). Although the trajecto-
ries of most birds followed similar routes along the West 
African and Namibian coasts (Fig. 1), the birds were well 
separated from their partners (Fig.  2a). After rounding 
the southern tip of South Africa, pair members had dis-
tinct trajectories across the Indian Ocean (Fig. 1). Overall, 
there were large intra-pair separation distances at most 
outward migration stages and no contiguous geolocations 
of < 50 km separation before reaching 24-h daylight in the 
Antarctic. For three of the pairs, arrival locations in the 
Antarctic (24-h daylight) were separated by 70‒90° longi-
tude, a separation distance around the Antarctic circle of 
3000‒4000 km. Even when Antarctic arrival locations were 
similar, temporal separation was clearly evident (Fig. 1).

In Antarctic 24-h daylight, partner separation was main-
tained (see Additional file 1: Fig. S3a) except for one pair 
(G84-G30) in which both partners remained in a simi-
lar range of longitudes. However, the mean partner dif-
ference in longitude for this pair was 6.2°, equivalent to 
275 km at the Antarctic Circle (99% confidence range 4.2° 
to 8.2°, equivalent to ca. 180 to 360 km at the Antarctic Cir-
cle; df = 72). For two others (see Additional file 1: Fig. S3), 
there was some convergence as the Antarctic summer pro-
gressed, possibly as a result of restricted food abundance 
that year (Redfern and Bevan 2020a). Once diel night/
day conditions had returned, there was some convergence 
in longitude as birds moved west around the Antarctic in 
preparation for return northward migration (see Addi-
tional file 1: Fig. S3b).

After the 24-h daylight phase, three birds had periods of 
separation < 50 km (i.e. within assumed geolocation error) 
lasting for 1, 3, and 9 days (G26-G44, G16-G70, and G33-
G31, respectively); these all occurred between 14 February 
and 12 March, before the start of return migration. Depar-
tures from the ice zone, marking the start of return migra-
tion, either differed markedly in time between partners 
or occurred at times of large spatial separation (Fig.  2b). 
Overall, there was no significant difference in departure 
time between sexes (t-test, P = 0.35). Subsequent return 
trajectories were mainly via the Atlantic, less constrained to 
the western coast of Africa, and more variable in location 

between pair members compared to outward migration 
but more consistent with respect to the timing of move-
ment (Fig. 1).

Times of arrival of pairs (as units) in the breeding colony 
area were clear from plots of intra-pair distances (Fig. 2b) 
and ranged from ca. 5 to 17 May; the difference in arrival 
time between partners ranged from 1 to 13 days (median 
4.5; Table 1). There was no significant difference between 
the sexes in dates of arrival to the breeding colony within 
the 2017 pairs (mean sex difference in date, female minus 
male: 2.3 days, one-sample t-test, null hypothesis of no dif-
ference, P = 0.4). For the 2 pairs that divorced, arrival dates 
of the females were later than the male by 4 days (G33) and 
13 days (G84; Table 1); particularly for G84, her previous 
partner may have selected a new partner by the time she 
arrived and her new mate, G61, had arrived in the area 
8 days before (7 May). For the pairs that remained the same 
as in 2017, the arrival dates of partners differed by between 
1 to 7 days with no apparent sex bias (Table 1).

Discussion
Arctic Terns can be added to the list of migratory sea-
birds with no apparent pair association outside the breed-
ing areas: partners departed from the colony at different 
times, leading to spatial separation throughout migration. 
Differences in departure time could depend on the extent 
of parental care and how this is distributed between part-
ners, perhaps with a male bias (Nisbet et al. 2011). There-
fore, asymmetric parental care may be a factor driving the 
lack of pair association after breeding. Arrival locations in 
the Antarctic differed, often with a wide and unambiguous 
partner separation, and there was no substantial evidence 
for partner associations during the inward migration. 
Although the locational resolution of geolocators is rela-
tively low, the data show clearly that Arctic Terns paired 
during the breeding season are unlikely to remain together 
outside the breeding season. Apparent intra-pair associa-
tions of short duration may be coincidental, particularly if 
areas of predictable food abundance channel migration to 
specific routes or staging areas.

Pair status
Monogamous pair bonds of Arctic Terns reportedly per-
sist from year to year (Cramp 1985) but there are few 
detailed analyses. Within a Helgoland colony, divorce rate 
was low for established pairs of experienced birds but more 

(See figure on next page.)
Fig. 1 Trajectories for the outward (left column) and inward (right column) migrations of each pair plotted on a global orthographic projection. 
Outward tracks start from the date that the last member of the pair departed. Females, filled circles; males, filled triangles. Points are locations 
estimated by FLightR and coloured by date according to the colour scale and legend to the right of each pair of orthographic global projections 
to illustrate the temporal coordination (or lack thereof ) of the location of pair members. The points do not include the periods in 24-h daylight and 
before the start of return migration which are shown as plots of longitude by date in Additional file 1: Fig. S3
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Fig. 1 (See legend on previous page.)
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frequent in new pairs of young birds (Busse 1983). Arrival 
synchrony may be important in maintaining partner fidel-
ity (Gunnarsson et  al. 2004) and in Common Terns 20% 
of pairs may divorce as a result of delays in partner arrival 
(González-Solís et al. 1999). For Arctic Terns, it has been 
suggested that partner loyalty, rather than loyalty to the 
breeding site (Bried et al. 2003), may be important in pair 
bond stability (Busse 1983).

In this sample of geolocator-tagged Arctic Terns, the 
divorce of one third of pairs suggests that divorce may be 
relatively frequent in this colony. Divorce may result from 
a range of factors (Johnston and Ryder 1987; Choud-
hury 1995). Youthful inexperience (sensu Busse 1983) is 
not a satisfactory explanation here, given that three of 
the divorcing birds were at least more than 4 years old. 
In the two pairs that divorced, females arrived after the 
males and the 13-day gap for one pair could have been a 
decisive factor. Nevertheless, arrival times derived from 
geolocation data are subject to geolocation accuracy and, 
ideally, visual observations of the arrival of individuals at 
the colony will be important for testing the contribution 
of arrival asynchrony to divorce. For the other divorced 
pair, the male was in the same nesting area as the previ-
ous year and his new mate was slightly younger than his 
previous partner—perhaps a better option for successful 
breeding (Flodin and Blomqvist 2012) particularly given 

the delay in arrival of his previous partner. In addition, 
as these birds were nesting in a dense part of the colony, 
competition for nest sites with extensive social mixing 
may also facilitate divorce by coercion (Jeschke et  al. 
2007).

The possibility that geolocators could have had an effect 
on pair-bonding interactions is an important caveat. In 
previous studies of Common and Roseate Terns (Sterna 
dougallii), geolocators produced adverse effects includ-
ing reductions in body mass, breeding and survival (Nis-
bet et al. 2011; Mostello et al. 2014) which may increase 
divorce frequency. However, there was no evidence for an 
effect of geolocators in this study (and see Redfern and 
Bevan 2020b) or in a recent study using the same type of 
geolocator and attachment methods on Roseate Terns 
(Redfern et al. 2021). Given that the breeding success of 
geolocator-tagged pairs in this study was not detectably 
different from untagged pairs, an effect of geolocators in 
increasing divorce frequency in this study seems unlikely.

Partial pair bonds
Migration in family groups may increase fitness through 
parental care, but this may depend on the availability 
of predictable foraging resources and migration strat-
egy, enabling the family to remain together at migra-
tion stopovers and wintering areas, as may be the case 
for geese, swans and cranes (Covas and Griesser 2007). 
When prey availability varies, birds may adapt foraging 
strategies depending on the benefits of foraging in groups 
or as individuals (Pöysä 1992; Sutton et  al. 2015); prey 
availability could, therefore, place limits on the feasibil-
ity of continuing parental care away from breeding areas. 
Furthermore, staying together as a pair or family group 
when prey are scarce and widely distributed may not be 
an efficient strategy for individuals to maximise foraging 
success on migration and in non-breeding areas. Flying 
in close proximity can be energetically costly (Sankey and 
Portugal 2019), and staying with a particular individual, 
as opposed to a loose association of birds, requires the 
processing of sensory information, interaction rules and 
coordination of responses (Herbert-Read 2016) that may 
come at energetic cost. For long-distance migrants such 
as terns using a “fly-and-forage” strategy (Strandberg and 
Alerstam 2007; Hedenström and Åkesson 2016; Redfern 
et al. 2021), where opportunities for foraging on surface 
prey are unpredictable in the three-dimensional marine 
environment, there may be few advantages to remaining 
in pairs or a family group away from the breeding colony. 
Therefore, partial pair bonding, relatively stable from 
year to year but limited to the breeding colony, is likely 
to be a favourable evolutionary stable strategy for Arc-
tic Terns and other migratory seabird species dependent 
on a patchy surface availability of forage fish varying at 

Fig. 2 Point-to-point distances between partners for outward a 
and inward b trajectories, based on locations (latitude, longitude) 
estimated using FLightR at the dawn and dusk thresholds each 
day. Line and point colour are distinct for each pair as indicated in 
the legend (top left) in the graphs. In b, vertical arrows indicate the 
dates of departure from the Antarctic ice zone, marking the start 
of return migration (Redfern and Bevan 2020a) for the members of 
each pair, coloured according to the legend (top left). The reduction 
of point-to-point distances to 0 in b indicates the arrival of pairs (as 
units) back to the breeding colony
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different oceanographic scales (Carroll et  al. 2017; Hol-
land et al. 2020).

The corollary of this argument is that for long-lived 
species where breeding and wintering areas are linked 
by fly-and-forage migration there may be a premium on 
breeding-site fidelity, with coordination of arrival times 
to maximise the chance of retaining a familiar part-
ner for a short breeding season. In this context, divorce 
should be adaptive; as in Emperor (Aptenodytes forsteri) 
and King Penguins (A. patagonicus) which have a nar-
row time window for breeding (Bried et al. 1999), divorce 
may be the best strategy in a short breeding season when 
a familiar mate does not arrive soon enough and other 
suitable partners are available. For Arctic Terns, pre-
dictable foraging resources in the Antarctic could be a 
factor in ensuring synchrony of arrival back to the breed-
ing colony. If foraging success is reduced by changes in 
Antarctic ice conditions (Redfern and Bevan 2020a), 
consequential delay and increased variability in dates of 
departure for return migration might have consequences 
for increasing divorce frequency.

Conclusions
After breeding, Arctic Tern partners departed from the 
colony at different times and were spatially well separated 
throughout their migration to the Antarctic, with distinct 
trajectories across the Indian Ocean. Partners remained 
separated in the Antarctic. Departures on return migra-
tion were also spatially and/or temporally separated, and 
partners remained separated until arrival back at the 
breeding colony. The maintenance of partial pair bonds 
where pairs only reunite at the breeding colony is likely 
to be the predominant pair-bond strategy for seabirds 
dependent on unpredictable foraging opportunities.
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