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Several bird species benefit from anthropogenic food subsidies, such as landfills and fish-
ing discards, that are being reduced owing to introduced legislation. For instance, since
2019, Europe has passed legislation to reduce dramatically the amount of fisheries dis-
cards through the Landing Obligation (LO), which states that all fish species under Total
Allowable Catch (TAC) should not be discarded at sea. This European discard ban is
expected to impact some gulls, as several gull populations have been observed to be
heavily reliant on this resource. In this work, GPS tracking data from adult Yellow-
legged Gulls Larus michahellis and Vessel Monitoring System (VMS) data (i.e. detailed
data of the spatial distribution of fishing vessels) are used to determine the utilization of
the marine habitat and the level of interaction of gulls with fishing activity offshore and
discards in the south-eastern part of the Bay of Biscay. We found that these gulls had a
low use of the marine habitat (ca. 15%) compared with terrestrial habitats, in contrast to
the ca. 40% of the diet of this population which comprises marine prey. Furthermore,
we detected that most of the gull tracking positions at sea did not interact with the fish-
ing vessels (an overlap of 21.5% between gulls and VMS data). Conversely, other gull
populations of the Iberian Peninsula were found to depend much more strongly on fish-
ing activity. Therefore, the Yellow-legged Gull population of the SE Bay of Biscay did
not obtain most of its fish prey from interactions with offshore fishing activity but most
possibly by taking fish remains in harbours and by feeding themselves. Consequently, we
expect a minimal effect of the European policies oriented to ban fishing discards offshore
on this population, which would be more affected by policies directed towards the
reduction of food availability in landfills or fish landing management in harbours.
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Food subsidies of anthropogenic origin, also known
as predictable anthropogenic food subsidies (PAFS;
Oro et al. 2013), are provided either in marine
(e.g. fishing discards) or terrestrial environments
(e.g. organic refuse available in landfills). These

*Corresponding author.
Email: nere.zorrozua@ehu.eus

food subsidies have direct implications at ecosys-
tem, community, animal population and individual
levels (Hidalgo-Mihart et al. 2004, Olea &
Baglione 2008, Weiser & Powell 2010, Oro
et al. 2013, Steigerwald et al. 2015, Gilbert
et al. 2016). Landfills, for instance, can have a
large impact on movement ecology and territory
use, trophic ecology, and demographic or
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toxicological aspects for several opportunistic spe-
cies, such as vultures, storks and gulls (Auman
et al. 2008, de la Casa-Resino et al. 2014, Arizaga
et al. 2017, Shaffer et al. 2017, Ackerman
et al. 2018, Arizaga et al. 2018, Plaza & Lamber-
tucci 2018, Langley et al. 2021). Dependence on
these PAFS can stimulate sedentary strategies or
decrease dispersal distances (Gilbert et al. 2016),
improve survival and reproduction, and, overall,
promote population growth (Duhem et al. 2008,
Weiser & Powell 2010). However, these effects
depend on the alternative resources available
within the foraging range. For example, in gulls, a
higher fish consumption has been related to a bet-
ter reproductive performance compared with a
diet focused on refuse (Annett & Pierotti 1999).
For marine PAFS, fishing discards are usually pro-
duced due to fishing quotas, low economic value
of target species and/or small sizes of individual
fish caught. Resources such as discards or waste
from fisheries have been also well documented to
modulate many life history aspects of scavenging
species. For instance, movements of fishing vessels
significantly affect some seabird foraging patterns
and habitat use (Bartumeus et al. 2010, Bodey
et al. 2014) and the exploitation of such fishing
discards can modify diet and breeding success
(Oro er al. 1996, Arcos & Oro 2002, Matos
et al. 2018). In the North Sea, seabird numbers of
those species which were supported by fishing dis-
cards declined by 39% after a reduction in discards
(Sherley et al. 2020).

Many gull species, particularly large gulls, have
a generalist feeding ecology and typically use a
broad range of habitats, from marine to terrestrial
(Arizaga et al. 2013, Washburn et al. 2013, Cor-
man et al. 2016, Isaksson et al. 2016, Shaffer
et al. 2017, Zorrozua et al. 2020a). However,
these generalist populations often conceal a broad
spectrum of individual strategies ranging from gen-
eralist to specialist foragers (Ceia & Ramos 2015,
Navarro et al. 2017, Maynard & Ronconi 2018).
Likewise, the trophic ecology can also vary season-
ally and between sex and age classes (Moreno
et al. 2010, Navarro et al. 2010, Ramos
et al. 2011, Alonso et al. 2015,
Camphuysen et al. 2015, Calado et al. 2020a,
Zorrozua et al. 2020a). The high availability of
PAFS, together with the increasing protection of
gulls since the end of the 20th century, has sup-
ported growth in the populations of several gull
species worldwide (Coulson 1963, Duhem

et al. 2008, Coulson & Coulson 2009). These
demographic changes may have undesirable eco-
logical or social consequences (Garcia et al. 2002,
Rock 2005, Calladine et al. 2006, Aratjo
et al. 2014), such as nuisance in cities.

In Europe, on 1 January 2015, the Landing
Obligation (LO) was put into force and began
with the prohibition of discarding certain fish spe-
cies, while in 2019 all species subject to TAC
(Total Allowable Catches; European Commis-
sion 2008) had to be kept on board and landed at
the port of destination. In the Bay of Biscay, appli-
cation of the new ban started on 1 January 2015
for small and large pelagic fisheries. These include
purse-seine fisheries, pelagic trawl fisheries and
fisheries that target the following species: Mackerel
Scomber scombrus, Herring Clupea harengus, Horse
Mackerel Trachurus spp., Blue Whiting Micromesi-
sitius poutassou, Boarfish Capros aper, Anchovy
Engraulis encrasicolus, Greater Argentine Argentina
silus, Sardine Sardina pilchardus and Sprat Sprattus
sprattus. On 1 January 2016, the ban was applied
to the fisheries of demersal species subject to
TAC, including the bottom trawl fisheries and
longline that operate in the Bay of Biscay with
Hake Merluccius merluccius as target species. In
2017, fisheries with a main species subject to TAC
were obliged to land the total catch corresponding
to that species. Finally, on 1 January 2019, this
was applied to all species subject to TAC. Horse
Mackerel, Mackerel, Blue Whiting, Boarfish, Hake,
Monkfish Lophius spp. and Megrim Lepidorhombus
spp. are among the species most discarded by the
trawl fleet operating in the Bay of Biscay (Rochet
et al. 2014).

Studies of the Yellow-legged Gull Larus micha-
hellis on the Iberian coast and the Mediterranean
region show that fish prey can constitute one of
the main feeding sources for some populations,
and high availability of fishing discards allows a
very fast population growth (Arizaga et al. 2009,
2011, Real et al. 2017, Calado et al. 2020b,
2021a). Thus, breeding success declines of up to
46% have been observed when these resources
dramatically = decrease or disappear (Oro
et al. 1995), as well as strong population declines
(Payo-Payo et al. 2015). Fish prey can be obtained
as subsidies either from vessels at sea or in har-
bours, where gulls also forage on eviscerated fish
remains (Martinez-Abrain et al. 2002, Whittington
et al. 2006, Cama et al. 2012, Alonso et al. 2015,
Karris et al. 2018).
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The Yellow-legged Gull is the most abundant
gull species in the Iberian Peninsula, with a popu-
lation of ca. 125 000 adult breeding pairs in
2007-2009 in Spain (Molina & Bermejo 2009).
The population increased significantly between the
1980s and 2000s (Olsen & Larson 2004), mainly
due to the large amount of food available from
human food subsidies, including fisheries waste
(Duhem et al. 2008, Arizaga et al. 2009). Within
the south-eastern Bay of Biscay, marine prey,
mostly fish presumably related to fishing activity
(Arizaga et al. 2013), comprise a large proportion
of the diet composition (ca. 40%; Zorrozua
et al. 2020a, see Supporting Information Fig. S1).
Previous studies carried out in the Bay of Biscay
found that large gulls were highly attracted to fish-
ing vessels (Depestele et al. 2016, Louzao
et al. 2020, Ruiz et al. 2021). These gulls, how-
ever, could comprise flocks of birds with several
different origins, as well as other species apart
from the Yellow-legged Gull.

Thus, it remains unknown whether the resident
Yellow-legged Gull population from the south-
eastern Bay of Biscay obtain fish prey from fishing
vessels within their foraging range, as reported in
other marine areas (Arcos et al. 2001,
Valeiras 2003), or from the activity at harbours
(e.g. fish remains, vessel cleaning). Using data from
GPS-tracked adult Yellow-legged Gulls from the
south-eastern Bay of Biscay, we aimed to quantify
the potential use of fishing discards by this popula-
tion and evaluate their dependence on this
resource. With that goal, we first described the
overall habitat use by two of the main colonies of
Yellow-legged Gull of the Bay of Biscay, exploring
sex and seasonal variation. Secondly, we assessed
the overlap between marine trips by gulls and the
presence of fishing vessels within the marine area
potentially exploitable by breeding adults. Thirdly,
we compiled information on the foraging ecology
of the gull population (testing for sex and seasonal
differences), fishing gear types and discards, in
order better to wunderstand the relationship
between the fishing activity and the movement
pattern and habitat use of this gull population and
to determine whether the gulls’ potential overlap
with fishing vessels could be related to the trophic
ecology of the population. Based on previous stud-
ies on the foraging ecology of this population (Ari-
zaga et al. 2013, Zorrozua et al. 2020a) and
seabird observations from fishing vessels in the Bay
of Biscay (Depestele et al 2016, Louzao
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et al. 2020, Ruiz et al. 2021), we expected a high
use of marine habitats with important interaction
with offshore fishing activity, in addition to a sig-
nificant impact of the discard ban on gulls’ forag-
ing ecology. Understanding the dependence of gull
populations of the Bay of Biscay on the marine
environment and fishing discards produced off-
shore will help us to determine the impact of
European policies on this population of Yellow-

legged Gulls.

METHODS

Fieldwork was carried out in two Yellow-legged
Gull colonies in Gipuzkoa (northern Iberian Penin-
sula): Getaria and Ulia (Fig. 1). Diet estimation
made for gulls of these colonies showed that ca.
40% of their prey was of marine origin (Fig. S1;
Zorrozua et al. 2020a). Getaria’s breeding popula-
tion is estimated at 165 adult breeding pairs (in
2017) and it has a positive growth rate (Arizaga
et al. 2014, Zorrozua et al. 2020b). Ulia’s popula-
tion comprises 660 breeding pairs (in 2017) and is
the largest colony in Gipuzkoa. Its population
trend remains unclear due to the lack of an ade-
quate long-term sampling protocol.

Overall, 22 adults were captured while incubat-
ing, using spring traps during the breeding period
of 2017 and 2018. In all, 18 individuals were cap-
tured in Ulia and four in Getaria; the distance
between the two colonies is ca. 20 km (Table S1).
Once caught, each individual bird was ringed with
both an official metallic ring (Aranzadi ringing
scheme) on one tarsus and a Darvic ring (can be
read from a distance) on the other tarsus. The first
inner primary feather (P1) was taken and was used
to sex the bird by DNA analysis at the University
of Navarra (Griffiths er al. 1998). Of the 22 birds
captured, 11 were males and 11 females
(Table S1). A GPS device (model: Wimbi SF;
manufacturer: Wimbitek) was attached in the
mantle region of each individual with a hand-
made Teflon body harness. The study period com-
prised the time between GPS deployments (from
mid-May to June) up to 31 August (Table S1).
This period was subdivided into three phenological
units: (1) breeding period (BP), from deployment
to 30 June; (2) transition period (TP), July; and
(3) post-breeding period (PP), August. The BP
comprises a season where adult birds are in the
colony (incubation, parental care to chicks). The
TP is a month where some adult birds are still in
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Figure 1. Foraging patterns of Yellow-legged Gulls breeding in the SE Bay of Biscay. The 95% (light grey) and 50% (dark grey) ker-
nel density estimates (without considering positions in the colony) estimated from the GPS tracking data are shown. The black dots
represent the location of the two breeding colonies, Getaria and Ulia. The main fishing harbours and landfills of the area are also

indicated (white dots and white stars, respectively).

the colony but others may have started to leave
the colony as their offspring fledge. Finally, the PP
is a season when breeding has finished and when
all adults are not conditioned by chick-rearing, no
longer being constrained to return to the colony
regularly. The devices were equipped with a solar
panel and reported the position of the gull at least
every 30 min (66% of the positions were reported
at least every 30 min and 81% of the positions at
least every hour). The proportion of the positions
reported at least every 30 min (breeding 63%,
transition 67%, post-breeding 66%) and every hour
(breeding 80%, transition 80%, post-breeding
82%) were very similar among periods. The mass
of the device and the harness was ca. 25 g (2.8%
of gulls’ average weight; Table S1), whereas the
mass of the Darvic and metal rings was negligible
(<< 1% of the bird mass).

Analysis of bird tracks

As gulls usually make short movements near to
the colony, we defined a virtual radius of 500 m
from the colonies to determine when a bird was
inside (< 500 m) and outside (> 500 m) the col-
ony. This distance has already been used in previ-
ous research on habitat use (Fuirst er al. 2018,
Romero et al. 2019). The same was applied to the
existing landfills and harbours, which are known to
be used by gulls of our two colonies (Egunez
et al. 2018): any location within 500 m of a land-
fill site and a harbour was counted as present at
them. Apart from this, we used the Corine Land
Cover (CLC 2012; https://land.copernicus.eu/pan-
european/corine-land-cover/clc-2012) in  QGIS
(QGIS Development Team 2009) to determine
the land use of all the GPS locations. Overall,
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taking into account the highest habitat use by
gulls, we considered seven ‘habitat’ types: colony,
landfill, fishing harbour, marine (Sea), pastures
(non-irrigated arable land; pastures; complex culti-
vation; land principally occupied by agriculture,
with significant areas of natural vegetation; natural
grassland; moors and heathland), urban (continu-
ous urban fabric; discontinuous wurban fabric;
industrial or commercial units; road and rail net-
works; airports; mineral extraction sites; construc-
tion sites; green urban areas; sport and leisure
facilities) and ‘other’. The category ‘other’ consti-
tuted less than 10% of all the obtained GPS
locations.

GPS data were segmented in foraging trips
using a spreadsheet. Each trip was defined as the
locations of a particular bird from the time it left
the colony, up to the time it returned, considering
the first and the last positions of each trip to be
placed within the 500-m buffer around the colony.
For each trip, we determined whether it com-
prised (1) only marine (only habitat at the ‘open’
sea was included here), terrestrial or mixed habitat
types (terrestrial habitats comprised all non-purely
marine habitats, including urban areas, meadows,
landfills and others, but also fishing harbours were
considered as terrestrial locations, as we wanted to
separate the use of the open sea from the exploita-
tion of fishing discards at harbours); (2) total dis-
tance travelled during a trip (km); (3) maximum
distance reached from the colony (km) and (4) the
total duration of the trip (h). The total distance
was assessed as the sum of the linear segments
existing between successive temporal GPS
locations.

To determine the exploited areas by gulls, we
calculated the Utilization Distribution (UD) using
fixed Kernel polygons (KDEs) calculated with the
‘href’ reference bandwidth of the ‘adehabitatHR’
package (Calenge 2006) in R 3.5.1 (R Develop-
ment Core Team 2011). The 50% KDEs (km?)
were used to estimate core foraging areas, and the
95% KDEs (km?) to estimate overall home-ranges
(Avalos et al. 2017, Schirmer et al. 2019). Both
50% and 95% KDEs were determined for each
individual bird and period (BP, TP, PP). Addition-
ally, as we were particularly interested in the
marine habitat use, the proportion of the 95%
KDE consisting of marine habitat was calculated
using the QGIS Geographical Information System
(QGIS Development Team 2009).
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Analysis of fishing vessel tracks

To test for the possible overlap between fishing
activity and gull at-sea movement, Vessel Moni-
toring System (VMS) data were used. As VMS
data were available with a maximum frequency
of 2 h (i.e. a vessel location at least every 2 h),
we re-calculated (interpolated) the position of
each vessel for a new time-framework based on
every 10-min position. A linear interpolation
method was used with the assumption that the
vessel followed a linear trajectory between each
pair of known positions. Fishing vessel trajecto-
ries were obtained from VMS data collected by
the Spanish Secretary of Fisheries for the Span-
ish vessels operating within the study area during
2017-2018. VMS data reported the vessel posi-
tion, identifier, velocity, heading, date and time
for vessels over 12m in length (Fernandes
et al. 2019). The use of VMS is not mandatory
for vessels between 12 and 15 m in length,
which make up only a small proportion of fish-
ing vessels, when they only fish in national
waters or the fishing trips are shorter than 24 h
(EC No. 1224/2009). VMS data usually contain
erroneous registers due to malfunctions that need
to be removed (“VMStools’ R package; Hintzen
et al. 2012). These common errors are incom-
plete or duplicated registers, headings outside a
compass range, points on land or unlikely speed
(> 20 knots). Furthermore, the pseudo-duplicated
records (i.e. entries with a time interval between
pings < 5 min) were removed. This data proces-
sing allowed us to identify the temporal and spa-
tial presence of Spanish fishing vessels within the
study area. Then, for each gull position at sea
that was from marine trips that went further
than 1 km from the colony, we defined a spatial
grid of 5 x 5 km (the centroid was the gull
position; Sommerfeld et al. 2016), and then
checked whether, within a temporal window of
+ 1 h, there was any vessel within that cell.
Using this approach, we were able to model the
presence/absence of fishing vessels for each gull
GPS location.

For the positions where gulls and vessels over-
lapped, we analysed the fishing gear to evaluate
the relative importance of each fishing gear in the
trophic and spatial ecology of the gulls. The fishing
gears considered in this study were trawlers (TB),
purse seiners (PS), surface longline (LLD), bottom
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longline (LLS), live bait (LHP), minor arts (MIS),
trollers (LTL), machined vertical lines (LHM) and
gillnets (GNS).

Fishing discards data

To better understand the relationship between
foraging ecology and fishing discards, we gath-
ered information on rates of fish discarded by
the Basque fleets in the years 2017 and 2018 in
the Bay of Biscay. These data come from routine
sampling carried out for the collection of fishery
data (Data Collection Framework Council Regu-
lation (EC) No. 199/2008, and Regulation (EU)
2017/1004), funded in part by the Basque Gov-
ernment through the ‘Acuerdo Marco’. The Bas-
que fleets with a higher discard rate (i.e.
trawling fleet, cod and freezer tuna vessels) have
traditionally been the target of this monitoring
programme carried out by AZTI (a Basque non-
for-profit research institution). More recently,
discards from purse-seine fishery targeting small
pelagic species and small-scale fisheries have
been also monitored. As a consequence, the
trawl fleet has been the one within the region
with the longest and most representative histori-
cal data set and is also the one accounting for
the majority of discards. Therefore, the trawl
fleet has been considered in this work as the
one best representing the amount and yearly var-
iation of fishing discards produced in the south-
eastern part of the Bay of Biscay. The
methodology for the data collection follows the
standards established in the different ICES work-
ing groups in which AZTI has participated annu-
ally since samplings began and that are adapted
to the particularities of each fleet.

Stomach content data

To have a better understanding of the trophic
ecology of the investigated Yellow-Legged Gull
population we compiled data available from
analyses of regurgitations (data taken from Ari-
zaga et al. 2013; J. Arizaga pers. comm.). How-
ever, these regurgitations collected in Ulia,
Getaria and a third colony not studied here
(Santa Clara) were from different chick individ-
uals and years to those from which the tracking
data were obtained, giving only a general indica-
tion of the diet of the studied colonies/
populations.

Statistical analyses

In this work we combined data from the two colo-
nies and considered all the positions, such as flight,
foraging or resting. However, colony data were
excluded from the analyses (i.e. locations within
500 m from the colony), as these could potentially
mask the use of other habitat types and foraging
patterns outside the colony. First, chi-square tests
were conducted to compare habitat use among
periods and between sexes. To analyse the possible
effect of period and sex on habitat use based on
Kernel polygons, trip duration and travel distance,
we conducted separate General Linear Mixed
Models (GLMMs) on the log-transformed 50%
KDE in km?, log-transformed 95% KDE propor-
tion of marine area in km?, log-transformed trip
duration, total distance travelled per trip or maxi-
mum distance reached per trip as the response var-
iable with period, sex and year as fixed factors,
with a linear-link function with Gaussian (normal)
distribution errors. The period-sex interaction was
also included, and individual was added as a ran-
dom factor. For trip duration and travel distance
we also included trip type (marine/terrestrial/
mixed) with its interaction with period and sex.

To test for the existence of a spatio-temporal
overlap between the fishing vessels and the gulls at
sea we conducted a GLMM on this overlap (yes/
no) as a binary response variable with a logit-link
function with binomial error distribution, and year,
period, sex and distance to colony as explanatory
variables, and individual and foraging trip identity
nested within individual identity as random
factors.

For all models, all the possible factor combina-
tions starting from the full (saturated) model were
run and then ranked based on Akaike Information
Criterion values corrected for small sample size
(AICc; Akaike 2011). Models differing by less than
2 AlCc values were considered to fit the data
equally well (Akaike 2011) and were averaged to
obtain ‘averaged’ parameter estimates. The
‘dredge’ and ‘model.avg’ functions from the
‘MuMIn’ package (Barton 2018) were used for this
purpose. All statistical analyses were conducted in
R 3.5.1 (R Development Core Team 2011).

RESULTS

We obtained a total of 45 217 locations, of which
42% corresponded to the breeding period, 36% to

© 2023 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.

85US017 SUOLILLIOD BAITEa1D 3|qed!jdde auy Aq pausenob afe 9P VO ‘88N JOSa|NI o Axeiq1T 8U1IUO A1 U (SUORIPUOO-PUR-SLLLBHWD" A3 | 1M Afe.q1)BU1|UO//SANY) SUORIPUOD PUe Swiis | 841 35S *[£202/50/50] Uo ArigiTauliuo AB|iIM ‘(-ouleAnde) agnopesy Aq Lgz€T IAl/TTTT OT/I0p/wod A8 | M Ariq1jeuljuo//Sdny Woly papeojumoq ‘0 ‘X6T6v.yT



the transition period and 22% to the post-breeding
period. Regarding habitat use, less than 10% of all
the GPS locations of tracked gulls were in the
marine environment and gulls spent more time in
the colony during breeding than during transition
and post-breeding periods (ca. 50% more in the
breeding period than the post-breeding period;
Supporting Information Table S2). When remov-
ing colony data which might mask other poten-
tially interesting differences in habitat use, the
importance of marine habitats for foraging gulls
was revealed. For instance, marine habitat was the
most important (ca. 30%) habitat for breeding
males (Fig. 2). This use, however, varied among
periods (yx*=388.0, df=2, P<0.001) and
between sex classes (x*=1064, df=1,
P <0.001). The proportion of locations around
landfills and urban areas was higher in the post-
breeding period than in the other two periods
(Fig. 2), and males spent more time at sea com-
pared with females (in the breeding period the dif-
ference was ca. 20%), whereas females used

Marine dependence of opportunistic species 7

landfills more (up to ca. 50% more than males in
the breeding period) (Fig. 2).

We calculated a mean core range of 236 km?
across individuals, which remained relatively simi-
lar between periods (Tables 1 and 2; see Support-
ing Information Table S3 for averaged models and
Table S4 for model values for the Ulia colony
only). The mean home-range area was 1392 km?
and the mean proportion of marine habitat within
that area was 34.8% (Table 1), proportions that
varied seasonally (Tables 2 and S3). Gulls in this
study were found to use a higher proportion of
marine habitat during the breeding period than in
the two subsequent phenological periods (ca. 30%
more, Table 1). Gulls made trips with a total
mean distance of 19.2 km; the maximum distance
reached in the trips was on average 8.5 km from
the colony and overall trips were found to last
4.4 h (Table 1). Distances and duration varied sig-
nificantly in relation to several factors — distances:
period, type of trip, sex and year, including some
interactions; duration: period, type of trip and sex;

Breeding Transition Post-breeding
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Figure 2. Habitat use by GPS-tracked adult Yellow-legged Gulls in three different study periods: breeding (up to the end of June),
transition (July) and post-breeding (August). Positions in the colony have been removed.
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8 N. Zorrozua et al.

Table 1. Summary table showing estimated mean and 95% ClI values for core range area (50% kernel) (CORE), home-range area
(95% kernel) (HOME), proportion of marine habitat within home-range area (PMAR), total distance of trip (TDIS), maximum distance
of trip (MDIS) and trip duration (TDUR). Values are indicated for different periods, colonies and sexes.

CORE (km?) HOME (km?) PMAR (%) TDIS (km) MDIS (km) TDUR (h)
Overall 2357 (182.5-304.4) 1391.7 (1121.2-1727.3) 34.8 (31.6-38.2) 19.2 (18.2-20.2) 8.5(8.0-8.9) 4.4 (4.2-4.6)
Breeding 267.4 (205.9-347.3) 1565.2 (1305.1-1877.1) 44.1 (37.8-51.4) 17.7 (16.4-19.0) 7.9 (74-85) 3.7 (3.5-4.0)
Transition 227.4 (148.6-347-9) 1325.9 (911.1-1929.4) 30.4 (26.4-34-9) 19.7 (18.1-21.4) 8.7 (8.0-9.5) 4.3 (4.0-4.7)
Post-breeding 208.9 (100.6-433.7) 1265.4 (677.4-2363.6) 30.0 (25.6-35.2) 24.6 (21.0-28.9) 10.1 (8.7-11-7) 8.2 (7.2-9.4)
Male 276.8 (187.9-407.7) 1594.4 (1129.0-2251.6) 38.6 (34.6-42.9) 17.7 (16.6-18.9) 7.8 (2.3-8.3) 3.9 (3.7-4.1)
Female 192.2 (139.5-265.0) 1171.0 (929.7-1475.0)  30.5 (26.0-35.8) 21.7 (20.0-23.6) 9.6 (8.9-10.4) 5.2 (4.8-5.5)

Tables 2 and S3. Thus, travelled distances and
duration were longer in the post-breeding period
for terrestrial and mixed trips, but not marine
trips, where the birds travelled longer distances in
the breeding period (Table 2, Supporting Informa-
tion Table S3 and Fig. S2). Females made longer
trips and distances than males in the post-breeding
period and when the trip was terrestrial (Tables 2
and S3, Fig. S2). Individuals from Getaria made a
higher proportion of trips to the sea (ca. 35% vs.
250, Table SI; y2=87.2, df=1, P<0.001).
Males were found to make proportionally more
marine trips than females (x* =114, df=1,
P < 0.001; Table S1).

All except one individual showed at least one
marine trip, but the spatio-temporal overlap
between vessels and gulls was observed to vary
between individuals from 0% to 52% (Table 3).
The averaged model was based on seven models
that fitted the data equally well (Tables 2 and S3),
revealing a higher overlap with an increasing dis-
tance from colonies, and in the breeding period as
compared with the transition period (Tables 2 and
S3). Additionally, females were found to overlap
more with fishing vessels than were males (Tables 2
and S3). When gull positions overlapped with fish-
ing vessels, gulls were found to follow mainly
purse seiners and trawlers (Table 4).

Regarding the fish species found in regurgita-
tions from previous years (n= 70, Arizaga
et al. 2011), only genus, family or order of the
items were identified: Belonidae, Clupeidae, Gadi-
formes Merluccius sp., Carangidae, Sparidae Boops
sp., Trachinidae, Mullidae Mullus sp. With respect
to fishing discards, the main families discarded
were Gadidae and Carangidae: in the years 2017
and 2018 on average 56% of the discards were of
the family Gadidae, 42% Carangidae, 1%

Clupeidae and 1% Trachinidae. Among the Gadi-
formes the majority were Hake, while for the Car-
angidae they were Horse Mackerel. Therefore, the
species with highest discard rates were also
observed in the gulls’ diet.

DISCUSSION

In this work we have described the habitat use of
the Yellow-legged Gull population in the south-
eastern Bay of Biscay and we have analysed the
overlap between gulls and fishing vessels. We
found that habitat use varied among periods and
sexes, males in the breeding period being those
that used more the marine habitat. Moreover,
females’ positions overlapped more with fishing
vessels compared with males, and gulls followed
mainly purse seiners and trawlers.

Using data on GPS-tracked adult Yellow-legged
Gulls, we detected a relatively small use of the
marine habitat compared to other habitat types,
including landfills, urban areas and meadows.
Although it varied with period and sex, on aver-
age, 19% of the foraging trips were marine (range:
0% to ca. 50%) in the SE Bay of Biscay colonies,
in contrast with other Yellow-legged Gull popula-
tions such as Portuguese (in the breeding period
ranging between ca. 60% to nearly 100%; Mendes
et al. 2018). Such differences between populations
presumably represent the high adaptability of this
species to exploit locally abundant resources
(Ramos et al. 2009, Romero et al. 2019). Interest-
ingly, our Yellow-legged Gull population showed a
relatively high use of marine prey (roughly 40% of
adults’ diet; Fig. S1; Zorrozua et al. 2020a), a con-
siderable percentage taking into account their low
proportion of marine trips. When looking at the
habitat use results, we obtained a relatively higher
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Marine dependence of opportunistic species 9

Table 2. Ranking of the best GLMMs (AAICc < 2), together with the global and null models, according to their small-sample size-

corrected Akaike Information Criterion (AICc) values.

Models AlCc AAICc df Dev I
Kernel 50
1. Null 164.5 0.00 3 158.1 0.099
2. Sex 165.7 1.21 4 157.0 0.116
3. Year 166.8 2.29 4 158.1 0.100
4. Sex + year 168.1 3.54 5 156.9 0.117
5. Period 168.3 3.78 5 157.2 0.113
Global: period + sex + year + period x sex 176.9 12.4 9 155.2 0.142
Marine proportion in kernel 95
1. Period + sex 14.2 0.00 6 0.6 0.548
2. Period 16.8 2.58 5 5.7 0.507
3. Period + sex + year 16.8 2.58 7 0.6 0.548
4. Period + sex + period x sex 18.4 4.20 8 -0.4 0.556
5. Period + year 19.2 5.00 6 5.6 0.508
Global: period + sex + year + period x sex 21.2 7.0 9 -0.4 0.556
Null 48.9 34.7 3 42.5 0.081
Cumulative distance
1. Global: trip + period + sex + year + trip x period + trip x 7296.6 0.00 17 7262 0.334
sex + period x sex
2. Trip + period + sex + year + trip x period + period x sex 7297.5 0.88 15 7267 0.332
3. Trip + period + year + trip x period 7298.3 1.67 12 7274 0.330
4. Trip + period + sex + year + trip x period + trip x sex 7299.4 2.73 15 7269 0.332
5. Trip + period + sex + year + trip x period 7299.8 3.17 13 7274 0.331
Null 7986.8 690.16 3 7981 0.105
Maximum distance
1. Global: trip + period + sex + year + trip x period + trip x 7166.3 0.00 17 7132 0.314
sex + period x sex
2. Trip + period + sex + year + trip x period + period x sex 7168.2 1.92 15 7138 0.312
3. Trip + period + year + trip x period 7170.9 4.64 12 7147 0.310
4. Trip + period + sex + year + trip x period + trip x sex 7171.0 4.72 15 7141 0.312
5. Trip + period + sex + year + trip x period 7172.5 6.19 13 7146 0.310
Null 7757.3 591.07 3 7751 0.116
Trip duration
1. Trip + period + sex + trip x period + trip x sex + period x sex 6312.9 0.00 16 6281 0.380
2. Trip + period + sex + trip x period + trip x sex 6313.2 0.31 14 6285 0.379
3. Global: trip + period + sex + year + trip x period + trip x 6314.9 2.01 17 6281 0.380
sex + period x sex
4. Trip + period + sex + year + trip x period + trip x sex 6315.2 2.32 15 6285 0.379
5. Trip + period + sex + trip x period + period x sex 6320.4 7.50 14 6292 0.377
Null 7133.7 820.82 3 7128 0.122
Overlap vessels — gulls
1. Dist.colony + sex 942.4 0.00 5 421.8 0.283
2. Dist.colony 942.6 0.27 4 420.9 0.282
3. Dist.colony + sex + year 942.8 0.45 6 422.4 0.284
4. Dist.colony + period 943.6 1.25 6 421.2 0.284
5. Dist.colony + year 943.8 1.41 5 421.4 0.283
6. Dist.colony + period + sex 943.8 1.41 7 424.0 0.285
7. Global: Dist.colony + period + sex + year 943.9 1.59 8 424.9 0.286
Null 1129.5 187.20 3 543.7 0.163

AlCc, small sample size-corrected Akaike values; AAICc, difference in AlCc values in relation to the first model; df, degrees of free-
dom; Dev, deviance; /2, likelihood-ratio based R?. The global model included all the possible factors and the null one corresponds to

a constant model.

number of locations at sea than in harbours, which
might be tentatively linked to a higher consump-
tion of fishing discards offshore. Furthermore, note

that the use of harbours was defined with a 500 m
buffer, so some gulls could have foraged out at sea
or urban environment adjacent to the harbour
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10 N. Zorrozua et al.

Table 3. Percentage of gulls positions in marine habitat that
overlap with vessels’ position in a spatio-temporal window of
5 x 5 km and £ 1 h through the breeding cycle.

Overlap (%)

Individual Breeding Transition Post-breeding  Overall

17-02 33.33 16.00 12.00 23.16
17-06 0.00 - - 0.00
17-08 No marine trips

17-09 0.00 0.00 - 0.00
17-11 11.76 0.00 0.00 5.56
17-12 26.67 - - 26.67
17-13 16.22 5.67 0.00 12.29
17-14 35.29 13.64 25.00 23.73
17-15 23.91 0.00 - 23.16
18-01 36.13 0.00 - 35.90
18-03 39.29 0.00 - 31.43
18-04 20.00 0.00 0.00 12.50
18-06 40.43 0.00 100.00 36.36
18-07 59.10 0.00 - 52.00
18-08 33.33 - - 33.33
18-09 12.82 0.00 0.00 10.00
18-10 33.33 0.00 - 27.78
18-11 25.00 - - 25.00
18-12 39.10 26.23 0.00 32.78
18-13 22.22 0.00 0.00 18.18
18-14 - 0.00 - 0.00
18-16 0.00 - - 0.00

proper, overestimating the use of harbours. How-
ever, it remains unknown in which habitat types
(offshore vs. harbours) gulls might be more effi-
cient at foraging (in terms of food intake rate by
foraging time invested in a habitat). Therefore, we
cannot make a direct link between habitat use and
the contribution of a given type of prey in the
diet.

This is the first study aiming to test the spatial
overlap between the fishing activity and the forag-
ing patterns of a resident, breeding seabird species
within the Bay of Biscay. In contrast to other gull
populations from the Mediterranean or oceanic
islands (Arcos et al. 2001, Martinez-Abrain
et al. 2002, Louzao et al. 2011, Bécares
et al. 2015, Romero et al. 2019), that have shown
a relatively high overlap with vessels, the Yellow-
legged Gull breeding in the SE Bay of Biscay
showed a low spatial overlap with fishing vessels.
However, the methodologies used in other studies
were different (e.g. visual census), and thus the
comparisons are not always easy. For instance,
Romero et al. (2019) used a 500 m radius from a
fishing vessel to state a positive overlap with a gull,

obtaining high interaction, while in our work the
spatial window used was larger and yet the overlap
was less. This suggests that the population breed-
ing in the SE Bay of Biscay does not depend
strongly on scavenging for discards at sea, and
hence they would obtain the fish they eat either
by active fishing at sea or by exploiting the dis-
cards and eviscerates at harbours (N. Zorrozua
pers. obs.). Energetic and nutritional quality of
fishing discards at sea (probably whole fish) could
also be different to that of the discards in harbours
(proportionally more eviscerates). Therefore, it
would be interesting to address this aspect in the
future to evaluate the relative importance and
trade-offs of alternative feeding resources.

It could be argued that the overlap analyses
could be modified by changing the spatial grid
(5 x 5 km) and the temporal window (£ 1 h)
used, as well as the recording frequency of the
GPS (30 min). As far as a larger grid and temporal
window are used, a higher overlap should be
expected, but it would probably be misleading and
overestimated (Amoroso et al. 2018). Overall,
therefore, we consider that our approach was a
good compromise because it covered reasonably
wide geographic/temporal ranges (but see
Sugishita et al. 2015). In this framework, overall,
the percentage of marine trips was small, although
we note the high variability among individual birds
(range: 0% to ca. 50%). Furthermore, the relatively
low overlap between vessels and gulls during
spring/summer may suggest that European fishery
policies would probably have a negligible effect on
the Yellow-legged Gull population of the south-
eastern Bay of Biscay during the breeding season,
although the foraging efficiency by gulls at vessels
should be studied. Additionally, this issue should
be further studied for the autumn/winter period
which could not be covered with the gulls’ GPS-
tracking data.

We also detected a differential use of the habi-
tat between the sexes: males spent more time in
the colony and foraged more at sea compared to
females, which was also previously observed for
this population (Zorrozua et al. 2020c). Previous
studies on the trophic ecology of Basque Yellow-
legged Gulls did not show sex-related differences
in the diet (Zorrozua et al. 2020a). However, this
study suggested a certain degree of spatial segrega-
tion between sexes in their foraging range. While
males spent more time at sea, females showed a
higher overlap with fishing vessels than males. In
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Table 4. Proportion of different fishing gears in the positions where gulls overlapped with vessels, by individuals and periods.

Overlap (%) per gear

Individual Period B LLD LLS LHP PS MIS LTL LHM GNS NOGEAR
17-02 Breed 20.0 0.0 0.0 0.0 93.3 0.0 0.0 0.0 0.0 33.3
Trans 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0
Post 33.3 0.0 0.0 0.0 33.3 33.3 0.0 0.0 0.0 0.0
17-11 Breed 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17-12 Breed 75.0 0.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 125
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17-13 Breed 40.0 10.0 0.0 0.0 46.7 0.0 0.0 0.0 0.0 6.7
Trans 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17-14 Breed 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0
Trans 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0
17-15 Breed 40.9 0.0 0.0 0.0 59.1 0.0 0.0 0.0 0.0 18.2
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-01 Breed 89.3 1.8 0.0 0.0 8.9 0.0 1.8 0.0 0.0 0.0
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-03 Breed 81.8 0.0 0.0 9.1 0.0 0.0 0.0 0.0 0.0 9.1
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-04 Breed 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-06 Breed 84.2 0.0 0.0 0.0 10.5 0.0 0.0 5.3 0.0 10.5
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0
18-07 Breed 92.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.7 0.0
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-08 Breed 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-09 Breed 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-10 Breed 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-11 Breed 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-12 Breed 83.7 0.0 0.0 2.3 14.0 0.0 0.0 0.0 0.0 9.3
Trans 81.3 0.0 0.0 18.8 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-13 Breed 100.0 0.0 0.0 0.0 0.0 0.0 50.0 0.0 0.0 0.0
Trans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Post 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

The sum of the percentages of the different fishing gears can be >100%, as in some cases gulls overlapped at the same time with more
than one fishing vessel. Fishing gear codes: TB, trawler; LLD, surface longline; LLS, bottom longline; LHP, live bait; PS, purse seiners;
MIS, minor arts; LTL, hunt or trolley; LHM, machined vertical lines; GNS, gillnets; NOGEAR, no data for gear identification. Breed: Breeding
period; Trans: Transition period; Post: Post-breeding period. Individuals with no overlap with fishing vessels are not shown in the table.
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contrast, other populations of Yellow-legged Gulls
located on the western Iberian coast showed sexual
segregation in their trophic ecology: males foraged
more in association with fisheries (Calado
et al. 2020a). The authors of that study proposed
that sexual size dimorphism plays an important
role in this segregation, although the same sexual
size dimorphism is also present in our population
but did not seem to have the same effect. A
higher use of marine habitat and fisheries discards
by males has also been reported in other gull spe-
cies (Camphuysen et al. 2015, Baert et al. 2021).
In contrast to to this result, evidence from other
seabird species shows that sexual segregation in
foraging patterns is common with females often
making longer foraging trips than males (Cleasby
et al. 2015, Paiva et al. 2017, Kazama et al. 2018,
but see Pinet et al. 2012). Due to the long interval
between fixes in our data set, a possible bias in the
results cannot be rejected. For instance, short for-
aging trips might be missed and then the duration
and distance of the tracks may have been overesti-
mated, although the bias might also go in the
opposite direction, with potentially more frequent
gaps in GPS positions at longer trips, reducing the
duration and maximum distances of these trips.
Regardless, we consider that these gaps should
have a marginal, negligible impact on the direction
and magnitude of the effect of the independent
variables on our response variable. The proportion
of gaps in the data set were similar between years
(2017: 85%; 2018: 95%), sexes (females: 94%;
males: 89%) and periods (breeding: 91%; transi-
tion, 90%; post-breeding: 95%), so the effect of
period for instance on trip duration or distance
should be detected independently of the potential
influence of gaps on the estimation of this duration
or distance.

We observed that habitat use varied seasonally.
Gulls spent more time in the colony when they
were breeding, as observed in other studies espe-
cially for females (e.g. Baert et al. 2021), and
increasing their presence in the landfills and urban
areas after this period. This change could be linked
to the end of the breeding duties (e.g. incubation,
chick attendance; Gaston 2004) at the end of the
breeding period. Then, gulls do not need to invest
more time in the colony, and they can exploit
feeding sources over a wider geographical range
(Ackerman et al. 2018), as revealed by the higher
home-range area used in the post-breeding period
of this study. In addition, we detected a higher use

of the marine habitat during the breeding period
and a higher overlap with fishing vessels. This
could be partly due to the fact that purse seiners
and trawlers have a higher activity in May and
June compared to July and August. Marine prey
may favour faster chick growth (Annett & Pier-
otti 1999), although differences in trophic ecology
between adults and chicks have not been observed
previously in the studied colonies (Zorrozua
et al. 2020a).

Purse seiners’ target species are mostly from the
families Engraulidae and Carangidae, whereas
trawlers’ target species belong to the Gadidae and
Merlucciidae. However, main discarded species
(mainly from trawlers) are from the families Gadi-
dae and Carangidae. These were two of the main
fish families also found in gulls’ regurgitations,
which could be related to the higher attendance of
gulls to these vessels. Trawlers are the vessels that
produce more amount of fishing discards, so it
may be more worthwhile for gulls to attend these
vessels. However, we cannot reject the possibility
that it is the quality of the discarded species rather
than the quantity of the discard that attracts the
gulls, although this issue should be further studied.
Furthermore, we should keep in mind that we do
not have GPS data from all the vessels (e.g. smal-
lest ones), and it would be interesting to obtain
more detailed information for these fleets, which
are widely distributed along all of the coast.
Regardless, the amount of vessel discards is very
small (less than 2%, M. Basterretxea pers. comm.)
in comparison with the rest of the vessels. In Por-
tuguese coastal waters, purse seiners had the high-
est seabird-fishery interactions (Calado
et al. 2021b). Oceanographic conditions and
chicks’ dietary requirements have also been sug-
gested as factors influencing seasonal patterns of
habitat use (Thaxter et al. 2015). However, previ-
ous studies carried out in the area revealed a
higher consumption of marine prey in winter than
in spring/summer (Zorrozua et al. 2020a); more-
over, the percentage of fish in the diet did not vary
between chicks and adults (Arizaga et al. 2013,
Zorrozua et al. 2020a), unlike in other popula-
tions, where chicks are fed with a different propor-
tion of fish compared with adults (Alonso
et al. 2015, Pais de Faria et al. 2021). Therefore,
we have no evidence supporting that a higher use
of the marine habitat during the breeding may be
associated with a higher consumption of marine
prey in this period. Perhaps the need to feed
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themselves and their chicks may force adults to
invest more time in the sea as compared with
other seasons, which would be in accordance with
studies that found higher fishery interactions dur-
ing spring for Yellow-legged Gulls (Calado
et al. 2021b); this is a question that would need
further investigation. Furthermore, in the breeding
period, marine trips were the shortest, which
could suggest that parents may minimize time
away from the nest in order to ensure more effec-
tive brood guarding. Moreover, previous studies
have found that seabirds consume more discards
offshore in winter (Depestele et al. 2016). It
would therefore be interesting to study the overlap
of this population with fishing activity in that
season.

In conclusion, we found that a Yellow-legged
Gull population breeding in the SE Bay of Biscay
showed little spatial overlap with fishing vessels,
possibly suggesting a relatively low dependence on
fishing discards produced offshore, although poten-
tial high foraging efficiency by gulls at vessels
should be studied. Specifically, gulls were found to
follow mainly trawlers and purse seiners. Our
study suggests that the impact of reducing fishing
discards will have a negligible impact on this pop-
ulation during summer, which would probably be
more affected by management actions focused on
other food subsidies such as landfills. However,
the impact of different prey on reproductive out-
put should be taken into account, as fish has been
described as high-quality food for chicks and thus
a small change in the proportion of high-quality
prey can still have a large effect on the population.
An open question would be whether Yellow-
legged Gulls exploit fish remains in harbours and
the impact of future environmental management
policies of treating fisheries remains on gulls.
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SUPPORTING INFORMATION

Additional supporting information may be found
online in the Supporting Information section at
the end of the article.

Fig. S1 Diet estimation (95%, 75% and 50%
credible intervals) showing the contribution of dif-
ferent sources to the diet of adult Yellow-legged
Gulls in 2016 in Getaria and Ulia (modified from
Zorrozua et al. 2020a).

Fig. S2 Boxplots representing the total and the
maximum distance, as well as the trip duration in
relation to period and habitats. Mixed trips are
those in which some GPS locations were observed
in the sea and others on the mainland (terrestrial)
habitats.

Fig. S3 Examples of gulls’ marine trips and ves-
sels’ positions in the same temporal window
(£ 1h).

Table S1 Information on different individuals
tagged with a GPS: Id (Individual), Year, Colony,
Sex, First data, Last data (maximum 31 August),
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N (Number of positions), % Mar (% Marine trips),
% Ter (% Terrestrial trips) and % Mix (% Mixed
trips). Additionally, estimated mean and 95% CI
values for total distance of the trips (TDIS), maxi-
mum distance (MDIS) of trips and trip duration
(TDUR) are indicated.

Table S2 Information on habitat use of different
individuals tagged with a GPS: Id (Individual),
Year, Sex, % Col (% Colony), % Mea (%
Meadow), % Lan (% Landfill), % Mar (% Marine),
% Por (% Port), % Urb (% Urban), % Oth (%
Others).

Table S3 Beta-parameter estimates and 95%
confidence intervals of the best GLMM (averaged
models; see Table 2 for more details) predicting
effects of several external factors on the territory
use of adult Yellow-legged Gulls. Reference beta-
parameter values (beta = 0): Period—Breeding,
Sex—Female, Trip—Marine, Year—2017. K50—
kernel 50, K95mar—marine proportion of the ker-
nel 95, TDIS—total distance, MDIS—maximum
distance, TDUR—trip duration, OVER—overlap
between vessels and gulls.

Table S4 Beta-parameter estimates and 95%
confidence intervals of the best GLMM (averaged
models) predicting effects of several external fac-
tors on the territory use of adult Yellow-legged
Gulls from the colony of Ulia. Reference beta-
parameter values (beta = 0): Period—breeding,
Sex—female, Trip—marine, Year—2017. K50—
kernel 50, K95mar—marine proportion of the ker-
nel 95, TDIS—total distance, MDIS—maximum
distance, TDUR—trip duration, OVER—overlap
between vessels and gulls.
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