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A B S T R A C T

The increase of plastic pollution represents a significant ecological threat, particularly in human-impacted en-
vironments. However, the effects of plastic ingestion by urban wildlife are less understood. This study in-
vestigates the presence of microplastic (MPs; plastic <5 mm in size) and macroplastics (MaPs, plastic >5 mm in
size) in yellow-legged gull (Larus michahellis) chicks inhabiting the urban marine ecosystem of Barcelona
(northeastern Spain). The stomach contents of 56 gull chicks were analysed, revealing the presence of MPs in
100 % of the individuals and MaPs in 19.64 % of individuals. Additionally, trophic analysis, through stomach
content and stable isotope determination, identified links between diet and plastic ingestion, with diet diversity
associated with higher MaP abundance. These results highlight the high presence of plastics in the early stages of
an urban-dwelling wildlife species and open the potential role of the use of urban gull chicks as sentinels of
marine and terrestrial pollution in urban coastal areas. The findings suggest that chicks can serve as bioindicators
of plastic pollution, emphasizing the urgent need to address the high levels of plastic contamination in urban
environments.

1. Introduction

Plastic pollution has emerged a significant global problem in recent
decades, affecting nearly every ecosystem worldwide (Essoufi et al.,
2024) and being considered as a marker of the Anthropocene epoch
(Geyer, 2020). Its widespread presence in the environment is driven by
its high demand, low production cost, exceptional durability, and
resistance to degradation (Geyer, 2020). The extensive use of packaged
products, increasing levels of food waste, and ineffective plastic waste
management contribute to the release of “user” plastics into the envi-
ronment (Olmo-Gilabert et al., 2024; Provencher et al., 2017).

Although plastic pollution is present in all environments, it is
particularly pronounced in coastal urbanized areas where marine and
terrestrial ecosystems converge (Critchell et al., 2019; Deoniziak et al.,
2022). Poorly managed urban and industrial waste, which is often
improperly disposed of or inadequately contained, is classified as urban
litter (Ballatore et al., 2022). Coastal cities face more severe challenges
than inland areas, as urban litter— primarily composed of

plastics—impacts both the terrestrial and marine environments, further
exacerbating ocean pollution (Ballatore et al., 2022). This issue is
especially critical when plastic waste undergoes fragmentation through
various physical, biological, and chemical processes (Li et al., 2016),
breaking down into microplastics (MPs) (Lusher et al., 2020).

Despite their small size, MPs and macroplastics (MaPs) persist in the
environment for many years due to their durability and resistance to
degradation, leading to their accumulation in wildlife (Li et al., 2016,
Moreira-Mendieta et al., 2023). MPs have been observed entering tro-
phic webs through inhalation or ingestion, raising concerns about po-
tential adverse effects on wildlife and human health (Essoufi et al.,
2024). Within wildlife, seabirds are considered a sensitive group of
species because of plastic ingestion, as they are in the apex of the trophic
web and directly associated to anthropogenic environments (Almeida
et al., 2023). Previous studies already reported the presence and char-
acterized the effects of plastic ingestion of several species of seabirds,
focusing mainly on juvenile and adult individuals (Seif et al., 2018).
Characterization of plastics is commonly related to pellets (Almeida
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et al., 2023, Lopes et al., 2021), as are easy to collect in the colonies or
aggregation sites and are considered a non-invasive method (Martín-
Vélez et al., 2024a, 2024b), and the food provided by parents are the
main source of plastic transfer from adults to chicks (Almeida et al.,
2023). However, studies relating the importance of plastic ingestion in
avian chicks are scarcer (Collard et al., 2022), than the ones reported in
adults (Acampora et al., 2017).

On the other hand, sentinel species can play a valuable role in
monitoring plastic pollution in the environment. These species reflect
the state of the environment and provide relevant data on the prevalence
and impacts of environmental pollutants (Basu et al., 2007; Garcia-Garin
et al., 2019). For these reasons, urban-dwelling wildlife may not only be
affected by the presence of plastic pollution but also serve as effective
sentinels of its presence. Among these, the opportunistic yellow-legged
gull (Larus michahellis) is a potential candidate, both as an urban spe-
cies impacted by plastic pollution and as a sentinel for coastal cities
(Galimany et al., 2023). This is due to its plastic behaviour and its ability
to exploit diverse habitats and resources, including urban and marine
environments (Lopes et al., 2022; Martín-Vélez et al., 2024a; Méndez
et al., 2020; Vez-Garzón et al., 2023).

The main objective of this study was to examine the ingestion of MPs
and MaPs in urban yellow-legged gull chicks by quantifying their
abundance, size, type, colour, and potential origin. The type of plastic
was further analysed by identifying the polymers using micro-Fourier
Transform Infrared (μFTIR) spectroscopy. Furthermore, to determine
the potential origin of plastics, we investigated the relationship between
plastic ingestion and the diet of chicks by analysing their stomach
contents and stable isotopic markers in their feathers. Based on this new
information, we evaluate if this species can serve as a sentinel for plastic
pollution in coastal cities. To address this, we focused on the urban
population of yellow-legged gulls inhabiting the dense populated city of

Barcelona (Spain). We analysed the plastics found in the stomach con-
tents and the diet of 56 chicks sampled across the city. Our main hy-
potheses were that yellow-legged gulls consume significant quantities of
plastics derived from both marine and terrestrial resources, all origi-
nating from human waste and part of this plastic transferred from adults
to chicks. Furthermore, due to their opportunistic feeding behaviour,
which rely on multiple anthropogenic sources, these gulls are highly
exposed to pollution hotspots (Nos et al., 2024). Additionally, we ex-
pected that the quantity of ingested plastics is related to diet composi-
tion (Lopes et al., 2021), with greater dietary diversity corresponding to
higher plastic ingestion.

2. Material and methods

2.1. Study area and sample collection

Fifty-six gull chicks were sampled in May 2023 in different nest
located on roofs within the city of Barcelona (Fig. 1), an overpopulated
Mediterranean coastal city with a population of 1.600.000 inhabitants
(Idescat, 2019). The urban population of this gull in Barcelona has
increased in recent decades, with an estimated population of about
450–500 pairs in the city itself (Anton et al., 2017; Martín-Vélez et al.,
2024a). All chicks were managed by the Public Health Agency of Bar-
celona (following Legislative Decree 2/2008, April 15, DOGC). After
capture, biometric parameters were measured (body mass, tarsus, and
beak length) (Table 1) and the new-growth body feathers of the chicks
were collected. The individuals were then dissected to collect their
stomachs, which were placed in plastic bags and frozen at − 20 ◦C until
analysis.

Fig. 1. (A) Location of Barcelona city in Europe (orange star point). Black points represent other cities with >500.000 inhabitants and pink shadow represent the
breeding distribution of yellow-legged gull. (B) Distribution of the nests (orange dots) sampled in Barcelona during 2023. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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2.2. MP and MaP determination

The stomach dissection and identification of MPs were based on the
protocol developed by Lusher and Hernandez-Milian (2018). Firstly,
each stomach was weighted. After this, two nested metal sieves (5 mm
and 1 mm) with a tray below were employed to separate the stomach
contents to determine diet (see below) and to detect MPs and MaPs
larger than 5 mm (Fig. 2A). Utilizing the sieve (inside the tray) as a
support, the stomachs were individually opened using scissors. Subse-
quently, they were rinsed with Milli-Q water to cleanse the inner surface
from partially digested food and potential MPs. The liquid that fell into a
tray was then gathered in glass beakers and covered with aluminium
foil. Depending on the volume of solution collected, either 50 or 100 mL
of H2O2 16 % was promptly added to the solution. The beakers were
subsequently incubated at 55 ◦C for a duration ranging from three to five
days. H2O2 was added as necessary to digest all the organic matter
present in the beakers until obtaining a transparent to slightly yellow
solution containing water, H2O2, calcareous fragments, and candidate
MPs. Once the solution had been digested, each sample was vacuum

filtered using fiberglass filters (pore size 1.2 μm) and stored in Petri
dishes sealed with Parafilm.

2.3. Diet determination

The diet of each individual was determined by analysing the prey
found in the stomachs and by analysing the stable isotopes of N (δ15N)
and C (δ13C) in the collected feathers. Regarding to the stomach content,
the diet was analysed to the most specific taxonomic level possible and
enumerated to the smallest possible quantity, classifying all the prey in
three functional groups (marine prey, terrestrial prey and garbage) and
other subgroups such as (demersal marine prey, pelagic marine prey and
other marine prey). The otoliths found were stored dry and examined
under a stereomicroscope. Species identification was performed using
the AFORO database (Shape Analysis of Fish Otoliths) (http://aforo.cm
ima.csic.es, Lombarte et al., 2006) and the Otolith Atlas for the Western
Mediterranean, North, and Central Eastern Atlantic (Tuset et al., 2008).
Two trophic metrics were calculated to characterize the diet of yellow-
legged gull based on stomach contents: FO% (frequency of occurrence =

Table 1
Morphometric parameters (mean ± standard deviation, median and 95 % CI), plastic metrics (number of individuals with plastic, total number of
items and frequency of occurrence) and abundance and size (mean ± standard deviation, median and 95 % CI) metrics of 56 yellow-legged gull
chicks sampled in the city of Barcelona in 2023.

Morphometric parameters Mean ± S.D. Median 95 % CI

Body mass (g) 741.25 ± 172.3 735 694–787
Tarsus length (cm) 65.21 ± 5.22 66.32 63.8–66.6
Beak length (cm) 38.39 ± 4.81 38.07 37.09–39.69

Plastic metrics

Chicks with MPs 56
Total MP found 258
FO% of MPs 100
MPs per individual 4.61 ± 2.71 4 3.8–5.3
MP length (mm) 0.63 ± 0.86 0.31 0.41–0.52
Chicks with MaPs 11
Total MaPs found 17
FO% of MaPs 0.19
MaPs per individual 0.3 ± 0.47 0 0.11–0.49
MaP length (mm) 10.55 ± 5.3 8.95 7.9–13.3

Fig. 2. a) Example of a dissected gull stomach with macroplastic and microplastic items; b) Examples of plastic items found in the stomachs of yellow-legged gull
chicks based on size, shape, colour and type. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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number of occurrence samples / total amount of samples) and N%
(contribution by number = number of occurrences of a specific type /
total number of individuals counted) for each prey and the functional
groups. The diversity of prey in the diet was evaluated by calculating the
Shannon diversity index (H′) based on the abundance of prey found in
the stomachs.

Regarding to the stable isotope markers, the δ15N values infers in-
dividuals' trophic positions, with higher δ15N values indicating higher
trophic positions (Inger and Bearhop, 2008). Meanwhile, δ13C analysis
identifies feeding habitats: high values for coastal or shallowwaters, low
values for marine or oceanic habitats (Inger and Bearhop, 2008).

To determine the SIA values, all feathers were cleaned, dried,
powdered and sent to the Stable Isotopes Lab of the Estación Biológica
de Doñana (EBD-CSIC; www.ebd.csic.es/lie/index.html) for analysis of
stable carbon (δ13C) and nitrogen (δ15N) isotopes. The stable isotopic
determination was performed with a Flash HT Plus elemental analyser
connected to a Delta V Advantage mass spectrometer, following inter-
national standards. The ratios for stable isotopes are expressed in the
standard δ-notation (‰) (see Vez-Garzón et al., 2023). Since the chicks
were three to four weeks old, the isotope data from the feathers reflect
their diet over their entire lives.

2.4. MP and MaP identification

Each sample was meticulously analysed using the LUPA program and
a Stereo Microscope (Nikon SMZ1000). Each potential plastic was
measured, photographed, characterized by colour, and classified into
one of the following categories: fiber, fragment, sphere or film (Van
Franeker et al., 2011; Fig. 2B). Additionally, classification was done to
determine if they were MPs (< 5 mm) or MaPs (> 5 mm). Every
candidate MP was transferred onto a calcium fluoride (CaF2) slide and
covered with another slide of the samematerial, for its chemical analysis
through micro-Fourier Transform Infrared (μFT-IR) spectroscopy
(spectrometer Thermo IN10MX). Each potential MaP was analysed
through a Perkin Elmer Frontier Fourier transform infrared spectrom-
eter. The analyses were carried out at the Scientific and Technological
Centres of the Universitat de Barcelona (CCiTUB).

Infrared spectroscopy data was utilized to identify polymers using
the OMNIC Picta software, which accesses fourteen reference libraries,
including the Hummel Polymer Laminate Film and the Georgia State
Crime Lab Sample Library. The match percentage measures the resem-
blance between the plastic spectrum and the item under analysis and
each reference spectrum (the higher the match value, the closer the
obtained spectrum is to the reference spectrum). In case of obtaining two
polymers with the same percentage as a result, the correct one is verified
by selecting different points of the MP for analysis. Once the polymers
corresponding to each MP were identified, the proportion of MPs within
the debris was recalculated. Of the polymers found in the stomachs, only
those that matched the reference spectra by >50 % were accepted, and
those MP that matched the reference spectra between 50 and 70 % were
further evaluated by an experienced researcher. It was decided to choose
this apparently low threshold because the candidate MPs, after having
been previously digested and subjected to various processes, showed a
considerably high rate of impurities in their surfaces.

2.5. Quality assurance/quality control (QA/QC) protocol

A comprehensive QA/QC protocol was rigorously adhered to
throughout the isolation process of plastics, from the initial dissection to
the final extraction from the glass filter. To monitor and mitigate po-
tential environmental contamination with MPs during dissections, an
open Petri dish containing filter paper was kept in place throughout the
process. This dish was replaced after every 10 dissections, with each new
dish properly labelled with the corresponding dissection number.
Additionally, to control potential contamination from MPs potentially
emanating from the heating apparatus, a separate beaker containing

200 mL of water (H₂O) and 50 mL of hydrogen peroxide (H₂O₂) was
positioned within the heating unit. This control beaker was systemati-
cally replaced after every 10 incubation cycles. During the sample
filtration process, an open Petri dish with a filter was consistently used
to correct for potential bias from airborne MPs. This step was conducted
within a positive laminar flow cabinet to further minimize the entry and
exit of airborne contaminants or MPs into the samples. Furthermore,
throughout the period when the glass filter plate was open for the
identification of potential MPs, another Petri dish with an open filter
was actively maintained to measure the concentration of ambient MPs.
This dish was replaced after every 10 samples analysed to ensure
continual accuracy in ambient contamination assessment. These mea-
sures were essential in minimizing contamination and ensuring the
reliability of the study's findings on MP pollution.

2.6. Control correction

The blank samples underwent analysis, and the quantity of MPs
identified and confirmed by μFTIR was as follows: dissection blanks (x‾
= 0.66 particle per control), stove blanks (x‾ = 0.87 particles per con-
trol), and stereomicroscope blanks (x‾ = 1.25 particles per control).

In summary, it was determined that the potential error due to
contamination was 0.95 MPs per 10 samples (0.095 MP per stomach).
Given the small quantity of the control data, the bias was deemed
insignificant and therefore negligible.

2.7. Statistical analyses

To test if the amounts of plastic (Total particles = TP; microplastic
particles = MP and macroplastic particles = MaP) were related to diet,
we carried out generalized linear models (GLMs) with Poisson distri-
bution for count data (O'Hara and Kotze, 2010), through the function
“glm” in the R package “lmerTest” (Kuznetsova et al., 2017). In the case
of the number of MaPs, we corrected for over dispersion of the data by
applying zero-inflated Poisson (ZIP) models to correct for multiple
presence of zero values in the data (Campbell, 2021) through the
function “zeroinfl” in the R package “pscl” (Jackman et al., 2015). Zero
inflated models consist of two parts: (1) a zero inflated model that in-
cludes all values including zeros, which models the probability of

Table 2
Stomach content of yellow-legged gull chicks from the city of Barcelona in 2023.
FO% = frequency of occurrence of each Prey. N% = contribution by number of
each prey in the stomachs.

Prey %FO %N

MARINE PREY 67.86 68.14
Demersal prey 53.57 46.02
Microchirus variegatus 1.79 0.86
Diplodus vulgaris 3.57 1.77
Pagellus acarne 1.79 4.43
Micromesistius poutassou 1.79 1.77
Pomadasys incisus 1.79 1.77
Macrouridae 1.79 0.88
Boops boops 48.21 34.51
Pelagic prey 19.64 13.27
Trachurus sp. 12.5 8.85
Spicara smaris 3.57 1.77
Sparidae 1.79 0.88
Gadiculus argenteus 3.57 1.77
Other marine prey 12.5 7.05
Shell 1.79 0.88
Crustacean marine 10.71 5.31
Bivalve 1.79 0.86
Unidentified fish 3.57 1.77
TERRESTIAL PREY 57.14 30.1
Columba livia 57.14 28.32
Unidentified bird 1.79 0.89
Unidentified mammal 1.79 0.89
GARBAGE 3.57 1.77
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excessive zeros, and a (2) count model that excludes zero values, ac-
counting for non-zero counts (Lambert, 1992; Loeys et al., 2012).

We included the following explanatory variables for plastic abun-
dance: (1) body mass (BM), (2) diet diversity (DD), (3) δ13C values and
(4) δ15N values. To assess the best combinations of predictors affecting

plastic abundance we used a model comparison approach and used AIC
for model selection (Chakrabarti and Ghosh, 2011; Table S2). We
evaluated the goodness of the fit of the model using pseudo-R2 and R2

(Table S3) as recommended for ZIP and GLM models, respectively
(Nakagawa and Schielzeth, 2013). All statistical analyses were

Fig. 3. Diversity in size (A), shape (B), colour (C), and type of polymer (D) of the microplastics (MP) and macroplastics (MaP) found in the stomachs of yellow-legged
gulls chicks sampled in the city of Barcelona in 2023. Other polymers are reported in Table S1. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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performed in RStudio version 4.3.1.

3. Results

3.1. MPs and MaPs

We found MPs in all the 56 stomachs analysed (FO% = 100 %; total
MP items = 258; mean ± standard deviation = 4.61 ± 2.71 MPs/
stomach; median= 4; 95 % CI= 3.8–5.3) and MaPs in 11 (FO%= 19.64
%; total MaPs items = 17; mean ± standard deviation =0.31 ± 0.47
MaPs/stomach; median = 0; 95 % CI = 0.11–0.59) (Table 1).

Regarding MPs, out of the 403 potential MP particles initially
selected, 258 (64.02 %) were confirmed as MPs, while 145 were dis-
carded. Among those confirmed, their size ranged from 0.02 mm to 4.94
mm, with a mean ± standard deviation of 0.62 ± 0.86 mm (Table 2,
Fig. 3A). All the different types of particles were secondaryMPs, but they
were unevenly distributed, with the proportion of fibres (54.65 %) and
fragments (41.47 %) being more abundant than films (3.49 %) or
spheres (0.4 %) (Fig. 3A). The overall colour distribution revealed a
prevalence of blue (36.05 %), red (23.26 %), and purple (12.01 %)
particles (Fig. 3A). Concerning MP polymer type, 22 different classes of
synthetic materials were identified (Figs. 3A and S1). The most abun-
dant polymers were polyethylene terephthalate (PET) (19.15 %), fol-
lowed by cellulose (CEL), cellophane (Cello), and alkyd resins (14.89 %
and 11.7 %, 10.64 % respectively). Other polymers found in the stom-
achs with a frequency below 10 % were polyurethane (PU) adhesive,
urethane alkyd (UA), polyethylene propylenediene (EPDM), poly-
ethylene (PE), poly(acrylonitrile), and polycarbonic acid, Carbonate,
polyethylenemix (PC acid C PEmix).

Regarding MaPs, 39 potential MaP particles were initially detected.
However, only 17 (43.59 %) were confirmed to be plastics. As shown in
Fig. 3B, the most common size range for these MaPs was between 5 and
10 mm (70.59 %) (Fig. 3B). The shape distribution was quite varied,
with fragments being the most prevalent (47.1 %), followed by films
(35.29 %) and fibres (17.65 %). No spheres were found in this study
(Fig. 3B). The most common colours observed were green (29.41 %),
transparent (23.53 %), and black (17.65 %) (Fig. 3B). The most prom-
inent polymers identified were poly(ethylene) (PE) (35.29 %), followed
by poly(dimethylsiloxane) (PDMS), polycarbonic acid‑carbonate-poly-
ethylene (PC-Carbonate-PE), polypropylene (PP) (all with a frequency of
11.76 %). The rest of polymers, all of them with a frequency of 5.88 %,
were poly(ethylene propylenediene) (EPDM), poly(ethylene:vinyl ace-
tate+vinyl chloride) (EVA/PVC), polyamide (PA), polycarbonate resin
(PCR), and PET (Fig. 3B).

3.2. Diet

Based on the stomach content we found that the 68.14 % were ma-
rine prey and 30.1 % were terrestrial prey, and other terrestrial re-
sources, such as garbage and mammals, were found in very small
quantities (Table 2). Bogue (Boops boops) was the main species, followed
by urban birds, almost all of which were pigeons (Columba livia). This
variety in the frequency of occurrence and the total quantification of the
diet is reflected through Shannon's entropy (H(FO) = 2.48; H(N) =

1.59). Stable isotope values of δ13C ranged from − 19.38 to − 23.37
(mean ± standard deviation = − 20.49 ± 0.77), while the δ15N values
ranged from 8.02 to 11.42 (mean ± standard deviation = 9.88 ± 0.59).

3.3. Relationships between plastic and diet

The zero-inflated model showed a significant effect of body mass,
diet diversity and δ13C values on MaP abundance (Fig. 4, Table S4). The
coefficients of the zero-inflated model showed that the abundance of
MaPs in the stomach decreased with increasing body mass and increased
with diet diversity and δ13C values. When zero values were excluded,
δ13C values remained significant for the count data (Table S4). In
contrast, no significant relationships were found between these vari-
ables and the abundance of MPs and total plastics (TP) (Table S4).

4. Discussion

In this study, we examined MP and MaP ingestion by urban gull
chicks in the city of Barcelona. MPs were detected in all gull stomachs,
whereas MaPs were found in fewer cases. This discrepancy may be
explained by the fragmentation of ingested MaPs into smaller particles
through digestion or external physical and mechanical processes unre-
lated to the gulls, eventually transforming into secondary MPs (Cole
et al., 2011). Additionally, gulls, like other seabirds, often regurgitate
indigestible food as pellets, particularly when disturbed (Barrett et al.,
2007; Yorio et al., 2020), but also when adults feed the chicks as in this
case. Thus, the difference in the presence of MPs and MaPs may also be
due to the regurgitation of plastics as indigestible material.

4.1. Plastic characteristics

Blue microfibers ranging from 0.1 to 0.5 mmwere the most abundant
MPs identified, while green and transparent fragments measuring 5 to
10 mm predominated among the MaPs. Several studies (Codina-García
et al., 2013; Taurozzi and Scalici, 2024) on MPs in seabirds have found
that fragments are the most common type of MP in a wide variety of
environments. Taurozzi and Scalici (2024) suggested that the type of MP

Fig. 4. Relationship between number of macroplastics and (A) body mass (g) in logarithmic scale, (B) diet diversity (number of prey) and (C) δ13C values (‰). The
black dots show the individual data, and the red line represents the trend fitted by linear regression. The grey shading around the red line indicates the 95 %
confidence interval of the regression. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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detected might be biased depending on the method used for collection,
being fibres more commonly found when analysing pellets, as their fine
and flexible structure makes them more likely to be regurgitated by
birds. However, our study contradicts this theory, as we found that fibres
were the most common type of MP, despite employing stomach content
analysis. This finding aligns with studies on yellow-legged gulls by
Essoufi et al. (2024) and Lopes et al. (2021).

In terms of colour, the most abundant MPs identified in the present
study were blue and red, while green and transparent were the pre-
dominant colours for MaPs. This characteristic varies considerably
across different studies and does not appear to follow any specific
pattern. However, our results, which indicate that blue is the most
frequent colour, align with the findings of Gago et al. (2018), which
noted that blue microfibers are the most common colour found in
seawater (68 % of the diet had a marine origin). Furthermore, blue is
widely used in various industries, such as textiles. Other studies indicate
a clear predominance of dark MPs, leading to the hypothesis that they
may be mistaken for natural elements present in the foraging areas
exploited by seabirds (Codina-García et al., 2013; Essoufi et al., 2024).
Specifically, as mentioned in Essoufi et al. (2024), the blue colour may
resemble that of the water column, making it likely to be ingested when
mistaken for food or nesting material (Lopes et al., 2020). It is also
important to note that the MPs found could be secondary MPs, originally
larger particles that have fragmented over time.

The most common polymer identified in this study was PET, which is
widely used in the packaging industry, particularly for bottles and
beverages (Nisticò, 2020). Balcells et al. (2023) revealed that the marine
ecosystem close to Barcelona is severely polluted by plastics, particu-
larly wet wipes, with an average concentration of 23.62± 6.49 kg km− 2.
These wipes, often regarded as disposable despite being composed of
PET fibres, are known to obstruct sewage treatment plants and systems.
This obstruction results in the release of contaminated water directly
into the sea without adequate filtration and purification, significantly
contributing to persistent marine pollution from these materials
(Pantoja Munoz et al., 2018; Morritt et al., 2014; Mitchell et al., 2017;
Balcells et al., 2023). This finding may help explain the high concen-
tration of PET fibres and polymers observed in our study. Cellulose and
cellophane were the second and third most abundant polymers after
PET, both of which are considered bioplastics (Steven et al., 2022).
Cellulose, which is widely utilized for commercial purposes, is primarily
sourced from cotton linters and wood pulp (Gilbert, 2017), particularly
within the textile industry. Cellophane, a derivative of cellulose, is the
predominant material used for food wrapping (Paunonen, 2013).

Regarding MaPs, the most prominent polymer identified was PE,
which is the most produced plastic material by volume and has the
highest tonnage among all plastics (Ronca, 2017). Its primary applica-
tions include packaging, films, bottles, bags, toys, and covering house-
hold appliances (Ghaffar et al., 2022). Other studies utilizing gulls as a
model organism, such as those by Almeida et al. (2023, 2024), Martín-
Vélez et al. (2024b) and Navarro et al. (2023), have also identified PE as
the most prevalent polymer, accounting ranges from 45 %, to 70 % of
the samples.

Given the high levels of plastics in the oceans mentioned earlier and
the exposure of these birds to urban waste, this represents a significant
indicator of plastic pollution in their feeding areas. Furthermore, this
issue is particularly pronounced in Barcelona, where plastic pollution is
increasing in urban areas (Galimany et al., 2023). Previous studies have
demonstrated that the presence of plastics is closely related to human
activity, with their abundance significantly increasing near coastal areas
(Franco et al., 2019). Barcelona, a major contributor to plastic pollution
in the Mediterranean (Liubartseva et al., 2018), ranks second among
urban areas with a contribution of 1.8 %. Previous studies have revealed
that 90 % of marine litter in Barcelona consists of plastic, with the city's
port exhibiting the highest plastic density along the Catalan coast
(Llorca et al., 2020; Liubartseva et al., 2018; Balcells et al., 2023). These
findings underscore the significance of proximity in the accumulation of

ocean debris and highlight the urgent need for more effective manage-
ment of waste production and distribution in Barcelona.

4.2. Diet

The diet results indicate that yellow-legged gull chicks, like findings
from the same population during the previous years (Méndez et al.,
2020; Martín-Vélez et al., 2022; Vez-Garzón et al., 2023), were fed with
a wide variety of prey, including both marine and terrestrial resources.
Among specific prey, the most consumed was the fish bogue (N% =

34.51), followed by rock pigeon (N%= 28.32). One of the predictions of
this study was that plastics primarily originate from the sea and coastal
urban areas, which is supported by the dietary patterns we observed.
The relationships between body mass and the abundance of MaPs sug-
gest that the presence of MaPs may adversely affect the health of the
chicks, leading to a decrease body size associated to potential damage
originated by plastics (Charlton-Howard et al., 2023). On one hand, the
correlation between δ13C values and MaPs was positive, suggesting that
a marine origin of the prey (reflected in higher δ13C values, e.g. Diniz-
Reis et al. (2022)) is associated with a higher presence of MaPs.

Regarding diet diversity, the results were consistent with other of our
predictions: higher prey diversity is associated with a greater diversity of
plastics. This suggests that MaPs may enter the food web indirectly
through the consumption of prey with plastics by the adults and then
transferred to chicks (with 80% of the size smaller than 1mm), although
other fraction could be ingested accidentally when foraging. Previous
studies already reported a high prevalence of MPs (fibres and fragments)
in fish bogue B. boops (Garcia-Garin et al., 2019; Tsangaris et al., 2020;
Bottari et al., 2022). However, no significant effects were found for MPs
or total plastics, which was unexpected and may be attributed to a small
sample size. Alternatively, other factors, such as the type of habitat used,
the age of the breeding adults, or their foraging behaviour, which were
not considered in this study, may influence the total amounts of these
variables in gull stomachs.

5. Conclusions

Yellow-legged gull chicks have been confirmed to show a high
prevalence of plastics and can act as potential sentinels of plastics, as
their diet can be utilized to assess plastic pollution in coastal cities,
mainly thanks to their position at the top of the food web, opportunistic
behaviour, and omnivorous diet. Data on the accumulation of plastics in
its stomach reveal the plastic pollution problem in Barcelona, confirm-
ing the yellow-legged gull's efficacy as a bioindicator for measuring
plastic pollution in this urban marine ecosystem. However, the combi-
nation of other indicators (e.g. pellets, stomach content of adults,
pollution sources) along with an increased sample size could be used for
MaPs.

The presence of MPs and MaPs in the stomachs of the chicks could
have harmful effects on their health, including body size reduction. The
relationships observed between δ13C values, the number of prey items,
and MaPs suggest that the gull's diet is associated with the plastics
present in their stomachs, potentially involving indirect ingestion via
contaminated prey. As plastic pollution intensifies in coastal areas, gulls'
exposure to anthropogenic materials correspondingly increases. This
situation underscores the urgent need to reduce and improve waste
management in coastal areas. To enhance understanding, further studies
are needed to explore the origins of plastics and to obtain more repre-
sentative data on the total diet of gulls, as well as to investigate the
accumulation of plastics in these birds.
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