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Abstract

Bycatch in fisheries is one of the most serious threats to pelagic seabirds, causing major
population declines. Mitigation measures can reduce bycatch substantially, but many fish-
eries fail to apply best practices, and seabird mortality remains high. Seabirds often
segregate at sea according to sex and life-history stage, and bycatch risk can vary accord-
ingly. Few studies have tested whether spatial segregation among colonies in foraging areas
affects bycatch risk. We tracked nonbreeding wandering albatrosses (Diomedea exulans) from
Bird Island and neighboring Prion Island, South Georgia, to investigate whether differ-
ences in at-sea distributions and overlap with fisheries explain the contrasting population
trends. Tracked individuals at Bird Island were of known status (immature or nonbreed-
ing adults), and at Prion Island, they were most likely older immatures and potentially a
few nonbreeding adults. There was marked spatial segregation between age classes at Bird
Island, but the pattern between breeding sites was more complex. The overlap with fish-
eries was highest in nonbreeding adults from Bird Island, which experienced a faster rate
of population decline than at Prion Island, where overlap with fisheties was lower. Overlap
was highest with Chinese, South Korean, and Taiwanese squid jiggers, Taiwanese pelagic
longliners, and Argentinian and Spanish trawlers. By improving our knowledge of the spa-
tiotemporal overlap of seabirds with fisheries, management initiatives can be directed at
the fleets that represent the greatest threats.
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and oceanographic features lead to abundant, predictable, and
accessible prey (stocks). Fine-scale interactions occur when

Seabirds are one of the most threatened groups of birds, with
57% of species declining and 43% listed as globally threat-
ened (Phillips et al,, 2023). Their main threats are invasive
species at breeding sites, bycatch during fishing operations, and
overfishing (Dias et al., 2019; Phillips et al., 2023). Seabirds
spend a large proportion of their lifetime at sea, frequently
travelling vast distances and consequently encountering numer-
ous fishing fleets (Beal, Dias, et al., 2021; Clay et al., 2019).
Seabirds and fisheries exploit similar regions, where topographic

seabirds are attracted to fishing vessels in pursuit of offal,
discards, and bait (Carneiro, Clark, et al., 2022; Tasker et al.,
2000). However, seabirds may become entangled or hooked
on longlines, strike trawl cables and monitoring wires, or be
caught in gillnets (Louzao et al., 2011; Phillips et al., 2024). If
used in approptiate combinations, mitigation measures includ-
ing night setting, heavier line weighting, bird-scaring (streamer)
lines, and offal management are effective in reducing bycatch
to negligible levels (Collins et al., 2021; Phillips et al., 2010).
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However, many fisheries fail to operate best practices, and
bycatch remains at unsustainably high levels for many seabirds,
leading to substantial population declines.

Albatrosses and large petrels are at particular risk from
bycatch because they are long-lived, with delayed maturity and
slow reproductive rates, and therefore reduced adult and juve-
nile survival has major impacts on population trends (Pardo
et al., 2017; Phillips et al., 2016). Among the species that are
worst affected is the wandering albatross (Diomedea exulans),
which is listed as globally vulnerable on the International Union
for Conservation of Nature (IUCN) Red List. The population
in South Georgia decreased by ~2% a year between 1983/84
and 2014/15, and by 0.1% a year from then until 2023/24; the
main or only driver appears to be fisheries bycatch, particularly
in the Atlantic Ocean (Mackley et al., 2025). It is listed as a
global high-priority population for conservation by the Multilat-
eral Agreement on the Conservation of Albatrosses and Petrels
(ACAP Advisory Committee, 2011; Poncet et al., 2017). Previ-
ous studies have shown that spatial segregation of wandering
albatrosses by age and sex affects fisheries overlap and bycatch
risk, particularly that females and immatures tend to overlap
more with pelagic longline fisheries (Jiménez et al., 20106; Org-
eret et al., 2021; Weimerskirch et al., 2014). Lower wing loading
enables females to exploit lighter winds, and so they spend more
time than males in tropical waters (Shaffer et al., 2001). Juve-
nile and immature seabirds tend to disperse more widely than
adults, as they explore new environments and improve forag-
ing efficiency. Habitat specialization, differential responses to
environmental cues, or avoidance of competition may therefore
lead them to use suboptimal or more northerly habitats (Clay
et al., 2016; Frankish et al., 2020; Phillips et al., 2017; Weimer-
skirch et al., 2014). This may lead to age biases in bycatch rates
(Gianuca et al,, 2019) or an interaction between age and sex,
for example, in the Indian Ocean, where older male wandering
albatrosses are more likely to travel south than younger males
(Lecomte et al., 2010; Weimerskirch et al., 2014).

The rate of population decline of wandering albatrosses
varies considerably across South Georgia (Mackley et al., 2025;
Poncet et al.,, 2017; Rackete et al., 2021). This appears to be
related at least in part to spatial segregation between colonies
during the breeding season, which affects overlap with fisheries
and hence bycatch risk (Warwick-Evans et al., 2026). Whether
this also applies to nonbreeding birds and contributes to the
contrasting population trends is unknown. After fledging, juve-
nile wandering albatrosses travel north to warmer waters and
do not return to the colony for 3—7 years (Croxall et al., 1990;
Weimerskirch et al., 2014). When they do, the immatures behave
for a period of several weeks as central-place foragers, then
disperse for the rest of the year. After recruitment, wander-
ing albatrosses—if successful—usually alternate a breeding year
during which they are central-place foragers, with a sabbatical
year at sea (Tickell, 1968). Immatures and nonbreeding adults
from Bird Island may remain resident in the south Atlantic
Ocean and Patagonian Shelf, also use the Humbolt Current off
the coast of Chile, or migrate long distances to distant forag-
ing grounds in the east Atlantic, Indian, or Pacific oceans, in
some cases circumnavigating Antarctica multiple times (Clay

et al., 2018; Mackley et al., 2010). Nonbreeding birds therefore
overlap with several seabird bycatch hotspots (Clay et al., 2019).
To date, all tracking of nonbreeding wandering albatrosses has
been at Bird Island, and nothing was known about the distribu-
tion and fisheries overlap of nonbreeders from other colonies at
South Georgia. The aim of out study was therefore to establish
whether spatial segregation and relative ovetlap with fisheries
may contribute to the contrasting trends of wandering alba-
tross populations from Bird Island and Prion Island (~50 km
apart), South Georgia. Birds from Prion Island were unringed
and, based on plumage, timing of fieldwork, and subsequent
observations, were considered to be mostly older immatures
and possibly some nonbreeding adults (i.c., deferring breeders).
In order to disentangle the effects of status and breeding site,
we quantified fisheries overlap for these birds and for birds of
known status (immatures and nonbreeding adults) from Bird
Island. We investigated spatial segregation and dispersal of each
group in addition to quantifying the spatiotemporal overlap with
fishing activity.

METHODS

All fieldwork was approved by the British Antarctic Survey Ani-
mal Welfare and Ethical Review Body and carried out under
permit from the Government of South Georgia and the South
Sandwich Islands.

Device deployment and retrieval

Wandering albatrosses were tracked from two colonies at South
Georgia (Figure 1) between January and December 2022. Bird
Island (54°00" S, 38°03" W) and Prion Island (54°02’ S, 37°25’
W) are located ~50 km apart and held ~770 and ~37 breeding
pairs, respectively, in austral summer 2014-2015 (Poncet et al.,
2017). At Prion Island, geolocators (Global Location Sensors or
GLS loggers; Intigeo C330, Migrate Technology) were deployed
on 20 nonbreeding birds in January 2022; 14 were recovered
in December 2022, 12 of which provided data. Although these
were unringed and of unknown breeding history, based on
plumage (largely white) and early colony attendance (January) in
both seasons, these were likely to be mainly older immatures and
potentially some nonbreeding adults (i.e., deferring breeders)
(Pickering, 1989; Tickell, 1968). At Bird Island, 12 geolocators
deployed on breeding adults in January 2021 were recovered
in January 2023. All active nests at Bird Island are checked at
least monthly, and so we know that these bred successfully in
2021 and were not breeding in January 2022, consistent with
the individuals tracked from Prion Island. The geolocators were
fixed by cable ties to plastic rings deployed on the leg and took
<2 min to deploy and retrieve. They were set to mode 9; light
was sampled every minute, and the maximum was recorded after
5 min. Temperature was measured every 8 h after continuous
immersion for 20 min.

Given that distributions of wandering albatrosses vary with
age and breeding status (Clay et al., 2018; Weimerskirch et al.,
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FIGURE 1 Locations of (a) Bird Island (BI) and Prion Island (PI), South Georgia, where nonbteeding wandering albatrosses wete tracked with geolocators;
albatross (b) core areas (50% utilization distribution), (c) home ranges (95% utilization distribution), and tracks from (d) Bird Island in 2022 (adults) and (e) 2006
(immatures) and (f) Prion Island in 2022 (older immatures and possibly some nonbreeding adults).

2014), and the histotries of birds from Prion Island were
unknown, we also compared their distributions with 18 imma-
ture wandering albatrosses tracked from Bird Island in January
to December 2006 (Clay et al., 2019), in order to disentangle
the effect of breeding site from that of age. Nonbreeding wan-
dering albatross migration strategies and foraging zones wete

highly consistent from year to year (Weimerskirch et al., 2015);
hence, we assumed that the data from 2006 were representative
of birds of similar status in later years. As at Prion Island, the
immatures tracked at Bird Island departed the colony between
December and March and returned between October and
December.
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Data processing

Light data collected in 2022 were processed using ProbGLS
(Mertkel et al., 2016). This uses light data to create a cloud of
points for each timestamp, which is then refined using sea sut-
face temperature (SST) and travel speed to weight each point
and identify the most likely track. Timestamps were weighted
as zero where SST was not recorded ot differed by >3°C from
contemporaneous remotely sensed SST data, or where speeds
were unrealistic (70 or 5 m/s for periods in flight or on the
water, respectively). Nonzero weighted data were linearly inter-
polated to provide two positions per day for each individual. A
benefit of this approach was that it was usually not necessary
to exclude points around the equinoxes, as the latitude was con-
strained by SST. However, for one individual, locations collected
during the equinox seemed unlikely (very close to the Antarc-
tic continent) and were removed from the analyses. The data
from 2006 had already been processed following the methods
described in Clay et al. (2019). Although different approaches
may affect location estimates, particulatly latitudes (Merkel et al.,
2016), this was highly unlikely to have a material effect on our
conclusions.

To avoid biases associated with the time spent attending the
colony, we only compared distributions of nonbreeding birds
when they were not acting as central-place foragers by including
data from the date in December to March that each individ-
ual left a 500-km buffer around the colony for over 30 days,
until it returned to this buffer area in the following October to
December. A bootstrapping approach was undertaken to assess
the representativeness of the samples for each group with the
R package Track2KBA (Beal, Oppel, et al., 2021). All analyses
were conducted in R 4.3.2 (R Core Team, 2021).

Spatial segregation

To test for differences in spatial distribution by colony or status,
utilization distributions (UDs) representing the core area (50%
UD) and home range (95% UD) were calculated for each of the
three groups and for each individual. The smoothing param-
eter (200 km) and the grid cell size (50 km) were consistent
across sites and account for uncertainty in location estimates
from geolocator data (Phillips et al., 2004). Kernel analysis and
spatial overlap were run in track2KBA.

Pairwise population-level overlaps in UDs were calculated for
the three groups with Bhattacharya’s affinity (BA), which is a
metric of similarity between two distributions, and a random-
ization procedure was used to identify significant differences
following Clay et al. (2018). First, overlaps among the groups
of tracked birds were calculated. Subsequently, each track was
randomly assigned to a group, and new UD and BA were cal-
culated. This was repeated 1000 times, and the proportion of
occurrences where the randomly assigned overlap was smaller
than our sample overlap provided the p value. The proportions
of time spent in different sectors of the Southern Ocean were
calculated for each individual. The sizes of the core area and
home range were compared using linear models and post hoc
Tukey tests.

Overlap with fisheries

Data on monthly fishing activity (hours fished) were down-
loaded from Global Fishing Watch (Global Fishing Watch,
2025) at 1° resolution. Spatiotemporal overlap between the
tracked birds and fishing was calculated for drifting (pelagic)
and set (demersal) longlines, trawlers, squid jiggers, unidentified
fishing, and all fishing combined, for each flag state. The pro-
pottions of time spent by birds from each group in each 1° grid
cell each month were calculated and multiplied by the number
of hours fished in that cell to provide a monthly overlap index.
The same approach was also used to calculate an overlap index
for birds according to their migration strategy (as opposed to
breeding site and age).

RESULTS

Tracks were obtained for 12 nonbreeding adult wandering alba-
trosses and 18 immatures at Bird Island in 2022 and 20006,
respectively, and 12 older immatures or nonbreeding adults at
Prion Island in 2022. Date of return to the colony varied lit-
tle among groups: almost all individuals returned in the last
2 weeks of November or the first week of December. Date
of departure was much more variable; nonbreeding adults from
Bird Island all departed between early December and late Jan-
uary, whereas immature birds from Bird Island and birds from
Prion Island departed between mid-January and late March.
The core areas were well represented for all three groups (Bird
Island adults, 92%; Bird Island immatures, 91%; Prion Island,
89%), whereas the home range was slightly less representative
(Bird Island adults, 83%; Bird Island immatures, 84%; Prion
Island, 82%) but sufficient to make population-level inferences
about distributions. These values represented the percentage
of the area used by the population that was captured in our
sample.

Spatial segregation

Some individuals from all three groups circumnavigated Antarc-
tica, whereas others remained in the southwest Atlantic and
Patagonian Shelf area (Figure 1; Appendices S1-S3). The core
areas of all three groups were on the Patagonian Shelf, south-
west Atlantic Ocean, southwest Indian Ocean, and the Chatham
Rise (bitds from Prion Island, and immatures but not non-
breeding adults from Bird Island). These varied more among
birds from Prion Island and immatures from Bird Island than
nonbreeding adults from Bird Island (Appendix S4). Imma-
tures from Bird Island had larger foraging areas than individuals
from Prion Island and nonbreeding adults from Bird Island
(F39 = 1297, p < 0.01). The home range for all three groups
was circumpolar and of similar mean size (Figure 1). UDs of
immatures and adults from Bird Island showed significant spa-
tial segregation in both the core foraging area and the home
range area (Table 1). Spatial segregation was also detected in
the home range of birds from Prion Island and immatures from
Bird Island (Table 1). The home range of immatures from Bird
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TABLE 1  Observed and randomized overlap (Bhattacharya’s affinity) of utilization distributions of nonbreeding wandering albatrosses tracked from Bird
Island (BI) and Prion Island (PI), South Georgia.
Population Utilization distribution (%)?* Sample overlap Mean randomized overlap (SD) pb
BI adults—Prion Island 50 (core area) 0.34 0.36 (0.04) 0.35

95 (home range) 0.77 0.78 (0.03) 0.41
BI immatures—BI adults 50 (core area) 0.28 0.37 (0.03) 0.01

95 (home range) 0.66 0.80 (0.03) <0.001
BI immatures—Prion Island 50 (core area) 0.30 0.37 (0.03) 0.22

95 (home range) 0.74 0.80 (0.03) 0.03

*Maximum values for the core area are 0.5 and for the home range area are 0.95.
P Proportion of randomized overlaps smaller than the observed overlap.

Island was evenly distributed around Antarctica, whereas that
of birds from Prion Island was mote focused on the south-
west Atlantic and Pacific than the Indian Ocean. In contrast,
wandering albatrosses from Prion Island and immatures from
Bird Island spent more time in ocean basins farther from South
Georgia than adults from Bird Island; this last group spent a
higher proportion of time on the Patagonian Shelf and around
South Georgia (Figure 2). In terms of time spent in different
ocean sectors, the distribution of birds from Prion Island was
intermediate between those of immatures and adults from Bird
Island.

The majority of individuals adopted one of four migration
strategies: resident, birds remained within a few thousand kilo-
meters of South Georgia and frequented the Patagonian Shelf
and Humbolt Current region; to South Africa and farther east,
individuals flew east with prevailing winds and used stopover
sites around the Subantarctic Front (SAF) off South Africa
or farther east toward Australia; circumnavigation, individuals
flew east with prevailing winds and circumnavigated Antarc-
tica at least once, sometimes including stopovers in the SAF
off New Zealand, Australia, or South Africa; and west to New
Zealand, individuals flew west against prevailing winds in the
Pacific Ocean, spending time in the Chatham Rise. Each of the
four migration strategies was adopted by at least two individuals
from each group, except that no nonbreeding adults from Bird
Island traveled west across the Pacific Ocean (Appendix S5).

Overlap with fisheries

Fishing activity occurred throughout the circumpolar range of
the birds from all groups (Figure 3). Overlap with fishing of
nonbreeding adults from Bird Island was more than three times
higher than for individuals from Prion Island and more than
twice that of immatures from Bird Island. Overlap with drift-
ing (pelagic) longlines and squid jiggers by nonbreeding adults
from Bird Island was more than five times greater than for
birds from Prion Island and twice that of immatures from Bird
Island (Table 2). Birds from all groups overlapped with multiple
fishing fleets on the Patagonian Shelf, the southwest Atlantic
Ocean, and around South Africa, particularly between March
and June (Table 2; Figure 3). Birds from Prion Island and imma-

tures from Bird Island also overlapped with trawlers off New
Zealand. Overlap was highest with Chinese, South Korean, and
Taiwanese squid jiggers, Taiwanese drifting (pelagic) longlines,
and Argentinian and Spanish trawlers (Figure 4). Overtlap with
fishing was considerably lower for birds that travelled east to
New Zealand than for birds that adopted any other migratory
strategy (Appendices S6 & S7). Overlap with all fishing types
was similar for the remaining three strategies, except that birds
that traveled east of South Africa had a higher overlap with
drifting (pelagic) longlines than birds from other groups.

DISCUSSION

This study is one of the first to link spatial segregation, relative
fisheries overlap, and hence likely bycatch risk of nonbreeding
albatrosses or petrels to differences in population trends among
breeding sites in the same island group. There was extensive
individual variation in the distribution of nonbreeding wan-
dering albatrosses from each site. Differences in distribution
between the three groups of birds that we tracked were more
apparent in the proportion of time spent in different ocean sec-
tors than in the overall core areas and home ranges; these were
most obvious between age classes rather than colonies. Regard-
less, both nonbreeding adults and immatures from Bird Island
ovetlapped more with fisheries than birds (mostly older imma-
tures) from Prion Island. This has important implications for
bycatch risk, which is by far the greatest threat to wandering
albatrosses at South Georgia (Mackley et al., 2025; Phillips et al.,
2010).

Distribution and spatial segregation

Wandering albatrosses from both colonies used one of four
migratory strategies. Three of these were to remain resident,
migrate east to South Africa or Australia, or circumnavigate
Antarctica, which were the strategies adopted by wandering
albatrosses breeding in the southern Indian Ocean and by gray-
headed albatrosses (7halassarche chrysostoma) from South Georgia
(Croxall et al., 2005; Weimerskirch et al., 2015). However, birds
from Prion Island and immatures from Bird Island also used a

85U80|7 SUOWIWOD A0 3|edldde aup Aq peusenob ae ssppiie YO ‘8sn Jo seini 1oy AriqiT8uljuO A8]IM UO (SUOpUoD-pUe-sLIeIALI0D A8 | 1M ATl 1 Bul|UO//:SANY) SUORIPUOD pue swie | 81 8sS *[9202/c0/72] Uo A%iqiauliuo A(IM ‘Aenins ooy usnug Aq 09202 140/ TTTT OT/I0p/L0D A8 1w AeIq U1 UO"01GUOD//SANY WO. papeoiumod ‘0 ‘6ELTEZST



60f13

WARWICK-EVANS ET AL.

50°W

B0°E

70°W

105°W

0.03
[
swpP
Bl immature
| K
Bl adult

175°W 150°E

50°W

B0°E

70°W

105°W

175°W 150°E

50°W

B0°E

70°W

105°W

175°W 150°E

FIGURE 2
nonbreeding wandering albatrosses from Prion Island (PI) and Bird Island

(a) The proportion of time spent in different ocean sectors by

(BI), (b) index values of overlap of nonbreeding wandering albatrosses with all
fishing activity, and (c) index values of overlap of nonbreeding wandering
albatrosses with drifting (pelagic) longline fishing (PS, Patagonian Shelf; SG,
South Georgia; SEA, southeast Atlantic Ocean; SWIO, southwest Indian
Ocean; CIO, central Indian Ocean and Australia; N7, New Zealand; SWP,
southwest Pacific Ocean; SEP, southeast Pacific Ocean).

Index of the overlap between fisheries and nonbreeding wandering albatrosses tracked from Bird Island (BI) in 2006 (immatures [im]) and 2022 (adults [ad]) and Prion Island (PI), South Georgia, in 2022.

TABLE 2

Squid jiggers Unidentified fishing

Trawlers

Set (demersal) longlines

Drifting (pelagic) longlines

All fishing

BI ad PI BI im BI ad PI BIim BI ad PI BIim BI ad PI BIim BI ad PI BI im

BIim

BI ad

Month

17

95

28

149
97

January

45

27

14

17

12

February

6

12

38

353

38

16

107

11

87

33

491

March
April

May

20

18

104 47 28 365 107 87

65
13

11

11

138 20

168

525

14

126

81

146

71

17

12

20

11

15
50
16
44
12

245

159

255
78

28

73

18

17

129

42

June

25

41

16
29
11

20
48

July

15

17

24

August

20

September

15

24

16

October

November

17

10

19

December

Total

42

90 26

279

197

1008

271

370 160

48

65

76

75

c

163

725

493

1719
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FIGURE 3  All fishing activity, drifting (pelagic) longline, and set (demersal) longline in 2022 and their overlap with nonbreeding wandering albatrosses tracked

from Bird Island (BI) (adults in 2022, immatures in 2006) and Prion Island (PI) in 2022. The monthly overlap is summed to produce annual overlap maps.

fourth strategy, migrating west into prevailing winds as far as
New Zealand. This is contrary to the general pattern that wan-
dering albatrosses travel predominantly with prevailing winds,
to such a degree that they may detour many thousands of kilo-
meters in the nonbreeding petiod in order to take advantage
of wind regimes (Weimerskirch et al., 2000, 2015). Howevet,
seabirds can use low-pressure systems to fly westwards in
regions predominantly influenced by westerly winds (Murray

et al., 2003). All four individuals that adopted this strategy
departed from South Georgia between late February and late
March, and it is plausible that the pressure systems at this time
of year facilitated this westerly migration.

The spatial segregation of immature and nonbreeding adult
wandering albatrosses has likely evolved to reduce competition
for foraging opportunities around the large breeding colonies at
South Georgia and in the Indian Ocean. Juvenile and immature
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FIGURE 4

Overlap of nonbreeding wandering albatrosses from Bird Island and Prion Island, South Georgia, with fishing vessels by flag state and gear type

(fishing gears, primary type for vessels actively fishing; three-letter codes, registered flag state; ARG, Argentina; CHL, Chile; CHN, China; ESP, Spain; FLK, Falkland
Islands; KOR, South Korea; NZL, New Zealand; PRT, Portugal; SYC, Seychelles; TWN, Taiwan; URY, Uruguay; VUT, Vanuatu; ZAF, South Africa).

seabirds frequently avoid competition with adults by spending
more time in lower-quality habitats (Clay et al., 20106; Phillips
et al.,, 2017; Weimerskirch et al., 2000). In contrast, nonbreeding
adults can presumably compete more successfully with breed-
ing birds near colonies, and high marine productivity in the
southwest Atlantic may be sufficient to support large numbers
of wandering albatrosses year-round (Croxall & Wood, 2002;
Wakefield et al., 2014), particularly given that density-dependent
competition has likely reduced along with the steep population
decline (by 39% between 1983 /84 and 2023 /24; Mackley et al.,
2025). This would explain the higher proportion of time spent
by nonbreeding adults around South Georgia and on the Patag-
onian Shelf. Additionally, lack of prior knowledge of productive
foraging habitats, combined with differential responses to exter-
nal environmental cues, may drive young individuals to disperse
more widely, whereas expetienced adults migrate directly to
productive locations (Frankish et al., 2020). It is plausible that
some of the differences in UDs, particulatly in terms of lati-
tude, may reflect the different geolocator processing methods
(Merkel et al., 2016). However, the processing would have min-

imal impact on the proportion of time spent in different ocean
sectors, and so we ate confident that our results represent true
differences in distributions between age classes and sites.

Sexual segregation as a result of size dimorphism, com-
petitive exclusion, or reproductive role also mediates the
distribution of seabirds during the nonbreeding season (Clay
etal.,, 2018; Pérez et al., 2014; Phillips et al., 2009; Weimerskirch
et al,, 2015). Sex was unknown for the majority of individuals in
this study, and thus, we cannot rule out an effect. However, for
nonbreeding adults tracked from Bird Island, both males and
females adopted three of the four migration strategies, suggest-
ing that sex was not a major driver of the observed variability in
distribution.

Spatial segregation between conspecific seabirds from dif-
ferent island groups during the nonbreeding season is often
considered to be a response to habitat or prey specialization,
variability in breeding strategy, or niche partitioning (Clay et al.,
2016; Thiebot et al., 2012; Weimerskirch et al., 2015). It was not
possible in our study to fully disentangle the effects of breed-
ing site from those of age, because although the majority of
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birds from Prion Island were older immatures, the sample pos-
sibly also included a few nonbreeding adults. However, there
was clearly a site effect given the spatial segregation in home
ranges between these birds and immatures from Bird Island,
with more time spent by the former in the southeast Pacific
and less time around New Zealand. The reason for these differ-
ences is unclear. Wandering albatrosses breeding at Bird Island
and Prion Island show spatial segregation but use habitats with
similar characteristics, providing no evidence for consistent dif-
ferences in habitat specialization (Warwick-Evans et al., 2020).
Wandering albatrosses at Bird Island breed biannually if suc-
cessful (Tickell, 1968), and there is no reason to considet that
breeding strategies differ at Prion Island. Niche partitioning
between the two populations is a possibility, but this seems
unlikely given the large overlap and similar migration strate-
gies of birds from all three groups. Just 50 km separates Bird
Island from Prion Island, which is just a fraction of the vast dis-
tances travelled by nonbreeding wandering albatrosses. There
are no clear ecological or physiological reasons why the birds
from the two islands should segregate when there is no central-
place foraging constraint. The ecological drivers mediating the
remarkable spatial segregation observed between these two
populations during the breeding season were similarly unclear
(Warwick-Evans et al., 2026). Instead, the segregation of breed-
ing and nonbreeding birds may be driven by a combination
of past experience, information exchange, and cultural evolu-
tion. There is no evidence that migration strategy is heritable in
wandering albatrosses (Weimerskirch et al., 2015). Instead, indi-
vidual experience as a juvenile or immature influences migration
patterns and distributions of seabirds in later life, which are
often refined over time (Campioni et al., 2020; Guilford et al,,
2011; Votier et al., 2017).

Overlap with fisheries

Although spatial segregation between age classes and breeding
colonies for the nonbreeding wandering albatrosses was sub-
tle, there were striking contrasts in the overlap with fisheries. If
the latter reflects relative bycatch risk, that would at least partly
explain the contrasting rates of population decline at Bird Island
and Prion Island. Although it has been suggested previously
that spatial segregation between populations on different island
groups may affect bycatch risk of nonbreeding adults (Clay etal.,
20106; Weimerskirch et al., 2015) ot breeders (Corbeau et al.,
2021; Genovart et al., 2018), ours is the first study to quantify
this for colonies within the same island group and to show it for
immature birds.

Wandering albatrosses are attracted to many types of fishing
vessel including squid jiggers, trawlers, and longliners (Catneiro,
Clatk, et al., 2022); however, pelagic (drifting) and demersal
(set) longline fisheries are thought to pose the greatest threat
in the absence of bycatch mitigation, as birds attempting to feed
on the baited hooks are caught and drowned (Jiménez et al.,
2014, 20106). We also analyzed overlaps with squid jiggers and
trawlers, as some mortalities of wandering albatrosses have been
recorded (Adasme et al., 2019; FIG, 2021; Reid et al., 2021), but

these seem unlikely to represent as great a threat as other fish-
ing modalities. Overlap of nonbreeding adults from Bird Island
with all fishing, and with drifting (pelagic) longlines, was con-
siderably higher than that of both immatures from Bird Island
and birds from Prion Island. Bycatch of wandering albatrosses
in pelagic longline fisheries in the southwest Atlantic is higher
for adults than juveniles or immatures (Croxall & Prince, 1990;
Jiménez et al., 2016). This pattern for seabirds may result from
the competitive advantage of adults behind vessels but is more
commonly a consequence of spatial segregation (Clay et al.,
2019; Collet et al., 2017; Frankish et al., 2021; Gianuca et al.,
2019). Although the distribution and use of ocean sectors of
birds from Prion Island were intermediate between those of
adult and immature birds from Bird Island, their overlap with
fisheries was usually the lowest of all three groups. This suggests
that relatively fine-scale variation in spatial or temporal distribu-
tion can have a large effect on fisheries ovetlap metrics. Indeed,
although there are hotspots of fishing effort within the circum-
polar range of seabirds from all three groups that we tracked,
temporal overlap was lower in the more distant regions, in which
immature birds from Bird Island and birds from Prion Island
spent more time. There were also some differences between
these two groups, as the former ovetlapped more with fisheries
around New Zealand and off South Africa.

Understanding migration strategies at the individual level may
provide valuable insights when evaluating the overlap between
seabirds and fisheries. The wandering albatrosses that remained
resident, migrated east past South Aftica, or circumnavigated
Antarctica tended to spend time in regions of high fishing activ-
ity in the southwest Atlantic or Subantarctic Front off South
Africa (Clay et al.,, 2019, this study). In contrast, birds that trav-
elled west to New Zealand spent little time in these areas, and
fishing activity between South America and New Zealand tends
to occur at lower latitudes, resulting in lower fisheries overlap.

For all groups of birds, overlap with fishing activity was
largely concentrated on the Patagonian Shelf and shelf break,
whereas ovetlap with drifting (pelagic) longline activity was con-
centrated at the Subantarctic Front in the southwest Indian
Ocean, consistent with a previous study (Clay et al., 2019). This
explains why the wandering albatrosses that migrated east past
South Africa had a higher overlap with drifting (pelagic) long-
lines than those with alternative migration strategies. Bycatch
of wandering albatrosses in subtropical tuna fisheries around
the Brazil-Falklands Confluence is high (Bugoni et al., 2008;
Jiménez et al, 2014) and likely a major cause of the long-
term population decline at South Georgia (Pardo et al., 2017).
Bycatch rates were also high in pelagic longline fisheries in
the southwest Pacific (Gales et al., 1998; Huang & Yeh, 2011).
Although overlap with pelagic and demersal fisheries operating
off South Africa and in the southwest Indian Ocean is high, the
available data from observers suggest that bycatch rates for wan-
dering albatrosses in these regions are low (Jiménez et al., 2020
Petersen et al., 2009; Rollinson et al., 2017; Ryan et al., 2002).
Additionally, breeding populations of wandering albatrosses in
the Indian Ocean are stable (Weimerskirch et al., 2018), sug-
gesting that bycatch of this species is much less of a problem in
this region than elsewhere. This may reflect differences in ves-
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sel operations (e.g., time of setting, distance between weight and
hook, and heaviness of weight), the use of mitigation, or other
factors, such as the assemblage of species scavenging behind
vessels. The white-chinned petrel (Procellaria aequinoctialis) is the
most bycaught seabird species in the Southern Ocean (Andet-
son et al., 2011). They bring baited hooks back to surface waters
but are often displaced by larger seabirds, such as albatrosses,
putting the latter at risk (Jiménez et al., 2012). Globally, the
highest abundance of white-chinned petrels is in the southwest
Atlantic, which is likely a key factor increasing the bycatch of
seabirds in general in this region and means there is not a linear
relationship between overlap or attendance rates and the proba-
bility of capture for different vessel types or locations (Carneiro,
Clark, et al., 2022).

An important caveat is that the overlap metrics approximate
absolute risk because impacts also depend on bird behavior
and operational factors, including vessel attraction, gear type, or
the use of bycatch mitigation measures (Carneiro, Clark, et al.,
2022; Collet et al., 2017; Phillips et al., 2016). The use of one
or more of bird-scaring (streamer or tori) lines, night setting,
or heavier line weighting by demersal and pelagic longline ves-
sels can reduce seabird bycatch (Collins et al., 2021; Da Rocha
et al,, 2021; Jiménez et al., 2020). Although bycatch reduction is
greatest when these are used in combination, mitigation require-
ments for many fishing fleets are still not best practice, and
monitoring of compliance is insufficient (Phillips et al., 20106).
Indeed, requirements for bycatch mitigation and observer cov-
erage differ greatly among the regional fisheries management
organizations that regulate pelagic or demersal fishing in each
region (Appendix S8). Accordingly, the relationship between
our fisheries overlap index and bycatch risk will vary according
to the fleets or vessels involved.

Overlap was highest with squid jiggers flagged to Tai-
wan, China, or South Korea, followed by trawlers flagged to
Argentina, Spain, and the Falkland Islands for birds for all
groups. Moreover, birds from all three groups overlapped with
drifting (pelagic) longlines from Taiwan and China and set (dem-
ersal) longlines from Chile and South Korea. In all cases, ovetlap
was higher for adults from Bird Island than for immatures from
Bird Island or birds from Prion Island. Although the overlap
with squid jiggers and trawlers was greater in terms of fish-
ing hours, bycatch risk is considerably higher in demersal and
pelagic longline fisheties even though the encounters are less
frequent and of shorter duration (Carneiro, Clark, et al., 2022;
Clay et al., 2019). Differences in bycatch rate also vary accord-
ing to flag state as a result of different operational or mitigation
measures, and bycatch risk may also be underreported or biased
by low observer coverage (Clay et al., 2019; Phillips, 2013).

Another caveat is that the GFW database does not provide
a complete picture of fishing effort. The system relies on the
automatic identification system (AIS) to identify vessels and an
algorithm to detect fishing activity from vessel movement pat-
terns (Global Fishing Watch, 2025). However, many small fleets
operating in coastal waters, and some larger fleets on the high
seas, including illegal, unreported, and unregulated vessels, do
not have AIS or it has been disabled, and in some regions, the
satellite coverage is poor (Carneiro, Dias, et al.,, 2022; Orben

et al, 2021). Additionally, the algorithm that detects fishing
activity is not always correct (Kroodsma et al., 2019). However,
for the purposes of our study, it is likely that biases are similar for
birds from each group, and thus any impact on our conclusions
will be minimal.

Implications for population trajectories and
management

Our study shows considerably higher overlap with fisheries
of nonbreeding wandering albatrosses from Bird Island than
from Prion Island, and it is likely this contributes to the con-
trasting rates of decline (Mackley et al., 2025; Rackete et al.,
2021). Ovetlap of nonbreeding adults was higher than that
of younger birds, and in long-lived seabirds like albatrosses,
increased adult mortality will have a greater impact on the
population trends than mortality of immatures, given the slow
rate of reproduction (Lewison et al., 2014). Despite the low
proportion of overlap of wandering albatrosses from all three
groups with longline fishing on the Patagonian Shelf and at the
Brazil-Falklands Confluence, the overlap index in this region
was higher for birds from Bird Island than from Prion Island,
consistent with the contrasting population declines. There are
no threats on land in South Georgia, and wandering albatrosses
are highly philopatric (Gauthier et al., 2010). As such, bycatch
in fisheries is the only plausible explanation for the population
decline (Pardo et al., 2017). Higher rates of overlap with fish-
ing activity in the southwest Atlantic during the breeding season
indicate that bycatch risk for wandering albatrosses is great-
est when adults are most constrained (Warwick-Evans et al.,
2020). Consequently, bycatch in fisheries of breeding birds most
likely contributes more than that of nonbreeding birds to the
declines.

Our study highlights variability in spatial distribution, and
consequently fisheries overlap, in relation to life-history stage
and breeding site, undetlining the importance of considering
these factors in seabird—fisheries risk assessments and when
making management decisions (Carneiro et al., 2020; Small
et al., 2013). By improving our knowledge of the spatial and
temporal overlap of seabirds with fisheries, mitigation require-
ments and monitoring of compliance can be targeted at relevant
fishing fleets to reduce the threat to these iconic and threatened
seabirds.
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