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INTRODUCTION

Migratory behavior is observed in assorted animal groups, 
including birds. This behavior is driven primarily by seasonality 
in environmental conditions, such as food availability and extreme 
weather conditions (Newton 2008). Although migratory seabirds 
demonstrate high fidelity to wintering areas (Phillips et al. 2005, 
van Bemmelen et al. 2017), some individuals can be found outside 
of these grounds (Bourne 1967, Kenefick & Hayes 2006, Portflitt-
Toro et al. 2018). These birds are called ‘vagrants’, defined as 
“any exotic visitor of a species which does not normally breed, 
overwinter or pass through the region concerned” (sensu Newton 
2008). The reasons for vagrancy are not clear, but there are several 
possibilities, such as drift by wind forces, migration overshoots, and 
migration misdirection (Gilroy & Lees 2003, Newton 2008). Over 
time, some vagrants are actually verified as ‘pseudo-vagrants’—a 
term that was proposed to characterize individuals that perform 
genuine annual migration but belong to a species for which the area 
and/or the migration routes of the species are not well understood 
(sensu Gilroy & Lees 2003). Records of vagrants and pseudo-
vagrants can provide useful information about factors that influence 
the migratory and wintering behavior of birds (Gilroy & Lees 2003) 
and can also help to establish their spatial distribution.

Sabine’s Gull Xema sabini has a circumpolar breeding range, 
extending from low to high Arctic regions (Howell & Dunn 2007, 
Olsen 2018). Among the smallest Arctic-breeding gulls, this 
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that the majority of records are associated with productive/fishing zones (and are also in areas with low or no at-sea effort for bird surveys), and that 
juveniles and young adults typically migrate further, suggests that some individuals may search for productive areas for wintering outside of the 
main, or well-known, destinations. Our findings suggest that at least some individuals of Sabine’s Gull, rather than being ‘disoriented’, might be in 
genuine areas of migration corresponding to their life stage, therefore expanding the known distribution range of this species.
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species is the only to exhibit consistent trans-equatorial migration, 
considered the longest for any gull (Stenhouse et al. 2012). Its 
population size is ca. 330 000–700 000 individuals (BirdLife 
International 2020), and its known wintering areas are in the 
coastal upwelling zones off Peru, and off Namibia and South Africa 
(Stenhouse et al. 2012, Davis et al. 2016). Individuals that winter 
off the west coast of South America are most likely to breed in 
Siberia, Alaska, and the Western Canadian Arctic, whereas those 
found along the west coast of Africa are likely to breed in the 
Eastern Canadian Arctic, Greenland, and Svalbard (Blomqvist & 
Elander 1981, Stenhouse et al. 2012, Davis et al. 2016). Although 
these areas are considered the main non-breeding sites for Sabine’s 
Gull, their full range is not well known (Howell & Dunn 2007).

Individuals outside of the main wintering areas have been recorded 
worldwide (Olsen 2018). Therefore, a compilation of records 
termed ‘vagrants’ can improve knowledge regarding the distribution 
pattern of Sabine’s Gull. This study aims to review the ‘vagrant’ 
(hereafter called ‘unusual’) records of the species globally, based 
on published and unpublished data from three scientific databases. 
We discuss these records according to age, marine productivity and 
fisheries grounds, and already-known migration corridors.

METHODS

The review of unusual records of Sabine’s Gull was based on 
published (peer-reviewed papers and books) and unpublished data 
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from scientific databases. We used three databases: the Global 
Biodiversity Information Facility (GBIF; https://www.gbif.org/); the 
Ocean Biodiversity Information System (OBIS; https://obis.org); and 
eBird (https://ebird.org/; Sullivan et al. 2009, eBird 2020). All records 
are shown in the Appendix 1 (available on the website; Figs. S1, S2, 
S3). Data gathered from these sources were filtered to build the final 
data set (unusual records) based on several criteria (see below).

To define unusual areas, we first created a 75% kernel contour line 
(Appendix 1, Fig. S4) based on all the occurrence data, using the 
“adehabitatHR” package (Calenge 2006). To avoid biases caused 
by uneven record densities, we thinned the original datasets using 
a minimum spacing of 200 km radius between occurrence records, 
through the “spThin” package (Aiello-Lammens et al. 2015), before 
kernel analysis. After the kernel analysis, we excluded records that 
were inside the ‘usual’ species range polygons provided by BirdLife 
International & Handbook of the Birds of the World (2019) and that 
were inside the 75% kernel contour generated by our analyses using 
the “sf” package (Pebesma 2018). We removed records North of 
60°N due to proximity to breeding colonies. For records off western 
South America, we considered North of 20°S as ‘usual’ area (see 
Davis et al. 2016). Additionally, records in the Bering Sea, as well 
as records on the Gulf of Guinea, were considered to be within the 
‘usual’ passage area.

The unusual records were classified as documented (with 
photographs) or undocumented (without photographs) records. 
The information obtained from each record included, when 
available, the date of occurrence (at least the month), geographic 
coordinates (or locality), and plumage maturity. Plumage maturity 
was defined following Howell & Dunn (2007) and Olsen (2018), 
and based on the same references we defined the life-cycle 

schedule as ‘breeding period’ (May–Aug), ‘southbound migration’ 
(Aug–Oct), ‘non-breeding period’ (Oct–Mar), and ‘northbound 
migration’ (Mar–May).

We verified the importance of the identified areas in terms of 
marine productivity and fishing grounds on a global scale based on 
available scientific literature (Stewart et al. 2010, Boyce et al. 2012, 
Guiet et al. 2019), and on a local scale through oceanographic/
fisheries literature that was specific to each record/locality. By 
overlapping a chlorophyll-a image with the geographic location of 
unusual records of Sabine’s Gulls, we were able to assess the visual 
relationship between the mean chlorophyll-a concentration (a proxy 
for primary productivity) and these unusual records. This image was 
obtained from Sea-viewing Wide Field-of-view Sensor (SeaWiFS), 
with the average concentration calculated based on the 2002–2018 
period and mapped through the “oceanmap” package (Bauer 2020).

All analyses and visualizations were performed using R version 3.6.2 
(R Development Core Team 2019). Code is available in Appendix 2 
(available on the website), which also contains the full list of 
packages used.

RESULTS

We found 151 unusual records. Of these, 14 and 137 were 
documented and undocumented, respectively (Table 1). The 
majority of records occurred off Chile (n  =  79), South Africa 
(n  =  21), Australia (n  =  16), Taiwan (n  =  6), and Mozambique 
(n = 6) (Table 1). Eighty-nine percent of all records (n = 135) were 
within or nearby areas with high productivity or known fishing 
grounds (Table 1; Figure 1 and 2). Ten out of fourteen documented 
records were juveniles or young-adults (pre-breeding birds) in the 

TABLE 1 
Documented (photographed) and undocumented (unphotographed) records of Sabine’s Gull Xema sabini outside their main 
wintering areas, obtained from published (peer-reviewed papers and books) and unpublished data (GBIF, OBIS, and eBird)

Country Date Life-cycle 
perioda Plumage No. of 

records

No. of 
records in 
productive 

areasb

Source Referencec Local oceanographic/
fisheries importanced

Documented records

Somalia 11 May 1981 NB migration/
Breeding

First-summer 1 1 Published Ash 1983 Qasim 1977; Nair & Pillai 
1983; Madhupratap et al. 
1996; Stewart et al. 2010

Sumatra 22 Oct 1984 Non-breeding Adult-winter 1 1 Published Andrew 1985 Priyono & Sumiono 1997; 
Susilowati et al. 2005; Sunoko 
& Huang 2014

Antarctica 05 Feb 2006 Non-breeding First-summer/
Second-winter

1 0 eBird eBird (50584381) –

Australia 26 Aug 2006 Breeding/
SB migration

Adult-summer 
(molting to winter)

1 0 eBird eBird (61851091; 
127554071)

–

Brazil 16 Nov 2009 Non-breeding Juvenile/
First-winter

1 1 Published Parrini & Carvalho 
2009

Ciotti et al. 1995; Haimovici 
et al. 1998

India 03 May 2013 NB migration/
Breeding

Second-summer/
Adult-winter

1 1 Published Sreenivasan 
et al. 2013

Qasim 1977; Nair & Pillai 
1983; Madhupratap et al. 
1996; Robin et al. 2010

Brazil 24 Aug 2013 Breeding/
SB migration

First-summer 1 1 Published Lees et al. 2014 Artigas et al. 2003; IBAMA 
2009; Daudt et al. 2019

Table 1 continued on next page
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Table 1 continued from previous page

Country Date Life-cycle 
perioda Plumage No. of 

records

No. of 
records in 
productive 

areasb

Source Referencec Local oceanographic/
fisheries importanced

Oman 19 Nov 2013 Non-breeding Adult-summer 
(molting to winter)

1 1 eBird eBird (63891041) Qasim 1977; Nair & Pillai 
1983; Madhupratap et al. 
1996

Taiwan 02 Jan 2014 Non-breeding Juvenile/
First-winter

1 1 eBird eBird (61267201 
61267211; 
61267231; 
61267241)

Lin et al. 2005; Liu 2013

Mozambique 10 May 2015 NB migration/
Breeding

First-summer/
Second-winter

1 1 Published Allport 2018 Qasim 1977; Nair & Pillai 
1983; Lutjeharms 2006;
Tew Kai & Marsac 2010

Brazil 16 Mar 2017 Non-breeding Second-summer/
Adult-winter

1 1 This work This work
(Fig. S5, 

Appendix 1)

Ciotti et al. 1995; Haimovici 
et al. 1998

Brazil 08 Jun 2017 Breeding Second-summer/
Adult-summer 

(molting to winter)

1 1 This work This work
(Fig. S6, 

Appendix 1)

Ciotti et al. 1995; Haimovici 
et al. 1998

Australia 19 Jan 2019 Non-breeding Adult-Winter 1 0 eBird eBird (143813771) –

Australia 17 Jan 2019 Non-breeding Adult-winter/
Second-winter

1 0 eBird eBird (135544601) –

Undocumented records

Antarctica Feb Non-breeding 2 0 GBIF/
OBIS

– –

Arab 
Emirates

May, Jun, Jul NB migration/
Breeding

– 4 4 GBIF – Qasim 1977; Nair & Pillai 
1983; Madhupratap et al. 
1996

Australia Jan, Mar, Apr, 
Jun, Aug, Oct, 

Dec

Year-
round

– 13 9 eBird/
GBIF/
OBIS

– McClatchie et al. 2006; Ward 
et al. 2006; Hassler et al. 
2014; Brieva et al. 2015

Chile Jan, Feb, Mar, 
Apr, May, 

Aug, Sep, Oct, 
Nov, Dec

Year-
round

– 79 79 eBird/
GBIF

– Fonseca 1989; Thiel et al. 
2007

India May Year-
round

– 1 1 eBird – Qasim 1977; Nair & Pillai 
1983; Madhupratap et al. 
1996; Robin et al. 2010

French 
Guiana

Jan – – 1 1 GBIF – Ffield 2005; Silva et al. 2009; 
Willems et al. 2017; Daudt et 
al. 2019

Mozambique – – – 5 other than 
those docu-

mented

5 Allport 
(2018)

– Qasim 1977; Nair & Pillai 
1983; Lutjeharms 2006;
Tew Kai & Marsac 2010

Russia Jun Breeding – 4 2 eBird/
GBIF

– This work
(Figure 2)

South Africa Jan, Feb, Mar, 
Apr

Non-breeding/
NB migration

– 21 18 eBird/
GBIF

– Qasim 1977; Nair & Pillai 
1983; Lutjeharms 2006;
Tew Kai & Marsac 2010

Taiwan Jan, Feb, Mar Non-breeding/
NB migration

– 6 6 eBird/
GBIF

– Lin et al. 2005; Liu 2013

North Pacific 
Ocean

– – – 1 0 GBIF – –

a	 NB = Northbound; SB = Southbound.
b	 The number of records within or nearby areas with high productivity and/or known fishing grounds.
c	 For eBird records, the reference refers to the Macaulay Library number (ML); GBIF = Global Biodiversity Information Facility  

(https://www.gbif.org/); OBIS = Ocean Biodiversity Information System (https://obis.org).
d	 Local oceanographic/fisheries importance, based on scientific literature.
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first or second plumage-cycle (first-summer/winter or second-
summer/winter).

DISCUSSION

Sabine’s Gulls outside of their main wintering grounds are not 
necessarily vagrant birds. We argue that these birds could have 
reached these ‘unusual’ areas through genuine migration routes used 
by other species, and that these areas are often associated with high 
primary productivity and/or fishing grounds; therefore, Sabine’s 
Gulls in these unusual areas may not, in fact, be ‘disoriented’ birds. 
Because Sabine’s Gull has a large population size, and satellite 

tracking studies of this species have been limited to two colonies 
and adult birds, there is considerable room for future studies that 
address the migration patterns and routes of Sabine’s Gull, as well 
as the relative importance of different areas across age classes.

Almost three-quarters (71%) of the documented records verified 
here were from young adults. Differential dispersion between 
ages is well known in birds, as juveniles and young adults tend to 
migrate further and even with delayed schedules (Newton 2008, 
Wolfson et al. 2020). The use of tracking devices has demonstrated 
age-dependent migrations in seabirds, including trans-equatorial 
migrants (Marques et al. 2010, Péron & Grémillet 2013, de Grissac 

Fig. 1. Records of Sabine’s Gull Xema sabini out of their usual wintering areas. Buffers represent main wintering areas (black) and breeding 
grounds (dark gray) according to BirdLife International & Handbook of the Birds of the World (2019); white filled circles represent individuals 
recorded within or nearby productive/fishing grounds, and white filled triangles represent individuals recorded outside of these areas.

Fig. 2. Plate showing average chlorophyll-a concentration between 2002–2018, with zoom-in on the Sabine’s Gull Xema sabini unusual 
records shown in Figure 1. White circles represent records within or nearby areas of high primary productivity and/or known fishing grounds, 
and black triangles represent records outside of these areas. 
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et al. 2017, Orben et al. 2018). Moreover, juveniles, immature, and 
inexperienced adults can move far from their expected migration 
route or staging areas due to competition with experienced adults, 
even in wintering areas (Thiebot et al. 2012, Missagia et al. 2015, 
Campioni et al. 2020). Records presented here could indicate that 
younger Sabine’s Gulls may range further than experienced adults, 
targeting high productivity areas, perhaps using predominant winds 
instead of going directly to the ‘usual’ foraging areas, a pattern also 
found in other seabirds (Campioni et al. 2020, Frankish et al. 2020).

The majority of unusual Sabine’s Gull records (89%) were within 
or nearby high productive and/or known fishing grounds. High 
primary-production and fisheries regions are known to attract 
top predators, with higher seabird densities associated with 
oceanographic features, such as fronts, eddies, and river discharges 
(Scales et al. 2014, Daudt et al. 2019). The Atlantic continental 
shelf off Argentina, Uruguay, and southeastern Brazil (23–55°S) is 
a rich and productive habitat that sustains big fisheries fleets and 
a wide and diverse community of top predators (Croxall & Wood 
2002, Jiménez et al. 2011, Gil et al. 2019). The high productivity 
of the region supports an abundant and diverse seabird community, 
including trans-equatorial migrants such as Arctic Tern Sterna 
paradisaea and South Polar Skua Stercorarius maccormicki (Dias 
et al. 2012, Daudt et al. 2018). In the northeast of South America, 
the freshwater discharge of the Amazon and Pará Rivers make this 
region both highly productive and an important fishing area (Artigas 
et al. 2003, IBAMA 2009). Seabird distribution studies conducted 
in Suriname and north Brazilian waters demonstrate a high diversity 
of migratory species, including many trans-equatorial migrants 
(Willems et al. 2017, Daudt et al. 2019).

The presence of Sabine’s Gull in the Indian and Pacific Oceans are 
also associated with high productivity and fishing grounds. Somalia’s 
coast is considered one of the most productive fishing stocks globally 
and encompasses abundant and diverse marine resources, including 
seabirds and other marine megafauna (Griffiths 2005, Sumaila et al. 
2006, Stewart et al. 2010). In the Mozambique channel, the upwelling 
triggered by eddies has noticeable importance for productivity and 
higher-trophic animals (Lutjeharms 2006, Tew Kai & Marsac 2010). 
On the southwest coast of India, the wind-driven coastal upwelling 
makes this region the major fishing ground of the country (Robin 
et al. 2010). The waters surrounding Indonesia are very productive 
(Susilowati et al. 2005), which supports one of the most important 
fisheries of the world (Priyono & Sumiono 1997, Stewart et al. 2010, 
Sunoko & Huang 2014). In the Pacific Ocean, the east China Sea and 
the Yellow Sea are very productive zones, resulting in an important 
fishing area off China (Liu 2013). The Tasman Sea and the sub-
Antarctic zone are both important regions for Australia’s biodiversity 
(Hassler et al. 2014), and the east coast of Australia across Victoria and 
New South Wales is considered one of the country’s most productive 
marine zones, supporting their most significant sardine fisheries 
(McClatchie et al. 2006, Ward et al. 2006). In the Southeastern 
Pacific Ocean, the upwelling system extending from 05°S off Peru 
to 40°S off southern Chile is considered one of the major primary-
productive areas of the global ocean (Thiel et al. 2007, Stewart et al. 
2010, Guiet et al. 2019). Notably, we observed many unusual records 
of Sabine’s Gull on the coast of Chile. This indicates that wintering 
areas of Sabine’s Gull in the Southeastern Pacific Ocean could be 
extended further south to Chilean seas.

The presence of Sabine’s Gull in the western Atlantic Ocean may 
be related to the prevailing wind system. In general, trans-equatorial 

species of the North Atlantic follow a figure-eight flight pattern to 
exploit the prevailing wind system of the North and South Atlantic 
gyres to facilitate speed and energy-efficient migrations (Felicíssimo 
et al. 2008, González-Solís et al. 2009). Although Sabine’s Gull does 
not follow the entire figure-eight pattern, the high-speed and offshore 
route during its northbound migration suggested that it can exploit 
the prevailing winds around the South Atlantic gyre (Stenhouse et 
al. 2012). Therefore, some individuals could be using the prevailing 
wind systems to explore new feeding areas in the western Atlantic 
Ocean, similar to many other seabird species (e.g., Guilford et al. 
2009, Kopp et al. 2011, Hedd et al. 2012).

The large number of Sabine’s Gull records in Europe (Appendix 1, 
Figs. S1, S3) suggest that Europe could serve as a migration route 
to and from the Indian Ocean. In fact, some bird species use the 
East-Europe flyway as a migratory route, similar to the Siberian 
Crane Leucogeranus leucogeranus, which migrates from Siberia 
through eastern Europe to reach its Iranian wintering ground (Kanai 
et al. 2002). Lesser Black-backed Gulls Larus fuscus cross the 
Baltic Sea and eastern Europe to reach eastern Africa, and stopover 
areas around Israel (Bustnes et al. 2013) overlap with areas where 
Sabine’s Gulls were recorded as ‘vagrants’ (Appendix 1, Figs. S1, 
S3). Based on storm-independent records in the Baltic region 
in autumn and spring, Olsen & Larsson (2004) and Kormann & 
Stumberger (2013) hypothesize that Sabine’s Gull from Svalbard 
(Norway) and Siberia (Russia) could migrate through the Baltic Sea 
and the European mainland, which seems to be a feasible pathway. 
Therefore, Sabine’s Gull could use this migration flyway to reach 
high productive areas in the Indian Ocean.

There are also migration routes across the Pacific Ocean used by 
other species that could be suitable for Sabine’s Gulls. For instance, 
shorebirds like Far Eastern Curlews Numenius madagascariensis, 
Ruddy Turnstones Arenaria interpres, and Greater Sand Plovers 
Charadrius leschenaultii use the East-Asia flyway to reach the 
Southern Hemisphere, including the Australian coast (Ueta et al. 
2002, Minton et al. 2011), whereas the Curlew Sandpiper Calidris 
ferruginea and the Red‐necked Stint Calidris ruficollis migrate from 
non-breeding areas in Australia to breeding sites in the Russian Arctic 
(Lisovski et al. 2021) via this route. Greater White-fronted Anser 
albifrons and Tundra Bean Anser serrirostris geese also depart from 
eastern Siberian regions (where there are Sabine’s Gull colonies) 
to reach south China crossing eastern Asia (Si et al. 2018, Li et al. 
2020). For some species of shorebirds, identified stopovers were in 
Southeast Asia and/or the Indonesian Islands and in the Yellow Sea, 
China—sites where unusual Sabine’s Gulls were recorded.

Here, we present the first summary of Sabine’s Gulls outside of 
their usual wintering areas, shedding light on possible new areas 
explored by (at least) younger individuals. The fact that several 
records outside their main wintering areas have been associated 
with high productivity suggests that some individuals, rather than 
being ‘disoriented’, may have been in search of productive areas 
during their winter migration. Although the concept of pseudo-
vagrants is not widely applied to seabirds (but see Dias et al. 
2010), the results presented here suggest that these individuals 
might be in genuine areas of migration corresponding to their 
life stage. It is important to emphasize that all unusual records 
identified in this study are in areas of little- or no-effort of 
monitoring programs (Mott & Clarke 2018, La Sorte & Somveille 
2020, Lees et al. 2020), and the assumption that these birds are 
disoriented might be a consequence of information gaps about 
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seabird assemblages in these areas. Quiñones et al. (2021a, 
2021b) recently showed that certain seabird species commonly 
occur seasonally off the coast of Peru, an area that has been 
subject to few at-sea survey efforts.

Although we did not test if Sabine’s Gulls occupy the unusual areas 
identified in this study or if it is a series of casual coincidences, we 
strongly argue that the ornithological community should avoid using 
the term ‘vagrant’ for birds in understudied regions. We suggest the 
use of ‘pseudo-vagrant’ for records of occurrence along what is 
likely a genuine migration route or feeding area. Moreover, expert 
range maps do not agree with empirical data of species occurrence 
in most of the cases (Hughes et al. 2021); therefore, accessing the 
extent of ‘vagrant’ and ‘pseudo-vagrant’ records of any taxa can 
potentially indicate ‘new’ suitable areas for wide-ranging species, 
as well as yet unknown destinations.
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