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successful species have benefited from these human-altered 
environments (McKinney and Lockwood 1999). Gulls are 
examples of wildlife capable of thriving in anthropogenic 
environments, including urban ecosystems, where they have 
established breeding populations (Rock et al. 2016; Spelt et 
al. 2019; Méndez et al. 2020; Coccon et al. 2022). These 
successful species often show an opportunistic and general-
ist behaviour and are able to exploit accessible and abundant 
trophic resources in cities and surroundings (Méndez et al. 
2020; Carmona et al. 2021; Lopes et al. 2020; Coccon et al. 
2022).

The notable proliferation of gull populations in urban 
areas has led to an increase in human-gull conflicts, espe-
cially in highly populated cities (Vidal et al. 1998; Spelt 
et al. 2019; Benussi and Fraissinet 2020; Carmona et al. 
2021). This is the case of the yellow-legged gull (Larus 
michahellis), whose populations have exponentially growth 
in southern regions of Europe (Vidal et al. 1998; Duhem et 
al. 2008; Benussi and Fraissinet 2020; Ramírez et al. 2020; 
Coccon et al. 2022). Due to its high abundance, ecological 
adaptability, and aggressive behaviour, it is often considered 
a nuisance in urban settings (Vidal et al. 1998; Navarro et 

Introduction

The growth of the human population has led to an increase 
in anthropogenic impacts on natural ecosystems (McKinney 
and Lockwood 1999; He and Silliman 2019). Among these 
human impacts, the process of urbanization has notably 
affected biodiversity, displacing species from their natural 
habitats or reducing the size of their populations (McKinney 
2006; McCauley et al. 2015; Goddard et al. 2010). How-
ever, although a majority of wildlife suffer adverse conse-
quences due to urbanization (Chace and Walsh 2006), some 
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Abstract
The proliferation of gull populations in urban areas has led to an increase in human-gull conflicts, especially in highly 
populated cities where these opportunistic predators are often considered a nuisance. There is a lack of data regarding the 
selection of nesting sites by gulls, so management measures at nesting level cannot be implemented. Here, we investigated 
the main environmental factors that explain the nesting preferences of the yellow-legged gull (Larus michahellis) in urban 
areas, using the population in the city of Barcelona (NE Spain) as study model. We conducted an integrated analysis that 
combines micro-scale habitat selection assessments of 148 urban nesting sites with a macro-scale assessment of gull move-
ments derived from GPS tracking of breeding yellow-legged gulls. We also analysed the type and abundance of litter in 
nests and main factors related to this. Nests were mainly found on flat roofs or above a structure on the main roof located 
at corner placements and situated on gravel substrate. Nest selection showed a negative relation to port distance and a 
building height beyond 12 m. The presence of litter was detected in more than 80% nests and was related to population 
density. Understanding the ecology of yellow-legged gulls in urban areas has implications for urban population manage-
ment to prevent nest establishment.
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al. 2019). Consequently, the colonization and population 
expansion of urban gulls have raised significant concern in 
terms of conservation and management (Vidal et al. 1998; 
Navarro et al. 2017). These concerns encompass issues 
such as attacks to defend the nesting site, noise pollution, 
infrastructure damage, as well the dispersal of pathogens 
and invasive plant species (Belant 1997; Senar et al. 2016; 
Vergara et al. 2017; Navarro et al. 2019; Martín-Vélez et al. 
2022, 2024).

In order to mitigate human-wildlife conflicts in urban eco-
systems, it is of high importance to identify the main factors 
driving population growth and to develop effective preven-
tion and control measures balanced with the role of urban 
populations to population dynamics of the species. Differ-
ent management actions have been proposed to reduce the 
abundance of gulls in urban areas, such as limiting access 
to food resources, removing breeding individuals, eggs or/
and chicks, or implementing direct actions to prevent nest-
ing (Belant 1997). However, while a lot of information 
exists regarding the trophic ecology of urban yellow-legged 
gulls (e.g., Méndez et al. 2020; Carmona et al. 2021; Mar-
tín-Vélez et al. 2022; Vez-Garzón et al. 2023; Lopes et al. 
2021; Pais de Faria et al. 2023), there is lack of data regard-
ing the identification of the main factors that modulate the 
nesting selection by these urban predators. We only found a 
recent study with an urban population of herring gull (Larus 
argentatus) in Ireland showing that this species selects par-
ticular rooftop types, avoiding the ground floor, based on 
their slope or the presence of protective structures, such as 
chimneys, pipes, or ventilation grilles and corners to build 
their nests (Dalla Pria et al. 2022). In the case of the yellow-
legged gull, the information about urban nesting is limited 
to studies describing how this species include human litter 
(mainly plastics) in the construction of urban nests, sug-
gesting that in non-natural environments, litter could be a 
substitute of natural nesting material (Galimany et al. 2023; 
Lopes et al. 2020).

In this study, our objective was to pinpoint the main 
urban environmental factors that explain the nesting prefer-
ences of the yellow-legged gull inhabiting the highly dense 
city of Barcelona (northeastern Spain). To achieve this, we 
conducted an integrated analysis, combining micro-scale 
assessments of factors (e.g. position, substrate, height or roof 
type) associated with urban nesting sites with a macro-scale 
assessment of spatial variables derived from GPS tracking of 
the movements of breeding yellow-legged gulls. Moreover, 
as litter has been reported as an important part of the urban 
nests of the yellow-legged gull (Galimany et al. 2023), we 
analysed the type and abundance of litter in nests and main 
factors related to this. This study, aside from improving our 
understanding of the urban ecology of this species, is also 
useful for the implementation of management strategies 

aimed to mitigate the nest presence in Barcelona and other 
urban populations where this (or ecologically similar) gull 
species are present and improve citizen coexistence.

Materials and methods

Study area and fieldwork procedures

This study was conducted in the city of Barcelona (Fig. 1A), 
a coastal city with a Mediterranean climate and presents a 
population of around 1,600,000 inhabitants (Idescat 2019). 
Barcelona is an urban coastal ecosystem surrounded by 
ports, waste dumps, agricultural areas and green areas 
(Carmona et al. 2021; Galimany et al. 2023). This situa-
tion provides a diverse availability of trophic resources that 
can be exploited by an urban yellow-legged gull population 
of between 200 and 300 breeding pairs (Antón et al. 2017; 
Vez-Garzón et al. 2023). Moreover, Barcelona is geographi-
cally confined by the sea, a mountain and two rivers. These 
constraints the urban expansion and force the construction 
of high-rise buildings to address housing demands.

During the breeding season of the year 2019 (between 
April and May), a total of 148 urban nests were identi-
fied and visited throughout the city (Fig. 1B) by the Public 
Health Agency of Barcelona (ASPB). Nest identification by 
the ASPB was based on reports from residents of Barce-
lona (but do not correspond to the total amount of nests in 
the city). From each nest, we recorded its GPS position, the 
altitude above sea level, and took a set from one to three 
pictures depicting the substrate where the nest was placed 
as well as any urban litter present.

To identify the main macro-scale variables that could be 
associated to the nesting, we identified the main habitats 
used by urban yellow-legged gulls by equipping 14 breed-
ing adult (six females and eight males) yellow-legged gulls 
with GPS units during 2018 and 2019 (9 individuals were 
tagged with GPS-WIMBISF-25 from Wimbitek SL, and 5 
individuals were tagged with GPS-CatLog from Perthold 
Engineering LLC). All gulls were captured at the beginning 
of the breeding period using a baited fish trap within a met-
ropolitan park in Barcelona. The GPS units were attached 
using a conventional Teflon harness (Thaxter et al. 2014). 
GPS units recorded the GPS positions of each bird at inter-
vals of every 5 min for CatLog and 25–30 min for Wim-
bitek. All GPS data were regularized to 30  min to obtain 
the same time interval between fixes through the r pack-
age adehabitatLT (Calenge 2019). GPS devices and har-
ness weighed less than 1.8% of the body mass of the birds 
(20 g for the GPS versus 1062 ± 120 g [mean ± SD] for the 
tracked gulls), less than the 3 to 5% threshold suggested for 
seabirds (Passos et al. 2010).
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Nest data characterization

Four categorical variables were used to characterize each 
nest at the micro-scale (Fig. 2). Specifically, we categorized 
each nest based on the following criteria: (1) the nest’s loca-
tion (nest located on the main roof, nest positioned above 
a structure on the main roof or nest located at the ground 
level); (2) the roof’s slope (flat or inclined); (3) the nest’s 
position (corner placement, center placement, positioning 
between machinery or pipes, placement within a pot, place-
ment within a gutter or other variations), and (4) the type of 
substrate (gravel, smooth ground, soil or other substrates).

Additionally, the type and abundance of litter in each nest 
was estimated using the pictures available for each nest. To 
be consistent between nests, we only took in account the 
litter associated to the nest (within the nest structure). The 

Fig. 2  Examples of different nesting typologies of yellow-legged gulls 
in the city of Barcelona during the 2019 breeding period: (a) Nest in 
the corner of a flat roof with gravel flooring, (b) Nest on a flat roof, 
between machines, on top of a metal grate (substrate = other). (c) Nest 
in a cement gutter (smooth) on a sloping roof with tiles. All pictures 
were made by ASPB staff

 

Fig. 1  (a) Location of Barcelona 
city in Europe (orange star point). 
Black points represent other 
cities with a population greater 
than 500,000 habitants and pink 
shadow represent the distribution 
of yellow-legged gull during the 
breeding period. (b) Location 
of the 148 nest (green circles) 
and 148 generated random 
points (orange triangles) used 
for the study. (c) Nest density 
(number the nests·km− 2) of the 
148 nests present in this study
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Macro-scale variables for nesting selection analyses

Based on the habitat use information obtained with the 
GPS tracking data, we considered eight variables (for both 
presence and absence) that could be associated to the nest 
selection of yellow-legged gull at macro-scale. Specifically, 
we calculated the minimum distance between each nesting 
location and each of the main habitats used by the yellow-
legged gulls according to GPS data. Each of these different 
habitats is expected to be associated with availability of dif-
ferent resources. For example, we considered the minimum 
distance to the sea (which is expected to be related to the 
availability of marine resources), the minimum distance to 
the river (availability of freshwater resources), the mini-
mum distance to landfills (availability of organic and inor-
ganic waste), the minimum distance to the Barcelona fishing 
port (availability of fishing discards), and the minimum dis-
tance to green areas (availability of urban birds). Minimum 
distances were calculated using the sf_distance function in 
R (Pebesma 2018). Furthermore, since urban was the most 
important habitat used by GPS-tagged yellow-legged gulls 
(see Fig. 3A), we also considered human population density 
(number of censed persons per neighbourhood) and number 
of urban litter containers (proxy of garbage and litter avail-
ability within the city) within a 200 m radius of each nest. 
Population density, number of urban litter containers and 
building height were provided by the Public Health Agency 
of Barcelona (ASPB). Height distribution of the buildings in 
Barcelona was on average 11.5 m ± 9.7 s.d.

type of litter was characterized following the classification 
method established by Galimany et al. (2023) in a study that 
characterized the litter present in the nests of yellow-legged 
gull nests from Barcelona (Table S1). This classification 
(plastic, paper, metal, and others) was based on the Master 
List category of items from the European Marine Strategy 
Framework Directive (Galgani et al. 2013). In the case of 
the abundance of litter in each nest, we adapted the score 
of amount of litter from Ryan (2020) for each nest in four 
categories: (1) no litter observed; (2) between 1 and 10% of 
litter observed; (3) between 11 and 50% litter observed, and 
(4) more than 50% litter observed (see Figure S1). The same 
person (Joana Domingo) carried both the identification and 
abundance scoring to mitigate any potential biases.

Habitat use based on GPS-tracking data

We identified the habitats used by the GPS-tracked yellow-
legged gulls. For this, we estimated the percentage of GPS 
positions in each habitat type for each GPS-tracked indi-
vidual during the breeding period (April-May) (Fig.  3A 
and B). Habitat type was determined by overlapping the 
GPS positions with land-cover data using the function over 
from sp (Pebesma and Bivand 2005). Land-cover data was 
aggregated into seven categories, according to previous for-
aging and diet information for this yellow-legged popula-
tion (Gimeno et al. 2023; Méndez et al. 2020; Vez-Garzón 
et al. 2023; Galimany et al. 2023): urban, fishing port, sea, 
green areas, garbage dump, river, industrial and others (e.g. 
agriculture).

Fig. 3  (a) GPS movements (coloured by habitat use) of yellow-legged 
gull within Barcelona city in 2018 and 2019 during the breeding period 
(April and May). (b) Percentage of habitat use (with standard mean 

error) associated to the GPS data from 2018 and 2019. The image of 
the yellow-legged gull was made by Martí Franch
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Results

Descriptive characterization of the yellow-legged 
nests

We found nests along all the urban area of Barcelona, with 
a more density of nests in the southwestern area of the city 
(Fig. 1C). Out of the 148 nests detected during 2019, 123 
were found on flat roofs or above a structure on the main 
roof (83%), 73 nests were located at corner placement 
(53%) and 76 nests were situated on gravel substrate (51%) 
(Fig. 4). Whether on a roof or above a structure on the main 
roof, the nest was mainly placed in a flat surface (72% of 
nests on the roof and 94% of nests above a structure on the 
main roof) (Fig. 4). Moreover, the preferred place for nest 
placement was in a corner, both for nests on the roof (57%) 
or above a structure (69%). Lastly, the predominant sub-
strate type found at nesting sites was gravel, accounting for 
89% on roofs and 74% above a structure (Fig. 4).

GPS tracking data

By using GPS tracking data from 14 breeding gulls, we 
were able to identify the main habitats covered by them and, 
thus, the identification of the main macro-scale variables 
associated to the nesting and the potential origin of the litter 
found in the nests. GPS-tracking data revealed that the main 
habitat used by yellow-legged gulls breeding in Barcelona 
was the urban environment (mean percentage ± standard 
deviation of the GPS positions = 75.63 ± 26.97%), fol-
lowed by sea (8.98 ± 17.80%), fishing port (7.28 ± 14.29%), 
industrial (3.68 ± 7.18%), green areas (3.27 ± 3.94%), dump 
(0.45 ± 1.26%), and rivers (0.11 ± 0.31%) (Fig. 3B).

Nesting selection

Only one model was supported to best explain the nesting 
habitat selection of yellow-legged gulls (∆AIC < 2). The 
final GLM model retained the building height variable, both 
linear and squared responses, population density, distance 
to the port, and three categorical variables: roof type, nest 
position, and substrate type. Main effects from all variables 
retained by the model were significant, except for popula-
tion density and squared height (Table 1; Table S3). The par-
tial effects of height showed nest preferences for altitudes 
beyond 12 m (Fig. 5). There was a negative trend of port 
distance in nest selection (Fig. 5; Table 1). The frequency 
of random points for roof type concentrated on the roof, 
while in the presence of nests there was no difference in 
selection between the main roof and above a structure on 
the main roof (Figs.  4 and 5). The predominant substrate 
type for random points was smooth ground; while in the 

Statistical analyses

We carried out first a descriptive analysis of the relative and 
absolute percentage of each of the four categorical variables 
associated to each nest. We considered the 148 nests charac-
terized as presence of nest and we generated the same num-
ber of random locations within the urban area of Barcelona 
to be used as absences (Fig. 1B). Random locations were 
generated using the Create Random Points tool in ArcMap 
10.8 over the rooftops layer from Barcelona city to exclude 
surfaces at ground level. For each random location, we cal-
culated the same four categorical variables (location, slope, 
position, and substrate) as for presences using Google Earth 
(Mutanga and Kumar 2019). We also calculated macro-
scale variables using the same methodology as for nests. We 
also performed a heat map density point through the Point 
Density tool in QGIS 3.26.1 with a search radius of 100 m 
and a previous coordinate transformation to UTM (Fig. 1C).

Then, to test if there was a nest site selection by the urban 
yellow-legged gulls, we carried out a binomial Generalized 
Linear Models (GLMs) with a logit link considering pres-
ence/absence of nest as a dependent variable. Prior to the 
GLM analyses, we standardized all the macro-scale vari-
ables and calculated the degree of correlation between dif-
ferent variables through the corrplot function from the R 
package (Figure S2). Distance to the river, distance to the 
sea, distance to the Barcelona port, and distance to the land-
fill presented significant correlation indices between them. 
Based on this, we only considered the variables distance to 
the Barcelona port and density of containers due to their 
importance as feeding points for the species in this urban 
population. To assess the best combinations of predictors 
affecting nesting habitat selection we used a model compari-
son approach and used AICc for model selection of main 
effects (Barton and Barton 2015). All potential combina-
tion of variables were considered using the function dredge 
from MuMIn in R. We considered a linear response for all 
variables. Additionally, when biologically relevant and sig-
nificant, we also considered quadratic responses (building 
height). We included as predictor variables for nest pres-
ence the following: (1) building height, (2) squared build-
ing height, (3) population density, (4) roof type, (5) nest 
position, (6) substrate type and (7) port distance. To analyse 
factors affecting explaining the amount of litter present in 
the nests (four categories), we applied an ordinal logistic 
regression model and used a model comparison approach 
based on AICc, as above, for model selection. For analyses 
on the amount of litter we only considered variables related 
to litter sources (density of containers, distance to green 
areas, distance to dumps, population density, and distance 
to fishing port).
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to the amount of litter in the nests (Fig. 6C; Table 1). Density 
of containers, distance to dumps and distance to green areas 
only showed a marginal significant association (Fig.  6C; 
Table 1). Occurrence probabilities of nests with no litter or 
with 1–10% of litter increased with low population densi-
ties, while occurrence probabilities of nests with 11–50% 
or > 50% of litter increased with high population densities 
(Fig. 6C and D).

Discussion

In the present study, we identified and modelled various 
parameters related to the nesting habitat selection of the 
yellow-legged gull in an urban environment. Our results 
showed that yellow-legged gulls occupied nesting sites 

presence nests, it was mainly on gravel substrate (Figs.  4 
and 5). The corner of the roofs was predominantly selected 
by the yellow-legged gulls, which markedly differed from 
random points, where more than 90% were in the center of 
the roof (Figs. 4 and 5).

Presence, abundance and type of litter in the nests

The presence of litter was detected in more than 80% nests, 
with 42% of them classified as containing between 1 and 
10% of litter, followed by 22% of them classified as con-
taining 11–50% or more than 50% of litter (Fig. 6A). Plastic 
was the main type of litter found in the nests, constituting 
86% of the nests with litter, followed by paper (46%), wood 
(39%), metal (18%) and hygienic waste (11%) (Fig.  6B). 
Human population density showed a significant association 

Fig. 4  Dichotomous classification 
of nests was determined based 
on four categorical variables, 
arranged from left to right: 
nest location, slope, position, 
and substrate type. Thicker 
lines represent the predominant 
categories within the analysed 
nests. In parentheses, the relative 
percentage and sample size of 
each category are provided
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many ground-level obstacles and a high risk of predation, 
making it an unsuitable nesting site. In relation to the roofs, 
yellow-legged gulls installed their nest mainly on the main 
roofs or above structures over the main roof of the buildings, 
often being elevator shafts or spaces occupied by antennas 
(Pallejà, 2021). Furthermore, the major part of nests were 
situated in the corners of the roof, a location that probably 
provide better protection for the eggs and small chicks, and 
a better visibility for adults to avoid potential risks (Benussi 
and Fraissinet 2020). This protection could also be related to 
the fact that nests on inclined roofs were mostly associated 
with positioning in a gutter or crevice, providing shelter and 
having a lower slope, thus reducing the probability of nest 
destruction due to weather conditions. The study by Dalla 
Pria et al. (2022) on urban populations of herring gulls in 
Ireland found similar results, observing that this ecologi-
cal similar species to the yellow-legged gull nested on flat 
roofs and structures that offered protection, such as chim-
neys, pipes, or ventilation grilles. Regarding the type of 
substrate, we found a clear use of gravel substrates. Yellow-
legged gulls might select this type of substrate in compari-
son to other substrates such smooth ground, which heat up 
and cool down more than gravel. This choice could ensure 
better microclimatic conditions during incubation and the 
period when chicks stay in the nesting area before fledging. 
In addition, the gravel is permeable to rain, reducing the 
possibility that a rain event could flood the nest (Guzman-
Sanchez et al. 2018).

The nesting selection model emphasized the significance 
of building height where the nest is located, similar to the 
results obtained with herring gulls in Ireland (Dalla Pria et 
al. 2022). However, in our case, yellow-legged gulls exhib-
ited a positive response concerning building height. Specifi-
cally, yellow-legged gulls showed a preference for buildings 
with intermediate heights beyond 12 m. In the case of very 
low buildings, yellow-legged gulls did not select them 
potentially to minimize contact with the human population 
(Arizaga 2023). Additionally, the model did not indicate a 
selection of buildings over 40 m, possibly because they are 
more exposed to weather conditions such as wind or higher 
solar radiation (Vermeulen et al. 2015) or also imposed fly-
ing constraints during the commuting movements between 
the nest and feeding grounds (Sage et al. 2019).

The distance to the fishing port is also a variable asso-
ciated to the nesting site selection. Particularly, the spatial 
distribution of the nests in Barcelona showed a higher den-
sity close to the fishing port, as urban yellow-legged gulls 
use this habitat to feed on discarded fishing resources in 
both open sea and around the ports (Méndez et al. 2020; 
Vez-Garzón et al. 2023), although we cannot rule out the 
possibility that buildings around the port show more suit-
able characteristics for nest construction. The distance to 

using habitat cues obtained at two complementary spatial 
scales, including the habitat associated to the nest, and other 
macro-scale variables associated to the distance from feed-
ing habitats. By considering the presence of anthropogenic 
materials in the nests, we also provide evidence of the rel-
evance of the use of urban waste in nest construction. These 
findings not only contribute to our understanding of the 
urban ecology of this species, they also have practical impli-
cations for implementing management strategies to mitigate 
potential disturbances caused by this species to humans in 
urban ecosystems.

Nesting selection

The results revealed a clear preference to nest on roofs, 
avoiding the ground level of the city, which differs from 
their behaviour in natural environments (Benussi and Frais-
sinet 2020; Delgado et al. 2021). This is consistent with the 
nesting behaviour of other urban gull species breeding in 
cities (Pais de Faria et al. 2022). In urban areas, there are 

Table 1  (a) Summary results for the explanatory variables of binomial 
Generalized Linear Model (GLM) for presence/absence of nests. Inter-
cept refers to the first category of each variable (b) Summary results 
for the explanatory variables of ordinal logistic regression Model 
(POLR) for categories of litter within nests
Summary Estimate S.E. z p
a) Nest selection
Intercept 2.87 0.65 4.41 < 0.0001 ***
Height 1.02 0.32 3.17 0.002 **
Height2 −0.46 0.26 −1.75 0.08 .
Population density −0.24 0.17 −1.4 0.16
Port distance −0.8 0.26 −3.02 0.003 **
Above a structure 
on the main roof

2.18 0.53 4.05 < 0.0001 ***

Ground level −13.5 1169.53 −0.01 0.99
Between 
machinery/pipes

−1.3 0.86 −1.5 0.13

Pot 17.43 1169.55 0.02 0.99
Gutter 1.68 0.85 1.96 < 0.05 *
Center −1.92 0.56 −3.39 < 0.0007 ***
Other (nest 
position)

1.95 1.13 1.72 0.085 .

Smooth floor −3.62 0.67 −5.36 < 0.0001 ***
Soil −2.58 7.98 −0.32 0.75
Other material 
(substrate)

−4.24 0.79 −5.32 < 0.0001 ***

b) Litter
Density of 
containers

0.39 0.21 1.84 0.06

Dump distance 0.36 0.20 1.81 0.07
Green areas 
distance

0.33 0.19 1.80 0.07

Population density 0.40 0.18 2.22 0.026 *
Estimate (and S.E), statistic value (z and t) and p-value are shown. 
Significant p values are shown in bold
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use anthropogenic materials as an indicator of nest qual-
ity (Sergio et al. 2011). The results showed that 42% of 
the nests had between 1% and 10% anthropogenic waste 
in the nest, while 22% had percentages exceeding 50% 
of anthropogenic materials in relation to natural materi-
als. Human population density was positively correlated 
with the amount of litter in the nest. Human population 
density is often related to container and waste density, as 
areas with higher human population generate more waste. 
However, the consumption of organic waste from land-
fills and containers by the yellow-legged gull population 
in Barcelona has decreased over the years (Méndez et al. 
2020; Vez-Garzón et al. 2023). Therefore, it is essential 
to deepen into the relationship between population den-
sity and the presence or quantity of anthropogenic waste 
found in nests. In this study, the analysis of garbage pres-
ence was conducted visually through photographs and 
thus, it might underestimate the presence of garbage in 
the nests. In fact, a study conducted in the city of Barce-
lona using nests collected in 2021 found anthropogenic 
waste in all examined nests (Galimany et al. 2023).

landfills was negatively correlated with the distance to the 
port, meaning nests were located far from landfills. How-
ever, studies tracking the feeding movements of adult indi-
viduals in urban Barcelona have shown the use of some 
landfills near the city (Méndez et al. 2020). Nonetheless, the 
distance to landfills is greater than the distance to the port or 
the sea, and thus, the energy cost associated to foraging trips 
are higher than feeding in the port area.

Litter in nests

We found that 80% of the nests analysed in this study 
contained litter, being plastic the main litter detected. 
Plastic waste is a growing global problem with an urgent 
need to reduce its usage (UNEP, 2021). These materials 
are ubiquitous, durable, and considered by the United 
Nations Environment Programme as a critical issue for 
the environment (UNEP, 2021). Moreover, plastics con-
stitute the largest and most persistent fraction of marine 
litter, accounting for at least 85% of total marine debris 
(UNEP, 2021). Breeding adults use urban litter to con-
struct part of the nest, possibly mistaking them for natu-
ral materials, or the lack of natural materials drives them 
to collect urban materials as substitutes (Lopes et al. 
2020; Galimany et al. 2023). Furthermore, many birds 

Fig. 5  Partial effect of the 
variables that determined nest 
selection in yellow-legged gulls 
breeding at Barcelona. (A) Build-
ing height; (B) Distance to fish-
ing port; (C) Nest’s location, (D) 
Type of substrate, and (E) Nest’s 
position. Green dots represent 
the nest presence and blue dots 
random absences
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nesting areas inaccessible, modifying the slope of small 
nesting surfaces such as antenna or lift sheds, and improv-
ing the efficiency of waste management. However, urban 
populations have an important role for balancing the pop-
ulation dynamics of natural populations of the species, 
which are declining. Therefore, management measures 
should take into account population dynamics estima-
tions. Social and educational factors (e.g. feeding ani-
mals) may also provide a strong influence on human-gull 
interactions in cities. Future research could assess the 
relationship between nest presence and garbage content 
and compile a report on effective management measures.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s10344-
024-01822-2.

Conclusions

Understanding the ecology of yellow-legged gulls in urban 
areas has implications for urban population management 
to prevent nest establishment, not only in Barcelona but 
also in other similar cities where this or other ecological-
similar species are present (Benussi and Fraissinet 2020; 
Lopes et al. 2021; Coccon et al. 2022; see also Fig. 1A). 
By analysing the main factors related to nest presence, 
interventions can be implemented to reduce conflicts 
between gulls and humans. Measures include reducing or 
changing the gravel substrate on roofs in order to make 
this substrate less attractive for nesting, cleaning these 
areas to avoid leaving elements that may contribute to 
nest establishment and carrying out good maintenance 
of roofs, covering corners with blocks making preferred 

Fig. 6  (a) Percentage of nests 
with litter presence classified 
based on the quantity of litter in 
four categories. (b) Frequency 
of nests found with each type of 
litter (“Others” includes textile 
items and rubber objects). (c) 
Partial effect of population 
abundance (persons per neigh-
bourhood) around the nests that 
determined the presence of litter 
in the nests of yellow-legged 
gulls breeding at Barcelona. 
(d) Example of a nest contain-
ing > 50% of litter. The picture 
was made by ASPB staff
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