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ABSTRACT 

Improperly disposed anthropogenic litter and fishing material acutely affect wildlife 

species in the terrestrial and aquatic ecosystems. The foraging behaviour of birds makes 

them suitable to monitor changes of anthropogenic litter over time in the environment. The 

general aim of the thesis is to quantify and qualify species-specific changes over time due 

to anthropogenic litter ingestion and fishing gear entanglements. In Chapter 2, the specific 

objective was to test for temporal changes of anthropogenic litter ingestion in aquatic and 

marine birds in southern Portugal. Across the seven years (2014-2020) and out of the four 

bird species (total sample size of 462) analysed, Ciconia ciconia had the highest frequency 

of occurrence (61.1%), followed by Larus fuscus (20.8%), Morus bassanus (20.3%) and 

Larus michahellis (13.4%). In all species, User plastics (plastic category) was the most 

abundant type of material ingested and white/off clear was the predominant ingested 

colour. In Chapter 3, the aim intent was to test for temporal trends in fishing gear 

entanglements in aquatic and marine bird species over a ten year period (2010 - 2019). Of 

the 5843 individuals processed, 256 were affected either by fishing nets, fishing lines with 

or without hook. Phalacrocorax carbo showed a significant decrease in entanglements, 

whereas Morus bassanus showed the opposite pattern. Our findings provided an overview 

on temporal litter ingestion and entanglements on bird species in southern Portugal. 

 

Keywords: Anthropogenic litter, plastic ingestion, fishing gear entanglements, birds, 

Portugal  
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RESUMO 

Uma grande quantidade do plástico produzido todos os dias é descartado inadequadamente 

na forma de lixo antropogénico e material de pesca. Este lixo afeta gravemente as espécies 

na vida selvagem, tanto em ecossistemas terrestres como aquáticos. 

A dispersão do lixo marinho depende de uma ampla gama de aspetos ambientais e 

antrópicos. As atividades humanas estão diretamente ligadas ao lixo plástico. As áreas 

geográficas e as condições sociais devem ser tidas em consideração, uma vez que as regiões 

altamente industrializadas e populosas são as mais afetadas pela poluição de plástico. Desta 

forma, é fundamental entender a extensão desse impacto e de como ele se modifica ao 

longo do tempo. 

Os estudos sobre o impacto do lixo em organismos aquáticos ou de zona costeira têm vindo 

a aumentar e, através da análise do conteúdo estomacal de animais analisados, a quantidade 

e características do lixo ingerido pode ser determinada e monitorizada. O amplo 

comportamento na busca de alimento das aves, torna-as perfeitamente adequadas para 

monitorizar as mudanças ambientais ao longo do tempo.   

No Capítulo 2, o objetivo foi quantificar e qualificar o impacto de lixo antropogénico 

usando a análise multivariada de longo prazo para observar tendências específicas da 

espécie ao longo do tempo em termos de abundância, massa e a cor do material ingerido. 

De um total de 462 aves foram analisadas neste exame, 22.7% ingeriram lixo 

antropogénico. Todas as quatro espécies examinadas foram afetadas pela ingestão de lixo 

antropogénico, predominantemente plástico. A espécie Ciconia ciconia foi a mais afetada 

pela ingestão antropogénica de lixo (61.1%) e ingestão de plástico (55.6%), seguida por 

Larus fuscus (correspondentemente 21.4% e 20.8%), Morus bassanus (22% e 20.3%) e 

Larus michahellis (13.4% e 13.4%), durante um período de sete anos (2014 - 2020). 

As espécies também foram afetadas por itens não plásticos, principalmente vidros. A 

espécie M. bassanus, além disso, ingeriu anzóis de pesca.  

Já a espécie C.ciconia, que geralmente busca alimento em águas rasas interiores ou 

costeiras, apresentou Frequências de ocorrência consistentemente mais altas em 

comparação com as outras três espécies. De qualquer forma, C. ciconia, L. fuscus e M. 

bassanus tiveram um aumento exponencial na ingestão de lixo ao longo dos anos 

(Frequência de ocorrência), bem como um aumento no índice de Abundância. Os 

resultados demonstraram que a abundância e o tipo de plástico ingerido variam 

substancialmente entre as espécies. Os resultados dos testes de PERMANOVA mostraram 
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que os anos tiveram um efeito significativo na abundância e massa de lixo ingerido por L. 

fuscus (abundância, 𝐹142,137 = 2.29, P = 0.04; massa, 𝐹143,138 = 13.51, P = 0.001), um efeito 

significativo na massa de lixo ingerido por L. michahellis (𝐹142,137 = 13.79, P = 0.0001) e 

o lixo ingerido pela espécie C. ciconia mudou ao longo dos anos em termos de abundância 

(𝐹51,45 = 2.2339, P = 0.02). Os “user plastics” (categoria de plástico) prevalecem 

consideravelmente sobre os outros materiais, e o branco / sem cor, foi o preferido como a 

cor dos itens ingeridos por todas as espécies. Independentemente das tendências temporais 

não significativas na análise multivariada, notam-se diferenças pronunciadas entre espécies 

na ingestão de plástico. Métodos padronizados foram usados para facilitar futuras 

comparações. Esta investigação demonstra uma quantidade recorde de existência de lixo 

antropogénico na dieta das espécies examinadas, e que este pode ser encontrado nas áreas 

onde estas espécies se alimentam. 

O Capítulo 3 pretende dar uma visão geral sobre de que forma as espécies de aves 

registadas são afetadas por emaranhados de material de pesca nas regiões sul de Portugal 

(Algarve e Alentejo), entre 2010 e 2019. A intenção é compreender quanto as artes de pesca 

perdidas acidentalmente, ou despejadas ilegalmente, afetam as espécies de aves. O 

emaranhamento de animais é uma das maiores ameaças devido ao lixo plástico. A falta de 

informação e, acima de tudo, a escassez de registos, tornam difícil uma avaliação realista 

das mudanças temporais e espaciais na taxa de emaranhamento. Atualmente, não existe 

informação publicada sobre o enredamento de aves aquáticas em Portugal. A presente tese 

concentrou-se no emaranhamento das artes de pesca em 16 aves aquáticas e marinhas 

durante um período de dez anos (2010-2019). Dos 5.843 indivíduos, 256 foram afetados 

por redes de pesca, linhas de pesca com anzol ingerido ou apenas linhas de pesca. 

Proporcionalmente, as espécies mais afetadas pelos emaranhamentos foram Sterna caspia 

(100%) e Larus marinus com 50%, enquanto as menos afetadas foram Larus audouinii com 

2.4%, seguida por Gallinula chloropus (4.2%) e Phoenicopterus ruber (5.9%). A 

mortalidade por Calidris alpina, Gallinula chloropus, Pluvialis squatarola, Platalea 

leucorodia, Phoenicopterus ruber e Sterna caspia foi de 100%. Foi observada uma 

tendência ao longo do tempo em Phalacrocorax carbo, onde ao longo dos anos, menos 

indivíduos foram afetados por emaranhamentos, enquanto que C. ciconia (valor P: 0.05) e 

M. bassanus (valor P: 0.01) foi encontrado um aumento significativo no número de 

enredamentos ao longo dos anos. Curiosamente, os resultados mostram que as diferentes 

espécies não apresentaram padrões consistentes em termos de percentagem de indivíduos 

afetados pelo emaranhamento, e daqueles que sofrem consequências letais. A espécie P. 
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carbo apresentou uma diminuição ao longo do tempo na frequência de ocorrência e taxa 

de liberação de 58.3%, enquanto M. bassanus apresentou incremento na frequência de 

ocorrência ao longo do tempo, apresentando uma alta taxa de mortalidade (89.7%). Ambas 

as espécies marinhas mostraram resultados distintos, dados por diferenças 

comportamentais, como técnicas de caça. Esses resultados destacam a importância crucial 

das avaliações multiespécies.  

As observações durante este estudo descrevem uma parte real dos emaranhados na região 

examinada. Como o emaranhamento é caracterizado por um conjunto mais estreito de itens 

de plástico, em comparação com a ingestão de plástico, realizam-se ações de mitigação 

mais focadas. À medida que a presença de artes de pesca continua a aumentar nos 

ambientes costeiros e aquáticos, os nossos dados irão fornecer um registo crucial de 

espécies emaranhadas e uma base a partir da qual se levantam tendências a longo prazo no 

emaranhamento de plástico, em particular para programas de monitorização portugueses, 

para os quais os dados são ainda escassos.  

A área de estudo desta investigação é o sul de Portugal, onde a avifauna é dominante 

durante todo o ano, devido à posição geográfica da Península Ibérica. A maior parte das 

aves encontra-se nos sistemas lagunares da Ria Formosa, que lhes fornecem alimento e 

abrigo. O interesse por esta região foi motivado pelo facto de ainda existirem aterros a céu 

aberto nesta área, que é um local turístico durante todo o ano e que é uma área de pesca 

intensiva, pelo que lixo antropogénico é frequente e comummente encontrado.  Este estudo 

forneceu uma visão geral temporal da ingestão de lixo e do emaranhamento de artes de 

pesca em espécies de aves marinhas e aquáticas no sul de Portugal. 

 

Palavras-chave: Lixo antropogênico, ingestão de plástico, emaranhados de artes de pesca, 

aves, Portugal 
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CHAPTER 1: GENERAL INTRODUCTION 

 

Anthropogenic litter pollution is a universal threat that is jeopardising the natural environment 

and the functioning of ecosystems worldwide. Concerns related to the toxicity and the physical 

damage it may cause have increased in the last decades. Anthropogenic pollution exists in all 

states of matters, rendering it difficult to fully grasp the magnitude and the temporal trends of 

its impact. Plastic comprised the most abundant form of anthropogenic litter, it forms up to 95% 

of the waste that accumulates on beaches, ocean surface or seafloor (Galgani et al. 2015; Araújo 

et al. 2018). Scientists estimated 2013 that at least 5.25 trillion plastic fragments, of all sizes, 

could enter the world’s oceans, which amounts to 268,940 tons of plastic particles (Eriksen et 

al. 2014). In particular, 60 to 80% of marine litter is plastic (Derraik 2002; Barnes et al. 2009). 

In 2017,  plastic production reached 348 Million Tonnes (excluding PET-, PA-, and polyacrylic 

-fibres; PlasticsEurope 2018). From 2016 to 2017 the global and the European plastic demand 

increased by 13 and by 4.4 Million Tonnes respectively (PlasticsEurope 2018). 

Plastic litter is differentiated in micro (< 5 mm) and macroplastic (> 5 mm), depending on its 

size. The vast diversity in size and shape allows it to be present across different ecosystems on 

this planet – in the Antarctic oceans (Obbard et al. 2014), in the deep sea (Mariana Trench; 

Chiba et al. 2018), in lakes, sediments, throughout the trophic levels and recently also 

discovered in the human body (Cox et al. 2019). 2013 it was estimated that at least 5.25 trillion 

plastic fragments, of all sizes could be found in the world’s oceans, which amounts to 268,940 

tons of plastic particles (Eriksen et al. 2014). In particular, 60 to 80% of the marine litter is 

plastic (Derraik 2002; Barnes et al. 2009). Still plastic waste accumulation in the sea is 

extremely variable (Lambert and Sinclair 2014; Moore et al. 2009).  

The degradation of plastic in the sea depends on the amount of abiotic factors, such as 

solar heat radiation, wind, waves, water pressure and in deeper areas also on microbial 

communities which promote the degradation of the different polymers (Zettler et al. 2013).  On 

the other hand, the dispersion of such litter relies on an extensive range of environmental and 

anthropogenic aspects. These involve physical forces such as winds, currents and coastline 

profiles (Law et al. 2010) and human activities such as the proximity to the cities, industrialized 

localities and shipping routes (Barnes et al. 2009). Highly industrialized and populated regions 

are the most affected by plastic pollution (Derraik 2002). Land-based plastic pollution is a 

considerable component (80%) of the waste entering the marine ecosystems (Gregory and Ryan 
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1997) while the rest (20%) are discarded fishing gears from fish vessels and cargo ships (Good 

et al. 2010). This lost or discarded fishing equipment, also known as “ghost fishing”, directly 

harm marine ecosystems by impacting fish stocks and benthic environments.  

Plastic is a long-lasting material, and thus has, considerable valuable for the manufacture of 

supply. In the last decades, plastic consumption grew exponentially, reaching 359 million tons 

in 2018 worldwide (Plastics Europe 2019). The amount of produced plastic exceeds the capacity 

of waste management systems to dispose it appropriately or to recycle it (Jambeck et al. 2015). 

Even though the recycling of plastic waste in Europe has doubled since 2006, 25% of “plastic 

post-consumer waste” is still transported to landfills (Plastics Europe 2019). In 1999 the 

Council Directive 1999/31/EC declared the future closure of landfills, however, open landfills 

are still operational and even if well managed they lead to problems such as greenhouse gases, 

leachates and they affect the foraging behaviour of birds (Matejczyk et al. 2011, Council 

Directive 1999). Countries that comply with the requirements of the landfill restrictions 

(Directive 1999/31/EC) have on average a higher recycling rate. The southern, as well as the 

western European countries, have deposited more than 20% of their waste in landfills (Plastics 

Europe  2019).  

Marine mammals, fishes, marine and aquatic birds ingest macro and microplastic. 

Different species, with different migratory and foraging behaviour, show distinct responses and 

impacts on plastic pollution (Tortosa et al. 2002). Ingestion can occur unintentionally, while 

foraging on a prey, or intentionally when material features natural food  (Wilcox et al. 2015; 

Cadée 2002). Seabirds, shorebirds, and coastal terrestrial birds are particularly affected by 

anthropogenic litter (e.g. Laist 1997). Plastics float and accumulate at the surface, therefore 

surface-feeding seabirds tend to ingest more plastic than pursuit-diving birds (O’Hanlon et al. 

2017; Poon et al. 2017a). The number of species affected is indeed rising and it is predicted that 

by 2050, 99% of all seabirds will experience plastic ingestion (Wilcox et al. 2015). Ingestion 

of material can lead to injuries in the form of internal wounds and ulcers and, gastrointestinal 

obstruction, which can be lethal (Puskic et al. 2020). Furthermore, birds carrying plastics in 

their stomach are exposed to potential toxicological effects arising from leachates, contaminants 

that are added during plastic manufacturing (Guo et al. 2020; Roman et al. 2019). 

Plastic litter ingested by birds does not necessarily reflect the abundance of litter in the 

environment; nevertheless, the plastic waste is an accurate intermediary for spatial and temporal 

trends in the abundance and typology of plastic litter (e.g. Van Franeker et al. 2011a; Van 

Franeker and Law 2015).  As a result, monitoring stomach contents across aquatic and marine 

bird species is becoming a relevant way to monitor changes in plastic pollution (Trevail et al. 
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2015). Depending on species and plastic typology, plastic ingestion temporal trends can differ 

greatly (Van Franeker et al. 2011b). Aquatic and marine bird species also incorporate plastic 

litter, mostly coming from fisheries, into their nest, which can lead to ingestion of pieces by 

their juveniles or entanglements of their limbs.  

Fishing gear entanglements mostly cause the death of the animal because fishing gear 

predominantly gets coiled around the limbs which leads to the impossibility of movement and 

therefore to starvation. Occasionally the affected limb is amputated due to the necrosis of the 

tissue and the individual survives in case of good body condition. Fishing gear such as fishing 

lines and ropes are made of durable and very resistant polymers, which can last for decades in 

the water and harm pelagic as well as benthic organism (Laist and Wray 1995). This equipment 

reaches the oceans accidentally by getting lost overboard or illegally by being dumped into the 

water, therefore it is not only found adjacent to the coasts but also as ghost nets in the open 

ocean (Asmus et al. 2000; Laist 1997; Matsuoka et al. 2005). Most entangled seabirds as well 

as seals and turtles are reported to be caught in small fragments of trawl net, gillnet, and 

monofilament line (Laist and Wray 1995).  

 

1.1 Objectives 

 

The general aim of this thesis is to monitor long term changes in plastic ingestion of aquatic 

birds. The study area of this research is southern Portugal, where Avifauna is abudant due to 

the geographical position of the Peninsula. Most of the birds can be found in the Ria Formosa 

lagoon systems, which provide food and shelter. The interest for this region is also given by the 

facts that open landfills can still be found in this area, it is a touristic place all year round and 

that it is a recreational fishing area, therefore marine anthropogenic litter is commonly found in 

the natural environment. The thesis is organized in two papers addressing different objectives 

in the framework of the general aim. Paper 1 (Chapter 2) assesses the impact and changes of 

ingested litter over time, focusing on plastic ingestion in four species over a period of seven 

years (2014 - 2020). Paper 2 (Chapter 3) investigates fishing gear entanglements on 16 bird 

species over a period of ten years (2010-2019). The specific objectives for each paper are 

described below: 

 

(1) Describe the temporal trends of anthropogenic litter ingestion in aquatic and marine birds, 

in southern Portugal. Four bird species with different foraging and migratory behaviours were 



 4 

selected (Ciconia ciconia, Larus michahellis, Larus fuscus and Morus bassanus). Data 

collected in the last seven years (2014-2020) was used. I tested for species-specific differences 

in the frequency of occurrence, abundance and mass index, type of material ingested as well as 

recording the colours of the anthropogenic litter. I used the standardised Van Franeker (2011) 

methodology to allow standardization with other studies and to provide a baseline for future 

comparison. Changes in time, per species, on the type of plastic ingested, can be useful share 

light on the origin of anthropogenic litter and design functional management actions.  

 

(2) Describe temporal trends of fishing gear entanglements in 16 aquatic and marine bird 

species in the south of Portugal, over a period of ten years (2010-2019). For each species the 

proportions, of individuals affected by entanglement and out of these the proportions of those 

being lethally affected was calculated. Consequences of entanglements with fishing lines or 

nets are described. 
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2.1 Abstract 

Anthropogenic litter pollution has drastically and exponentially increased in the environment, 

causing damages in the different ecosystems and impacting wildlife. This has triggered the 

scientific interest on understanding the full magnitude and impact of litter on coastal and aquatic 

organisms. Through stomach analysis, the quantitative and qualitative amount of litter can be 

determined and species-specific changes in litter ingestion can be monitored over time. In this 

study, we examined stomach contents of four different bird species over a period of seven years 

(2014-2020). Of the 462 birds analysed, 22.7% ingested anthropogenic litter. All four species 

examined ingested litter and predominantly plastics. Ciconia ciconia had the highest rate in 

anthropogenic litter (61.1%) and plastic ingestion (55.6%), while Larus michahellis had the 

lowest (13.4% and 1.5% respectively). Despite temporal fluctuations, none of the species 

showed significant trends throughout the studied period. All species predominantly ingested 

litter in white/off clear colour. User plastics was the most common category along all species, 

only Industrial plastics were ingested by Larus fuscus.  

 

Keywords: Anthropogenic litter, plastic ingestion, multivariate analysis, aquatic birds, Portugal 
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2.2 Introduction 

 

Over the last 70 years, anthropogenic litter and in particular that made of plastic has increased 

exponentially and has rapidly emerged as a global threat to biodiversity (Lau et al. 2020). The 

rapid and significant accumulation of  long-lasting material such as plastics has been 

particularly pronounced in marine habitats (Haward 2018). Over the last few years, the 

ubiquitous nature of plastic pollution from coastlines to the open ocean, and from the sea surface 

to the seafloor has been highlighted (Almroth and Eggert 2019). The negative impacts of plastic 

and anthropogenic materials in general extend far beyond aesthetic damage. Mounting evidence 

shows that both the number of taxa affected by litter and the potentially harmful consequences 

have escalated (Jâms et al. 2020). Anthropogenic litter can lead to physical damages and the 

toxicity from additives and contaminants absorbed by plastic debris may significantly influence 

species’ behaviour, physiology and survival (Gall and Thompson 2015). 

Aquatic birds  are especially susceptible to the pervasive and increasing presence of plastic 

materials in the environment due to their high trophic level and extensive foraging ranges 

(Avery-Gomm et al. 2012). Some of the earliest indication of plastic pollution in marine 

organisms were plastic caps, toys and bags ingested by Laysan albatrosses in the 1960s 

(Kenyon and Kridler 1969). Since then, the number of studies stressing the wide range of 

deleterious effects of plastic pollution on aquatic birds has increased vastly (Battisti et al. 2019). 

More than 200 avian species, including seabirds, shorebirds, and coastal terrestrial birds are 

now known to be negatively impacted by anthropogenic waste (e.g. Laist 1997). This number 

continues to grow as more species are investigated; it is predicted that by 2050, 99% of all 

seabirds will experience plastic ingestion (Wilcox et al. 2015). 

Anthropogenic pollution has a wide range of negative effects on aquatic birds, mainly occurring 

through ingestion and entanglement (e.g. (Gall and Thompson 2015; J. Provencher et al. 2017; 

O’Hanlon et al. 2017). Entanglement is mostly passive, when individuals get trapped in lost 

litter materials, such as fishing nets or plastic bags, or it may be active when individuals became 

trapped in anthropogenic items that they collect purposely, for example, to construct their nests 

(Lopes et al. 2020; Ryan 2018). Ingestion can occur inadvertently, while foraging on other prey 

items, or deliberately when materials resemble natural food items (Wilcox et al. 2015; Cadée 

2002). Litter retained within the gut can have direct effects such as dietary dilution causing 

impaired feeding and growth (Ryan 1988), and physical damage in the form of internal wounds 

and ulcers and, gastrointestinal obstruction (Puskic et al. 2020). Further, a growing body of 

evidence shows that birds carrying plastics in their stomach are exposed to potential 
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toxicological effects arising from leaching contaminants that were either added during plastic 

production or absorbed by the plastics' surface from the surrounding environment (Guo et al. 

2020; Roman et al. 2019).   

Critically, litter ingested by birds does not necessarily mirror the abundance of plastic waste as 

well as anthropogenic material in the environment; however, the plastic waste is a reliable proxy 

for spatial and temporal trends in the abundance and typology of plastic litter in the environment 

(e.g. Van Franeker et al. 2011a; Van Franeker and Law 2015). For instance, the Northern 

Fulmar (Fulmarus glacialis), a procellariiform seabird distributed across the North Atlantic and 

Pacific Ocean (Mallory et al. 2006), is used by both OSPAR (Oslo/Paris Convention for the 

Protection of the Marine Environment of the North-East Atlantic) and the European MSFD 

(Marine Strategy Framework Directive) for monitoring spatio-temporal fluctuations of plastic 

waste in the North Sea (OSPAR Commission 2008). 

Although the selection of indicator species is crucial to investigate plastic pollution (Avery-

Gomm et al. 2012; Mallory, Roberston, and Moenting 2006; Provencher et al. 2009; Van 

Franeker et al. 2011b), multispecies monitoring (including non-indicator species) is also a key 

to investigate the pervasiveness of plastic ingestion and to recognize drivers of differences in 

the quantities and qualities of plastic ingested by different species (Richardson et al. 2013; Bond 

et al. 2014b; Roman et al. 2016). For instance, surface-feeding seabirds tend to ingest more 

plastic than pursuit-diving birds because the majority of plastics float and accumulate at the 

surface (O’Hanlon et al. 2017; Poon et al. 2017a). Over the last few years, several multi-species 

investigations have been the key to obtain comprehensive information on marine ecosystem 

health and have highlighted the value of detecting alternative species to use in monitoring 

programmes (Heidi Acampora et al. 2016). As anthropogenic litter in marine and aquatic 

habitats continues to rise globally (Trevail et al. 2015), monitoring stomach  contents across 

aquatic species will be increasingly relevant. Importantly, evidence shows that temporal trends 

of plastic ingestion vary vastly depending on species and plastic typology (Van Franeker et al. 

2011b).   

The south of Portugal is characterized by several lagoons near the coastline some of which are 

areas of high diversity of wildlife and key migration stopover and breeding sites for more than 

a 100 bird species. Only recently, a baseline assessment of the prevalence of plastic litter 

affecting multi-species of aquatic birds in southern Portugal has been described (Nicastro et al. 

2018; Basto et al. 2019). Results shows that the abundance and type of ingested litter varies 

considerably among species. Such information is fundamental for larger syntheses aimed at 

assessing changes through time.  Here, we used data from these baseline studies in combination 
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with new data to assess temporal changes in litter ingestion by multi-species of aquatic birds in 

southern Portugal. Specifically, we examined litter pollution ingestion by white storks (Ciconia 

ciconia), lesser black-backed (Larus fuscus) and yellow-legged gulls (Larus michahellis) and 

northern gannets (Morus bassanus) over a period of 7 years (2014-2020). 

 

 

 2.3 Material and Methods 

2.3.1 Study species  

The white stork (Ciconia ciconia) is globally rated as a less concerned species (IUCN, 2018) 

and its distribution range spans across Europe, the Middle East, North and South Africa (Cramp 

and Simmons 1977). In Europe, two populations occur with distinct migratory routes and 

wintering areas. The occidental population mainly migrates over the Strait of Gibraltar, while 

the oriental population mainly shifts over the Strait of Bósforo and Israel (A. Araújo et al. 1998). 

In Portugal, the majority of the population breeds in the south (A. Araújo et al. 1998). A 

significant decrease in the population was observed between 1950 and 1980 (A. Araújo et al. 

1998). The white stork primarily feeds on insects, larvae, amphibian, reptiles, small mammals, 

annelids and aquatic organisms.  

The lesser black-backed gull (Larus fuscus) is classified as a less vulnerable species, 

however, a population reduction over the years was observed (IUCN, 2018). It is a palearctic 

bird but mostly distributed in the United Kingdom (Hagemeijer et al., 1997). In the Iberian 

Peninsula, this species is commonly found on the Berlengas Archipelago, on the Pessegueiro 

Island and in the Ria Formosa coastal lagoon. In Portugal, it nests in the estuarine zones and 

lagoons, and it is frequently seen on Portugal´s coasts during the winter. The species mainly 

feeds on insects, fish and human rubbish (“Aves — ICNF”, 2020). 

The yellow-legged gull (Larus michahellis) is listed as least concern species (IUCN 

2018); its distribution goes over the Macaronesia Islands and Northwest Africa through the 

Mediterranean. It is a migratory species, but some population are defined as partially migratory. 

The European population is estimated to be high and in expansion in France and the Iberian 

Peninsula. Larus michahellis inhabits coastal as well as inland areas. The yellow-legged gull 

feeds on fish, insects, molluscs, small mammals and dumb rubbish (“Aves — ICNF”, 2020). 

The Northern Gannet (Morus bassanus) is a marine bird recorded as a less vulnerable 

species (IUCN 2018). It is strongly distributed in northern and western Europe, on the east coast 
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of America and Canada and moderate distributed over the Mediterranean area and north-west 

Africa. During the non-breeding phase, it is extensively dispersed southward. The coast of 

mainland Portugal is used by this species as feeding ground and wintering area (Ramírez et al. 

2008). The Northern Gannet is a piscivore and preys on pelagic fish. 

 

2.3.2 Study area 

The lagoon system of Ria Formosa is located in the eastern Algarve and it has been declared 

Ria Formosa Natural Park (PNRF; Amaral 2010). It comprises a total area of about 18400 ha, 

of which about 3600 ha are permanently submerged. It covers an extensive area of habitats - 

marshes, sandbanks and mudflats, dunes, salt flats, lagoons and areas of diverse vegetation.  

The system is known for its high diversity of Avifauna (Amaral 2009b) mainly made up by 

species from the orders Gaviiformes, Podicipediformes, Anseriformes, Gruiformes and 

Charadriiformes, estimating over one hundred species (Farinha and Costa 1999). The wetlands 

are wintering zones of northern species and the migration route of many birds is over this 

lagoon. 

 

2.3.3 Procedure  

Sampling took place between June 2014 and May 2020 and consisted of selected aquatic and 

marine birds that had been brought to the wildlife recovery center RIAS, situated in Olhão 

Portugal, from the region of Algarve and Alentejo. Sampling is based on volunteers and 

therefore was irregular over time and species. The majority of the animals that reached the 

center had diseases or traumas. Birds were either dead at their arrival or were euthanised after 

24 hours. No animals were euthanised for the benefit of the project. A total of 462 individuals 

belonging to four species were used for this study: 53 white storks (C. ciconia), 154 lesser 

black-backed (L. fuscus) and 196 yellow-legged gulls (L. michahellis) and 59 northern gannets 

(M. bassanus). Necropsies were done immediately after death or samples were frozen at - 20°C 

for later dissections. The necropsies followed the Van Franeker dissection method (Van 

Franeker 2004). If available, for each individual, data on age (New-Born, Juvenile, Sub-Adult 

and Adult), gender, body condition and cause of death were registered. Age and gender were 

determined by the stage of the sexual organs, the body condition (0 to 4) was defined by using 

pre-determined dimensions (Pinilla 2000). The stomach content was sieved through a 1mm 

mesh. Inorganic particles were collected and air-dried for two to three days in Petri dishes.  
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Inorganic particles were counted individually and weighted to the nearest 0.0001 g.  (Sartorius 

advantage AW-224 scale). The items were classified in (a) categories (non-plastic items, 

industrial plastics or user plastics, the later further classified in sheet-like, fragment, threadlike, 

foamed,  others; Van Franeker et al. 2011;) and, for all plastic recorded, (b) colour (white/clear, 

grey-silver, black, blue-purple, green, orange-brown, red-pink and yellow; (Provencher et al. 

2017).  

 

2.3.4 Data Analysis 

Data collected for this study (n = 117) were integrated with data from Nicastro et al. (2018; n 

= 153) and Basto et al. (2019; n = 192). Samples from these previous studies were from the 

same region and were treated with the same procedure as described above. The combined 

dataset consisted of 462 dissected individuals over a period of six and a half years (June 2014 

to May 2020). Of the 462 individuals, 105 were affected by litter ingestion (22.73%).   For each 

species and year, percentage frequency of occurrence (% FO) was expressed as the proportion 

of individuals that ingested litter, plastic and non-plastic items, over the total number of 

individuals dissected. Additionally, for each individual that ingested litter, abundance (i.e. total 

number of particles) and total mass were calculated and standardised to the weight of the 

stomach (hereafter referred as abundance or mass index). When the stomach weight was not 

available the average weight of the given stomachs of that species was used instead (n=8 

samples of C. ciconia, average weight 109.46 g; n=11 samples of M. bassanus, average weight 

37.0 g; n=61 samples of L. fuscus, average weight 24.75 g; n=76 samples of L. michahellis, 

average weight 20.78 g). To determine whether there was a correlation between years and either 

abundance index, mass index or %FO, a Spearman´s rank test was used. Each regression was 

run with the complete dataset and with a dataset without outliners. In this case the outliners 

were identified using the Z-score method (Siddharth et al. 2020) in which scores above or below 

3, -3 were excluded.  

 To test for differences in patterns of litter ingestion among years, three data records were used: 

one with litter abundance for each category, one with litter mass for each category, and one 

with litter abundance for each colour category. For each data record, a series of one-way 

multivariate PERMANOVA tests were performed with year of sampling as a fixed factor and 

litter abundance, mass or colours as the dependent variables. Each multivariate analysis was 

run with the complete dataset (results reported in supplementary material) and with datasets 

without outliners. Outliners were identified by assessing the Mahalanobis distance (MD; (Mark 

and Tunnell 1985). The resulting MD were compared to a chi-square distribution, in which the 
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degrees of freedom were equivalent to the number of predictors. The resulting values were 

compared against 0.001, data below this value were defined as outliers (Anderson et al. 2008). 

Each analysis was run with 9999 permutations and using Bray–Curtis dissimilarity matrices for 

square-root transformed multivariate measures. The Monte Carlo P was preferred over the 

permutation P (M. J. Anderson 2006). To visually represent each dataset, a two-dimensional 

non-metric multidimensional scaling (MDS) was plotted. 

For the dataset without outliers pairwise tests were performed (Monte Carlo), when the main 

effect was significant, and permutational analysis of multivariate dispersions test for 

heterogeneity (PERMDISP)  was run to evaluate the variability among years, based on the 

distances to centroids (Anderson 2006). In addition, the SIMPER procedure (Clarke 1993) was 

used to identify the percentage contribution (%) that each variable made to the between-years 

Bray-Curtis dissimilarities and was run with a cut of 50% and only on the dataset without 

outliers. All multivariate analyses were performed using PRIMER 6.1.15 and PERMANOVA+ 

1.0.5 software (PRIMER-E Ltd, 2012). 

 

2.4 Results 

 

Of the total 462 dissected birds, 105 were affected by litter ingestion (22.73%). A total of 551 

ingested items were counted with a total mass of 120.2522 g. 58 items were categorized as Non-

plastic, mainly glass fragments and four fishing hooks. The most impacted species by 

anthropogenic litter was Ciconia ciconia (61.1%; Figure 1A), 55.6% of all individuals 

examined ingested plastic items and 20.4% ingested non-plastic litter (Figure 1A). Of all 

analysed Morus bassanus, individuals 22% were affected by litter ingestion, whereas 20.3% 

were impacted by plastic and 6.8% by non-plastic material (Figure 1B).  Of all examined 

individuals of Larus fuscus, 21.4% were affected by anthropogenic litter, more specific 20.8% 

were affected by plastic litter ingestion and 2.6% by non-plastic (Figure 1C). The evaluated 

Larus michahellis stomachs demonstrated that 13.4% were affected by anthropogenic litter, 

mainly plastic, since the non-plastic percentage was 1.5% (Figure 1D). 
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Figure 2.1: Proportion (%) of birds that ingested anthropogenic litter (total plastic and non-plastic items) for (A) 

Ciconia ciconia (n = 52); (B) Morus bassanus (n = 56); (C) Larus fuscus (n =143); (D) Larus michahellis (n = 

181). 
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L. michahellis was the least impacted species (Figure 2.1 and 2.2). The frequency of litter 

ingestion (%FO) did not significantly increase over the years, nor did the abundance index 

(Figure 2.3), the mass index increased over time, but not significantly (Figure 2.4).  C. ciconia, 

L. fuscus and M. bassanus had an exponential increase in the litter ingestion (%FO) over the 

years (Figure 2.22) as well as an increase in the abundance index (Figure 2.3), but none of them 

were significant. The mass index was not significant for any of the three species, further, a 

decrease in the mass index over time was observed in C. ciconia and M. bassanus.  

 

 

Figure 2.2: Frequency of occurrence (FO%) over the years (June 2014 - May 2020) for Ciconia ciconia, (P = 

0.658, Spearman´s Rho = 0.232), Larus michahellis (P = 0.288, Spearman´s Rho = - 0.522), Larus fuscus (P = 

0.623, Spearman´s Rho = 0.257) and Morus bassanus ( P = 0.6, Spearman´s Rho = 0.4). 
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Figure 2.3: Abundance Index of affected birds over the years; (A) Larus fuscus (B) Larus michahellis, (C) Ciconia 

ciconia and (D) Morus bassanus. Spearman´s Rho and Ps for each species are included. Dataset without outliers. 
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Figure 2.4:  Mass index of affected birds over the years; (A) Larus michahellis, (B) Ciconia Ciconia, (C) Morus 

bassanus and (D) Larus fuscus. Spearman´s Rho and P for each species are included. Dataset without outliers. 

 

 

Results of the PERMANOVA tests showed that years had a significant effect on abundance and 

mass of litter ingested by L. fuscus (without outliers; abundance: 𝐹142,137 = 2.29, P = 0.04;  

mass, 𝐹143,138 = 13.51, P = 0.001; Table S2.1), while colour did not (without outliers; P = 

0.0911). However, PERMDISP was also significant for mass (P = 0.0001) and thus the 

differences observed might be partially explained by the dispersion of the data (Figure 2.5). No 

significant effects were detected with the full dataset (i.e. including outliers, Fig. S2.3). 
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Figure 2.5: Larus fuscus; A two-dimensional non-metric multidimensional scaling (MDS) for (A) abundance, (B) 

colours and (C) mass of the ingested material: Dataset without outliers.  

 

 

For ingested mass (Figure S2.7), Sheetlike contributed the most to the differences observed 

between 2014 and 2015 (pairwise test: P (MC) = 0.0518; SIMPER: 66.67%). Between 2016 

and 2020, Others (pairwise test: P (MC) = 0.0244; SIMPER: 38.86%) and Non-plastic (pairwise 

test: P (MC) = 0.0244; SIMPER: 37.27%) contributed the most to the difference observed. 

Between 2017 and 2020, Others provided the highest contribution to the observed differences 

(pairwise test: P (MC) = 0.0299; SIMPER: 50.00%). Between 2015 and 2020 Non-plastic 

(pairwise test: P (MC) = 0.0202; SIMPER: 37.50%) and Others (pairwise test: P (MC) = 0.0202; 

SIMPER: 34.74%) contributed the most to the differences observed. Between 2019 and 2020, 

Non-plastic contributed the most to the difference observed (pairwise test: P (MC) = 0.0517; 

SIMPER: 51.67%). 

 Years had a significant effect on litter mass ingested by L. michahellis with  

(PERMANOVA; 𝐹193,188 = 5.4062, P = 0.0001; Table S2.1) and without outliers ( 𝐹142,137 =  

= 13.79, P = 0.0001; Table S1). For ingested mass (Figure S2.8), Fragments contributed the 

most to the differences observed between 2014 and 2016 (pairwise test: P (MC) = 0.0001; 

SIMPER: 92.28%), 2014 and 2017 (pairwise test: P (MC) = 0.0003; SIMPER: 100.00%), 2014 

and 2019 (pairwise test: P (MC) = 0.001; SIMPER: 73.48%) and 2014 and 2020 (pairwise test: 

P (MC) = 0.0001; SIMPER: 100.00%). Between 2015 and 2019 Threadlike (pairwise test: P 

(MC) = 0.041; SIMPER: 28.67%) and Sheetlike (pairwise test: P (MC) = 0.041; SIMPER: 

25.27%) contributed the most to the difference observed. Sheetlike contributed the most to the 

difference observed between 2015 and 2016 (pairwise test: P (MC) = 0.0001; SIMPER: 

57.17%), 2015 and 2020 (pairwise test: P (MC) = 0.0134; SIMPER: 61.26%), 2016 and 2017 

(pairwise test: P (MC) = 0.001; SIMPER: 51.79%) and 2016 and 2020 (pairwise test: P (MC) 

= 0.0001; SIMPER: 51.79%). 

PERMDISP for mass was only significant when testing the dataset with outliers (PERMDISP 

P = 0.0399). Years had a significant effect on the litter colour in the data with outliers with no 
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significant difference in the dispersion of the data (𝐹193,188 = 2.3908, P = 0.0454; Table S2.1, 

PERMDISP P = 0.4417). No effect was detected for abundance (P = 0.0922; Table S2.1).  

 
Figure 2.6: Larus michahellis; A two-dimensional non-metric multidimensional scaling (MDS) for (A) abundance, 

(B) colours and (C) mass of the ingested material: Dataset without outliers.  

 

The amount of litter ingested by C. ciconia changed over the years in terms of abundance, both 

in the dataset with ( 𝐹53,43 = 1.997, P = 0.0494; Table S1) and without outliers ( 𝐹51,45 = 2.2339, 

P = 0.02). This was not the case for mass (P = 0.2558; Table S2.1) or colour (P = 0.1234; Table 

S1). For ingested abundance (Figure S2.9), between 2015 and 2017, Others (pairwise test: P 

(MC) = 0.0338; SIMPER: 40.58%) and Fragments (pairwise test: P (MC) = 0.0338; SIMPER: 

34.81%) contributed the most to the difference observed. Between 2015 and 2018 Others and 

Fragments also provided the highest contribution to the observed differences (Other: pairwise 

test: P (MC) = 0.0153; SIMPER: 40.48%; Fragments: pairwise test: P (MC) = 0.0153; SIMPER: 

29.49%). Threadlike contributed the most to the difference observed between 2016 and 2020 

(pairwise test: P (MC) = 0.0225; SIMPER: 45.49%), 2017 and 2020 (pairwise test: P (MC) = 

0.0344; SIMPER: 53.72%) and 2018 and 2020 (pairwise test: P (MC) = 0.0217; SIMPER: 

51.83%).  No significant differences in the dispersion of the data were detected for abundance 

(PERMDISP P = 0.1718 and P = 0.2953 for the full dataset and the dataset without outliers 

respectively). 

 

 
Figure 2.7: Ciconia ciconia; A two-dimensional non-metric multidimensional scaling (MDS) for (A) abundance, 

(B) colours and (C) mass of the ingested material; Dataset without outliers.  
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No changes in abundance (P = 0.2963), mass (P = 0.6389) or colour (P = 0.6734) were observed 

over the years for M. bassanus (Table S2.1).  

 

 
Figure 2.8: Morus bassanus; A two-dimensional non-metric multidimensional scaling (MDS) for (A) abundance, 

(B) colours and (C) mass of the ingested material; Dataset without outliers.  
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2.5 Discussion 

Overall, it was shown that all four species were affected by anthropogenic litter ingestion with 

plastic as the dominant material. Interestingly, despite marked temporal fluctuations in 

the percentage of individuals with litters inside their stomachs, none of the species showed 

significant trends throughout the study period. Similarly, despite the abundance and the mass 

of some specific ingested litter categories changes significantly between years, no significant 

increasing or decreasing trends were observed. 

A temporal study on Fulmars in the Canadian Arctic reported an increment in plastic litter 

entering Arctic waters correlated with the increasing ingestion of plastics by Arctic seabirds 

over time. Therefore, they identified this species as an appropriate species to track the incidence 

of marine litter (Provencher 2009). To better understand the use of anthropogenic material by 

Larus michahellis in the construction of breeding nests in Portugal, a temporal examination of 

nests was done, highlighting that nests in urban areas were highly affected compared to nests 

in natural breeding sites (Lopes et al. 2020). In a temporal multispecies baseline for incidence 

of plastic ingestion, Basto et al. (2019) found evidence of the most common type of plastic and 

most common colour ingested by six bird species, giving a main basis for the understanding of 

their foraging behaviour.  In Scotland, between 1969 and 2007 a low but steady frequency of 

occurrence of plastic ingestion of seabirds was observed (Harris and Wanless 1994; Harris and 

Wanless 2011), whereas in a temporal study over 27 years no significant change was found in 

the proportions of deep- water seabirds that ingested plastic, implying that these species ingest 

plastic at constant ratio regardless of the increasing pollution (Bond et al. 2013). 

Despite non-significant temporal tendencies, we observed pronounced interspecies differences 

in plastic ingestion, confirming previous studies showing that the propensity of a species to 

ingest plastic often varies according to foraging behaviour, foraging range, morphology or diet 

(Richardson et al. 2013; Moser and Lee 1992; Poon et al. 2017; Bond et al. 2014a). 

It has been suggested that, as plastics occur at higher densities in offshore waters  seabirds that 

feed farther offshore may be more vulnerable to plastic ingestion than inshore species 

(Richardson et al. 2013). Contrary to this expectation, in our study, C. ciconia, which generally 

forage inland or in coastal shallow waters, showed consistently higher frequencies of 

occurrence compared to the other three species. Indeed, there is mounting evidence that 

Ciconiidae are becoming increasingly dependent on terrestrial anthropogenic food resources. 

Although our data do not allow to establish if the relatively larger mass and abundance of plastic 

items found in stomachs of storks originated from human-related environments, numerous 

recent studies have described the growing use of agricultural areas and landfill sites by 
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European white storks (N. I. Gilbert et al. 2016). For instance, in Spain, rubbish dumps are the 

major food source for storks, contributing nearly 70% of their diets and a year-round availability 

of foraging resources on landfill, which compensates for seasonal declines in natural food 

availability (Tortosa et al. 2002). 

Exploitation of landfill sites has marked behaviour and fitness (N. I. Gilbert et al. 2016; Peris 

2003). For instance, breeding success has improved mainly due to a reduced mortality in first-

year birds (Gilbert et al. 2016). Similarly, in northern Algeria, C. ciconia breeding colonies 

exploiting landfill sites display increases in egg volume and hatching mass (Djerdali et al. 

2016). The continuous and abundant food resources from rubbish dumps also affected white 

storks’ home ranges and migratory patterns eventually enabling the establishment of resident 

individuals in a formerly wholly migratory species (Blanco 1996; Tortosa et al. 2002). Most 

importantly, significant population demography changes have also been observed; over the last 

twenty years, the breeding population of the white stork has increased significantly in Iberia, 

with the number of overwintering white storks rising by an order of magnitude (Rosa et al. 

2009).  

In addition to feeding strategies, for how long ingested litter is retained in the bird’s 

digestive tract may be responsible for large interspecific differences. For instance, gull species 

regurgitate large amounts of the debris ingested, thus the assessment of stomach contents is 

only a snapshot of ingestion. Thus, while they may still be exposed to chemical contaminants 

from ingested litter, retention times are likely to be comparatively shorter than those of storks, 

explaining the interspecific differences observed in this study.  

Importantly, retention time of plastics is also largely influenced by numerous other factors such 

as the size or shape of an ingested item, material/polymer type, and the presence of previously 

ingested natural items. Retention times of plastic ingestion in marine wildlife remain largely 

unknown, however, evidence shows that microplastics pass through the intestines of marine 

megafauna relatively quickly, with significantly shorter retention times compared to larger 

pieces, that must be broken down before being expelled. Moreover, previous studies have 

shown that large and softer plastic items such as latex balloon fragments, bags and foam can 

reside in the gut of marine wildlife for several months. Results reported here confirm previous 

findings by showing that C. ciconia by highlighting a remarkably high occurrence of silicones, 

mostly in the form of warm coloured rubber bands and elastics. It has been suggested that storks 

are particularly exposed to such items because their colour, shape and softness mimic 

Lumbricidae, a main component of their diet (e.g., Sazima and D’angelo 2015). 



 30 

The propensity for worm-like debris in C. ciconia, together with different feeding ranges and 

retention times, lead to the overall higher mass of ingested litter compared to the other species 

studied here. 

The ingestions of User plastics were substantially prevailing over the other materials ingested. 

The exposure is given by the facilitated entrance of these materials into the ecosystems directly 

from landfills (UNEP et al. 2016), and so far, one-third of plastic litter produced in Portugal 

gets into open landfills (PlasticsEurope 2018), which consequently is a direct food resource for 

aquatic birds.  

Older studies assessed that seabirds were not severely affected by plastic ingestion (Furness 

1985; Ryan 1987; Ryan and Jackson 1987; Moser and Lee 1992), however an increase in 

seabird species and a growth in the frequency of occurrence was observed over time (Robards 

et al. 1995; Wilcox et al. 2015). The mortality rate in seabirds is difficult to be associated with 

plastic ingestion, because most of the animals suffer from obstruction and die indirectly due to 

starvation (Pierce et al. 2004). The northern gannet is found in diverse recent examinations, 

were the outcomes exemplify the results of this study with relatively high frequencies of plastic 

ingestion, as reported in a study conducted in Ireland by Acampora et al. (2016) where 32% 

were affected. Codina-García et al. (2013) reported an intermediate incidence of plastic 

ingestion (13%) in Morus bassanus species examined in the Mediterranean Sea. Current studies 

effected in southern Portugal, as this examination, showed relatively low frequency of 

occurrence or none (Basto et al. 2019; Nicastro et al. 2018), anyhow the samples of these two 

examinations were integrated into this study, which demonstrated the exposure of M. bassanus 

to plastic ingestion, indicating the importance of increasing temporal analysis. 

Our research shows a solid record of the existence of anthropogenic litter in the diet of the 

examined species and the results suggest that the ingested materials might be found in the 

enclosing foraging areas (Ryan and Moloney 1990). Multispecies surveys to analyse plastic 

ingestion have been increasing in the last years and will further rise, given that new species and 

regions are increasingly affected by marine plastic pollution.  

Forthcoming research should compare anthropogenic material ingested by birds with the 

surrounding (Spear et al. 1995; Acampora et al.2015), and engage in long-term monitoring of 

plastic ingestion by aquatic birds, applying standardized methods (Van Franeker et al. 2011a), 

because only by adopting this strategy, data can be compared crosswise spatial and temporal 

range.  

We are facing a substantial change in the environment due to anthropogenic actions, of which 

plastic pollution and anthropogenic litter have been described as major threats. Thus, this study 
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provides a crucial initial temporal assessment aimed at understanding how increases in this 

form of pollution affects wildlife overtime.   



 32 

2.6 References 

 

Acampora, H, QA Schuyler, … KA Townsend - Marine pollution, and undefined 2014. n.d. 

“Comparing Plastic Ingestion in Juvenile and Adult Stranded Short-Tailed Shearwaters 

(Puffinus Tenuirostris) in Eastern Australia.” Elsevier. 

 

Acampora, Heidi, Olga Lyashevska, Jan Andries, Van Franeker, and Ian O’connor. 2016. “The 

Use of Beached Bird Surveys for Marine Plastic Litter Monitoring in Ireland.” 

https://doi.org/10.1016/j.marenvres.2016.08.002. 

 

Almroth, Carney Bethanie, and Håkan Eggert. 2019. “Marine Plastic Pollution: Sources, 

Impacts, and Policy Issues.” Review of Environmental Economics and Policy 13 (2): 317–

26. https://doi.org/10.1093/reep/rez012. 

 

Amaral, Samuel David da Silva. 2009a. “A Avifauna Como Meio de Valorização Turística Da 

Ria Formosa - Faro.” no. November. https://doi.org/10.13140/2.1.2859.8726. 

 

Anderson, M, R, Gorley, and KP Clarke. 2008. “For PRIMER: Guide to Software and Statistical 

Methods. PRIMER-E, Plymouth, UK,” 2008. 

 

Anderson, Marti J. 2006. “Distance-Based Tests for Homogeneity of Multivariate Dispersions.” 

Biometrics 62 (1): 245–53. https://doi.org/10.1111/j.1541-0420.2005.00440.x. 

 

Araújo, A, GL Elias, LM Reino, and T Silva. 1998. “Cegonha Branca Ciconia Ciconia.” Atlas 

Das Aves Invernantes Do Baixo Alentejo. Sociedade Portuguesa Para o Estudo Das Aves., 

82–83. 

 

Araújo, Maria C. B., Jacqueline S. Silva-Cavalcanti, and Monica F. Costa. 2018. 

“Anthropogenic Litter on Beaches With Different Levels of Development and Use: A 

Snapshot of a Coast in Pernambuco (Brazil).” Frontiers in Marine Science 5 (JUL): 233. 

https://doi.org/10.3389/fmars.2018.00233. 

 

Asmus, Ragnhild, Alfred Wegener, and Harald Asmus. 2000. “Nutrient Fluxes in Intertidal 

Communities of a South European Lagoon (Ria Formosa)-Similarities and Differences 

with a Northern Wadden Sea Bay (Sylt-Rømø Bay) Influence of Disturbances on the 

Functional Integrity of Tropical Seagrass Meadows and Their Material and Organism 

Exchange with Neighboring Coral Reefs View Project STopP-Synthesis View Project.” 

https://doi.org/10.1023/A:1026542621512. 

 

Avery-Gomm, Stephanie, Patrick D. O’Hara, Lydia Kleine, Victoria Bowes, Laurie K. Wilson, 

and Karen L. Barry. 2012. “Northern Fulmars as Biological Monitors of Trends of Plastic 

Pollution in the Eastern North Pacific.” Marine Pollution Bulletin 64 (9): 1776–81. 

https://doi.org/10.1016/j.marpolbul.2012.04.017. 

 

“Aves — ICNF.” n.d. Accessed May 8, 2020. 

http://www2.icnf.pt/portal/pn/biodiversidade/patrinatur/lvv/lista-aves. 

 

Barnes, David K.A., Francois Galgani, Richard C Thompson, and Morton Barlaz. 2009. 

“Accumulation and Fragmentation of Plastic Debris in Global Environments.” 

Philosophical Transactions of the Royal Society B: Biological Sciences 364 (1526): 1985–



 33 

98. https://doi.org/10.1098/rstb.2008.0205. 

 

Basto, Marta N, Katy R Nicastro, Ana I Tavares, Christopher D Mcquaid, María Casero, Fábia 

Azevedo, and Gerardo I Zardi. 2019. “Plastic Ingestion in Aquatic Birds in Portugal.” 

Marine Pollution Bulletin 138 (November 2018): 19–24. 

https://doi.org/10.1016/j.marpolbul.2018.11.024. 

 

Battisti, Corrado. 2020. “Heterogeneous Composition of Anthropogenic Litter Recorded in 

Nests of Yellow-Legged Gull (Larus Michahellis) from a Small Mediterranean Island.” 

Marine Pollution Bulletin 150 (January). 

https://doi.org/10.1016/j.marpolbul.2019.110682. 

 

Battisti, Corrado, Eleonora Staffieri, Gianluca Poeta, Alberto Sorace, Luca Luiselli, and 

Giovanni Amori. 2019. “Interactions between Anthropogenic Litter and Birds: A Global 

Review with a ‘Black-List’ of Species.” Marine Pollution Bulletin 138 (September 2018): 

93–114. https://doi.org/10.1016/j.marpolbul.2018.11.017. 

 

Belant, Jerrold L., Sheri K. Ickes, and Thomas W. Seamans. 1998. “Importance of Landfills to 

Urban-Nesting Herring and Ring-Billed Gulls.” Landscape and Urban Planning 43 (1–3): 

11–19. https://doi.org/10.1016/S0169-2046(98)00100-5. 

 

Blanco, Guillermo. 1996. “Population Dynamics and Communal Roosting of White Storks 

Foraging at a Spanish Refuse Dump.” Waterbirds 19 (2): 273–76. 

https://doi.org/10.2307/1521871. 

 

Bond, Alexander L., Jennifer F. Provencher, Pierre Yves Daoust, and Zoe N. Lucas. 2014a. 

“Plastic Ingestion by Fulmars and Shearwaters at Sable Island, Nova Scotia, Canada.” 

Marine Pollution Bulletin. https://doi.org/10.1016/j.marpolbul.2014.08.010. 

 

Bond, Alexander L, William A Montevecchi, Nils Guse, Paul M Regular, and Stefan Garthe. 

2012. “Prevalence and Composition of Fishing Gear Debris in the Nests of Northern 

Gannets ( Morus Bassanus ) Are Related to Fishing Effort” 64: 907–11. 

https://doi.org/10.1016/j.marpolbul.2012.03.011. 

 

Bond, Alexander L, Jennifer F Provencher, Pierre-yves Daoust, and Zoe N Lucas. 2014b. 

“Plastic Ingestion by Fulmars and Shearwaters at Sable Island , Nova Scotia , Canada” 87: 

68–75. https://doi.org/10.1016/j.marpolbul.2014.08.010. 

 

Bond, Alexander L, Jennifer F Provencher, Richard D Elliot, Pierre C Ryan, Sherrylynn Rowe, 

Ian L Jones, Gregory J Robertson, and Sabina I Wilhelm. 2013. “Ingestion of Plastic 

Marine Debris by Common and Thick-Billed Murres in the Northwestern Atlantic from 

1985 to 2012.” Marine Pollution Bulletin 77 (1–2): 192–95. 

https://doi.org/10.1016/j.marpolbul.2013.10.005. 

 

Cadée, Gerhard C. 2002. “Seabirds and Floating Plastic Debris.” Marine Pollution Bulletin 44 

(11): 1294–95. https://doi.org/10.1016/S0025-326X(02)00264-3. 

 

Chiba, Sanae, Hideaki Saito, Ruth Fletcher, Takayuki Yogi, Makino Kayo, Shin Miyagi, 

Moritaka Ogido, and Katsunori Fujikura. 2018. “Human Footprint in the Abyss: 30 Year 

Records of Deep-Sea Plastic Debris.” Marine Policy. 

https://doi.org/10.1016/j.marpol.2018.03.022. 



 34 

Clarke, K. R. 1993. “Non‐parametric Multivariate Analyses of Changes in Community 

Structure.” Australian Journal of Ecology 18 (1): 117–43. https://doi.org/10.1111/j.1442-

9993.1993.tb00438.x. 

 

Codina-García, Marina, Teresa Militão, Javier Moreno, and Jacob González-Solís. 2013. 

“Plastic Debris in Mediterranean Seabirds.” Marine Pollution Bulletin 77 (1–2): 220–26. 

https://doi.org/10.1016/j.marpolbul.2013.10.002. 

 

Cox, Kieran D., Garth A. Covernton, Hailey L. Davies, John F. Dower, Francis Juanes, and 

Sarah E. Dudas. 2019. “Human Consumption of Microplastics.” Environmental Science 

and Technology 53 (12): 7068–74. https://doi.org/10.1021/acs.est.9b01517. 

 

Cramp, S, and K Simmons. 1977. “The Birds of the Western Palearctic (Edited by Cramp S. 

and Simmons K. EL), Vol. I.” 

 

Derraik, José G.B. 2002. “The Pollution of the Marine Environment by Plastic Debris: A 

Review.” Marine Pollution Bulletin. https://doi.org/10.1016/S0025-326X(02)00220-5. 

 

Djerdali, Sofia, José Guerrero-Casado, and Francisco S. Tortosa. 2016. “Food from Dumps 

Increases the Reproductive Value of Last Laid Eggs in the White Stork Ciconia Ciconia.” 

Bird Study 63 (1): 107–14. https://doi.org/10.1080/00063657.2015.1135305. 

 

Eriksen, Marcus, Laurent C.M. Lebreton, Henry S. Carson, Martin Thiel, Charles J. Moore, 

Jose C. Borerro, Francois Galgani, Peter G. Ryan, and Julia Reisser. 2014. “Plastic 

Pollution in the World’s Oceans: More than 5 Trillion Plastic Pieces Weighing over 

250,000 Tons Afloat at Sea.” PLoS ONE 9 (12): 1–15. 

https://doi.org/10.1371/journal.pone.0111913. 

 

Farinha, JC, and H Costa. 1999. “Aves Aquáticas de Portugal-Guia de Campo.” 

 

Franeker, Jan A. Van. 2004. “Save the North Sea Fulmar-Litter-EcoQO Manual Part 1: 

Collection and Dissection Procedures.” 

 

Franeker, Jan A. Van, Christine Blaize, Johannis Danielsen, Keith Fairclough, Jane Gollan, Nils 

Guse, Poul Lindhard Hansen, et al. 2011a. “Monitoring Plastic Ingestion by the Northern 

Fulmar Fulmarus Glacialis in the North Sea.” Environmental Pollution 159 (10): 2609–

15. https://doi.org/10.1016/j.envpol.2011.06.008. 

 

Franeker, Jan A. Van, and Kara Lavender Law. 2015. “Seabirds, Gyres and Global Trends in 

Plastic Pollution.” Environmental Pollution 203: 89–96. 

https://doi.org/10.1016/j.envpol.2015.02.034. 

 

Furness, Robert W. 1985. “Ingestion of Plastic Particles by Seabirds at Gough Island, South 

Atlantic Ocean.” Environmental Pollution. Series A, Ecological and Biological 38 (3): 

261–72. https://doi.org/10.1016/0143-1471(85)90131-X. 

 

Galgani, François, Georg Hanke, and Thomas Maes. 2015. “Global Distribution, Composition 

and Abundance of Marine Litter.” In Marine Anthropogenic Litter, 29–56. Springer 

International Publishing. https://doi.org/10.1007/978-3-319-16510-3_2. 

 

 



 35 

Gall, S. C., and R. C. Thompson. 2015. “The Impact of Debris on Marine Life.” Marine 

Pollution Bulletin 92 (1–2): 170–79. https://doi.org/10.1016/j.marpolbul.2014.12.041. 

 

Gilbert, Jann, Amanda Reichelt-brushett, Alison Bowling, and Les Christidis. 2016. “Plastic 

Ingestion in Marine and Coastal Bird Species of Southeastern Australia PLASTIC 

INGESTION IN MARINE AND COASTAL BIRD SPECIES OF SOUTHEASTERN 

AUSTRALIA,” no. February. 

 

Gilbert, Nathalie I., Ricardo A. Correia, João Paulo Silva, Carlos Pacheco, Inês Catry, Philip 

W. Atkinson, Jenny A. Gill, and Aldina M. A. Franco. 2016. “Are White Storks Addicted 

to Junk Food? Impacts of Landfill Use on the Movement and Behaviour of Resident White 

Storks (Ciconia Ciconia) from a Partially Migratory Population.” Movement Ecology 4 

(1): 7. https://doi.org/10.1186/s40462-016-0070-0. 

 

Good, TP, JA June, MA Etnier, G Broadhurst - Marine Pollution Bulletin, and undefined 2010. 

n.d. “Derelict Fishing Nets in Puget Sound and the Northwest Straits: Patterns and Threats 

to Marine Fauna.” Elsevier. 

 

Gregory, M. R., and P. G. Ryan. 1997. “Pelagic Plastics and Other Seaborne Persistent 

Synthetic Debris: A Review of Southern Hemisphere Perspectives.” In , 49–66. Springer, 

New York, NY. https://doi.org/10.1007/978-1-4613-8486-1_6. 

 

Grémillet, D., G. Argentin, B. Schulte, and B. M. Culik. 1998. “Flexible Foraging Techniques 

in Breeding Cormorants Phalacrocorax Carbo and Shags Phalacrocorax Aristotelis: 

Benthic or Pelagic Feeding?” Ibis 140 (1): 113–19. https://doi.org/10.1111/j.1474-

919x.1998.tb04547.x. 

 

Guo, Huiying, Xiaobo Zheng, Xiaojun Luo, and Bixian Mai. 2020. “Leaching of Brominated 

Flame Retardants ( BFRs ) from BFRs-Incorporated Plastics in Digestive Fluids and the 

Influence of Bird Diets” 393 (January). https://doi.org/10.1016/j.jhazmat.2020.122397. 

 

Hagemeijer, WJM, MJ Blair, C Van Turnhout, J Bekhuis, S Gillings, R Bijlsma, and P London. 

n.d. “The EBCC Atlas of European Breeding Birds: Their Distribution and Abundance.” 

 

Hamer, KC, EA Schreiber, and J Burger. 2001. “Breeding Biology, Life Histories, and Life 

History-Environment Interactions in Seabirds.” Biology of Marine Birds, 217–61. 

 

Hammer, S, R G Nager, P C D Johnson, R W Furness, and J F Provencher. 2016. “Plastic Debris 

in Great Skua ( Stercorarius Skua ) Pellets Corresponds to Seabird Prey Species.” Marine 

Pollution Bulletin 103 (1–2): 206–10. https://doi.org/10.1016/j.marpolbul.2015.12.018. 

 

Harris, MP, S Wanless - Marine Pollution Bulletin, and undefined 1994. n.d. “Ingested Elastic 

and Other Artifacts Found in Puffins in Britain over a 24-Year Period.” Pergamon. 

 

Harris, MP, and S Wanless. 2011. “The Puffin.” 

 

Haward, Marcus. 2018. “Plastic Pollution of the World’s Seas and Oceans as a Contemporary 

Challenge in Ocean Governance.” Nature Communications 9 (1): 9–11. 

https://doi.org/10.1038/s41467-018-03104-3. 

 

 



 36 

IUCN. 2018. “The IUCN Red List of Threatened Species.” IUCN. IUCN Global Species 

Programme Red List Unit. 2018. 

 

Jagiello, Zuzanna A., Łukasz Dylewski, Dominika Winiarska, Katarzyna M. Zolnierowicz, and 

Marcin Tobolka. 2018. “Factors Determining the Occurrence of Anthropogenic Materials 

in Nests of the White Stork Ciconia Ciconia.” Environmental Science and Pollution 

Research 25 (15): 14726–33. https://doi.org/10.1007/s11356-018-1626-x. 

 

Jagiello, Zuzanna, Łukasz Dylewski, Marcin Tobolka, and José I. Aguirre. 2019. “Life in a 

Polluted World: A Global Review of Anthropogenic Materials in Bird Nests.” 

Environmental Pollution. https://doi.org/10.1016/j.envpol.2019.05.028. 

 

Jambeck, Jenna R., Roland Geyer, Chris Wilcox, Theodore R. Siegler, Miriam Perryman, 

Anthony Andrady, Ramani Narayan, and Kara Lavender Law. 2015. “Plastic Waste Inputs 

from Land into the Ocean.” Science 347 (6223): 768–71. 

https://doi.org/10.1126/science.1260352. 

 

Jâms, Ifan B., Fredric M. Windsor, Thomas Poudevigne-Durance, Steve J. Ormerod, and 

Isabelle Durance. 2020. “Estimating the Size Distribution of Plastics Ingested by 

Animals.” Nature Communications 11 (1): 1–7. https://doi.org/10.1038/s41467-020-

15406-6. 

 

Kenyon, Karl W., and Eugene Kridler. 1969. “Laysan Albatrosses Swallow Indigestible 

Matter.” The Auk 86 (2): 339–43. https://doi.org/10.2307/4083505. 

 

Kühn, Susanne, Elisa L. Bravo Rebolledo, and Jan A. Van Franeker. 2015. “Deleterious Effects 

of Litter on Marine Life.” In Marine Anthropogenic Litter, 75–116. Springer International 

Publishing. https://doi.org/10.1007/978-3-319-16510-3_4. 

 

Kwieciński, Zbigniew, Piotr Tryjanowski, and Leszek Jerzak. 2015. “Plastic Strings as the 

Cause of Leg Bone Degeneration in the White Stork ( Ciconia Ciconia ).” White Stork 

Study in Poland: Biology, Ecology and Conservation, no. May. 

 

Laist, David W. 1997. “Impacts of Marine Debris: Entanglement of Marine Life in Marine 

Debris Including a Comprehensive List of Species with Entanglement and IngestiOn 

Records.” https://doi.org/10.1007/978-1-4613-8486-1_10. 

 

Laist, DW. 1987. “Overview of the Biological Effects of Lost and Discarded Plastic Debris in 

the Marine Environment.” Elsevier, 319–26. 

 

Laist, DW, and T Wray. 1995. “Marine Debris Entanglement and Ghost Fishing: A Cryptic and 

Significant Type of Bycatch.” 

 

Lau, W W Y, Y Shiran, R M Bailey, E Cook, M R Stuchtey, J Koskella, C A Velis, et al. 2020. 

“Evaluating Scenarios toward Zero Plastic Pollution.” Science 21 (1): 1–9. 

 

Law, KL, S Morét-Ferguson, … NA Maximenko -, and undefined 2010. n.d. “Plastic 

Accumulation in the North Atlantic Subtropical Gyre.” Science.Sciencemag.Org. 

 

 

 



 37 

Lopes, Catarina S., Joana Pais de Faria, Vitor H. Paiva, and Jaime A. Ramos. 2020. 

“Characterization of Anthropogenic Materials on Yellow-Legged Gull (Larus 

Michahellis) Nests Breeding in Natural and Urban Sites along the Coast of Portugal.” 

Environmental Science and Pollution Research, 36954–69. 

https://doi.org/10.1007/s11356-020-09651-x. 

 

Mallory, Mark L., Gregory J. Roberston, and Alissa Moenting. 2006. “Marine Plastic Debris in 

Northern Fulmars from Davis Strait, Nunavut, Canada.” Marine Pollution Bulletin 52 (7): 

813–15. https://doi.org/10.1016/j.marpolbul.2006.04.005. 

 

Mark, Howard L., and David Tunnell. 1985. “Qualitative Near-Infrared Reflectance Analysis 

Using Mahalanobis Distances.” Analytical Chemistry 57 (7): 1449–56. 

https://doi.org/10.1021/ac00284a061. 

 

MARTIN, GRAHAM R., CRAIG R. WHITE, and PATRICK J. BUTLER. 2008. “Vision and 

the Foraging Technique of Great Cormorants Phalacrocorax Carbo: Pursuit or Close-

Quarter Foraging?” Ibis 150 (3): 485–94. https://doi.org/10.1111/j.1474-

919X.2008.00808.x. 

 

Matsuoka, Tatsuro, Toshiko Nakashima, and Naoki Nagasawa. 2005. “A Review of Ghost 

Fishing: Scientific Approaches to Evaluation and Solutions.” Fisheries Science 71 (4): 

691–702. https://doi.org/10.1111/j.1444-2906.2005.01019.x. 

 

McIntosh, Rebecca R., Roger Kirkwood, Duncan R. Sutherland, and Peter Dann. 2015. 

“Drivers and Annual Estimates of Marine Wildlife Entanglement Rates: A Long-Term 

Case Study with Australian Fur Seals.” Marine Pollution Bulletin 101 (2): 716–25. 

https://doi.org/10.1016/j.marpolbul.2015.10.007. 

 

Montevecchi, W A. 1991. “Incidence and Types of Plastic in Gannets’ Nests in the Northwest 

Atlantic Environmental Assessment View Project Incidence and Types of Plastic in 

Gannets’ Nests in the Northwest Atlantic.” Article in Canadian Journal of Zoology 69 (2): 

295–97. https://doi.org/10.1139/z91-047. 

 

Moore, Charles James, Jan Andries, Van Franeker, Coleen Moloney, Peter G Ryan, Charles J 

Moore, Jan A Van Franeker, and Coleen L Moloney. 2009. “Monitoring the Abundance 

of Plastic Debris in the Marine Environment.” https://doi.org/10.1098/rstb.2008.0207. 

 

Moser, Mary L., and David S. Lee. 1992. “A Fourteen-Year Survey of Plastic Ingestion by 

Western North Atlantic Seabirds.” Colonial Waterbirds 15 (1): 83. 

https://doi.org/10.2307/1521357. 

 

Nicastro, Katy R, Roberto Lo Savio, Christopher D Mcquaid, Pedro Madeira, Ugo Valbusa, 

Fábia Azevedo, Maria Casero, Carla Lourenço, and Gerardo I Zardi. 2018. “Plastic 

Ingestion in Aquatic-Associated Bird Species in Southern Portugal.” Marine Pollution 

Bulletin 126 (November 2017): 413–18. https://doi.org/10.1016/j.marpolbul.2017.11.050. 

 

O’Hanlon, Nina J., Neil A. James, Elizabeth A. Masden, and Alexander L. Bond. 2017. 

“Seabirds and Marine Plastic Debris in the Northeastern Atlantic: A Synthesis and 

Recommendations for Monitoring and Research.” Environmental Pollution. 

https://doi.org/10.1016/j.envpol.2017.08.101. 

 



 38 

Obbard, Rachel W., Saeed Sadri, Ying Qi Wong, Alexandra A. Khitun, Ian Baker, and Richard 

C. Thompson. 2014. “Global Warming Releases Microplastic Legacy Frozen in Arctic Sea 

Ice.” Earth’s Future 2 (6): 315–20. https://doi.org/10.1002/2014ef000240. 

 

OSPAR Commission. 2008. “Background Document for the EcoQO on Plastic Particles in 

Stomachs of Seabirds.” Biodiversity Series. Publication 355. 

 

Peris, Salvador J. 2003. “Feeding in Urban Refuse Dumps: Ingestion of Plastic Objects by the 

White Stork (Ciconia Ciconia).” Ardeola 50 (1): 81–84. 

 

Pierce, Kathryn E, Rebecca J Harris, Lela S Larned, Mark A Pokras, Tufts Cummings, 

Veterinary Medicine, Westboro Road, and North Grafton. 2004. “Obstruction and 

Starvation Associated with Plastic Ingestion in a Northern Gannet Morus Bassanus and a 

Greater Shearwater Puffinus Gravis” 189 (April): 187–89. 

 

Pinilla, Jesús. 2000. “Manual Para El Anillamiento Científico de Aves.” 

 

Plastics Europe, Group Market Research, and Conversio Market & Strategy GmbH. 2019. 

“Plastics - the Facts 2019.” 

 

PlasticsEurope. 2018. “Plastics – the Facts.” Plastics – the Facts 2018, 38. 

 

Poon, Florence E., Jennifer F. Provencher, Mark L. Mallory, Birgit M. Braune, and Paul A. 

Smith. 2017a. “Levels of Ingested Debris Vary across Species in Canadian Arctic 

Seabirds.” Marine Pollution Bulletin 116 (1–2). 

https://doi.org/10.1016/j.marpolbul.2016.11.051. 

 

Provencher, Jennifer F., Alexander L. Bond, Stephanie Avery-Gomm, Stephanie B. Borrelle, 

Elisa L. Bravo Rebolledo, Sjúrur Hammer, Susanne Kühn, et al. 2017. “Quantifying 

Ingested Debris in Marine Megafauna: A Review and Recommendations for 

Standardization.” Analytical Methods. Royal Society of Chemistry. 

https://doi.org/10.1039/c6ay02419j. 

 

Provencher, Jennifer F., Alexander L. Bond, and Mark L. Mallory. 2015. “Marine Birds and 

Plastic Debris in Canada: A National Synthesis and a Way Forward.” Environmental 

Reviews. National Research Council of Canada. https://doi.org/10.1139/er-2014-0039. 

 

Provencher, Jennifer F, Anthony J Gaston, and Mark L Mallory. 2009. “Evidence for Increased 

Ingestion of Plastics by Northern Fulmars (Fulmarus Glacialis) in the Canadian Arctic.” 

Marine Pollution Bulletin 58 (7): 1092–95. 

https://doi.org/10.1016/j.marpolbul.2009.04.002. 

 

Provencher, JF, AL Bond, S Avery-gomm, SB Borrelle, EL Bravo Rebolledo, S Hammer, S 

Kühn, et al. 2017. “Quantifying Ingested Debris in Marine Megafauna: A Review and 

Recommendations for Standardization.” Analytical Methods. 

https://doi.org/10.1039/c6ay02419j. 

 

Puskic, Peter S., Jennifer L. Lavers, and Alexander L. Bond. 2020. “A Critical Review of Harm 

Associated with Plastic Ingestion on Vertebrates.” Science of the Total Environment 743. 

https://doi.org/10.1016/j.scitotenv.2020.140666. 

 



 39 

Ramírez, I, P Geraldes, A Meirinho, P Amorim, and V Paiva. 2008. “Áreas Marinhas 

Importantes Para as Aves Em Portuga [Important Areas for Seabirds in Portugal]. Projecto 

LIFE=04NAT/PT/000213-Sociedade Portuguesa Para o Estudo Das Aves, Lisbon.” 

 

Richardson, Bruce J, S Avery-gomm, J F Provencher, K H Morgan, and D F Bertram. 2013. 

“Plastic Ingestion in Marine-Associated Bird Species from the Eastern North Pacific.” 

Marine Pollution Bulletin 72 (1): 257–59. 

https://doi.org/10.1016/j.marpolbul.2013.04.021. 

 

Ríos, Noelia, João P.G.L. Frias, Yasmina Rodríguez, Rita Carriço, Sofia M. Garcia, Manuela 

Juliano, and Christopher K. Pham. 2018. “Spatio-Temporal Variability of Beached Macro-

Litter on Remote Islands of the North Atlantic.” Marine Pollution Bulletin 133 (August): 

304–11. https://doi.org/10.1016/j.marpolbul.2018.05.038. 

 

Robards, Martin D, John F Piatt, and Kenton D Wohl. 1995. “Increasing Frequency of Plastic 

Particles Ingested by Seabirds in the Subarctic North Pacific.” Marine Pollution Bulletin. 

Vol. 30. 

 

Roman, Lauren, Britta Denise Hardesty, Mark A. Hindell, and Chris Wilcox. 2019. “A 

Quantitative Analysis Linking Seabird Mortality and Marine Debris Ingestion.” Scientific 

Reports 9 (1). https://doi.org/10.1038/s41598-018-36585-9. 

 

Roman, Lauren, Qamar A Schuyler, Britta Denise Hardesty, and Kathy A Townsend. 2016. 

“Anthropogenic Debris Ingestion by Avifauna in Eastern Australia.(Research 

Article)(Report).” PLoS ONE 11 (8): 1–10. https://doi.org/10.5061/dryad.p48f7. 

 

Rosa, G, V Encarnacao, F Leao, and C Pacheco. 2009. “Recenseamentos Da Populacao 

Invernante de Cegonha-Branca Ciconia Ciconia Em Portugal (1995–2008).” In VI 

Congresso de Ornitologia Da SPEA, IV Congresso Ibérico de Ornitologia.R. 

 

Ryan, P. G. 1988. “Effects of Ingested Plastic on Seabird Feeding: Evidence from Chickens.” 

Marine Pollution Bulletin 19 (3): 125–28. https://doi.org/10.1016/0025-326X(88)90708-

4. 

 

Ryan, Peter G. 1987. “The Incidence and Characteristics of Plastic Particles Ingested by 

Seabirds.” Marine Environmental Research 23 (3): 175–206. 

https://doi.org/10.1016/0141-1136(87)90028-6. 

 

Ryan  “Entanglement of Birds in Plastics and Other Synthetic Materials.” 2018. Marine 

Pollution Bulletin 135 (June): 159–64. https://doi.org/10.1016/j.marpolbul.2018.06.057. 

 

Ryan, PG, S Jackson - Marine Pollution Bulletin, and undefined 1987. n.d. “The Lifespan of 

Ingested Plastic Particles in Seabirds and Their Effect on Digestive Efficiency.” Elsevier. 

 

Ryan, PG, CL Moloney - S. AFR. J. SCI./S.-AFR. TYDSKR. WET., and undefined 1990. n.d. 

“Plastic and Other Artefacts on South African Beaches: Temporal Trends in Abundance 

and Composition.” 

 

Sazima, I, and GB D’angelo. 2015. “Handling and Intake of Plastic Debris by Wood Storks at 

an Urban Site in South-Eastern Brazil: Possible Causes and Consequences.” Article in 

North-Western Journal of Zoology. 



 40 

Scott Lambert, Chris Sinclair, and Alistair Boxall. 2014. “Preface.” In Reviews of 

Environmental Contamination and Toxicology, 227:vii–xi. https://doi.org/10.1007/978-3-

319-01327-5. 

 

Seacor, Renee, Kayhan Ostovar, and Marco Restani. 2014. “Distribution and Abundance of 

Baling Twine in the Landscape Near Osprey (Pandion Haliaetus) Nests: Implications for 

Nestling Entanglement.” Canadian Field-Naturalist 128 (2): 173–78. 

https://doi.org/10.22621/cfn.v128i2.1582. 

 

Siddharth, Misra, Li Hao, and He Jiabo. 2020. Machine Learning for Subsurface 

Characterization. Machine Learning for Subsurface Characterization. Elsevier. 

https://doi.org/10.1016/c2018-0-01926-x. 

 

Spear, LB, DG Ainley, CA Ribic - Marine Environmental Research, and undefined 1995. n.d. 

“Incidence of Plastic in Seabirds from the Tropical Pacific, 1984–1991: Relation with 

Distribution of Species, Sex, Age, Season, Year and Body Weight.” Elsevier. 

 

Stelfox, Martin, Jillian Hudgins, and Michael Sweet. 2016. “A Review of Ghost Gear 

Entanglement amongst Marine Mammals, Reptiles and Elasmobranchs.” Marine Pollution 

Bulletin. Elsevier Ltd. https://doi.org/10.1016/j.marpolbul.2016.06.034. 

 

Tavares, D C, J F Moura, and A Merico. 2019. “Anthropogenic Debris Accumulated in Nests 

of Seabirds in an Uninhabited Island in West Africa.” Biological Conservation. 

https://doi.org/10.1016/j.biocon.2019.05.043. 

 

Tavares, DC, JF Moura, and A Merico. 2019. “Anthropogenic Debris Accumulated in Nests of 

Seabirds in an Uninhabited Island in West Africa.” Biological Conservation 236: 586–92. 

 

Thompson, Danielle L., Thomas S. Ovenden, Tom Pennycott, and Ruedi G. Nager. 2020. “The 

Prevalence and Source of Plastic Incorporated into Nests of Five Seabird Species on a 

Small Offshore Island.” Marine Pollution Bulletin 154. 

https://doi.org/10.1016/j.marpolbul.2020.111076. 

 

Tortosa, F. S., J. M. Caballero, and J. Reyes-López. 2002. “Effect of Rubbish Dumps on 

Breeding Success in the White Stork in Southern Spain.” Waterbirds 25 (1): 39–43. 

https://doi.org/10.1675/1524-4695(2002)025[0039:eordob]2.0.co;2. 

 

Trevail, Alice M., Geir W. Gabrielsen, Susanne Kühn, and Jan A. Van Franeker. 2015. 

“Elevated Levels of Ingested Plastic in a High Arctic Seabird, the Northern Fulmar 

(Fulmarus Glacialis).” Polar Biology 38 (7): 975–81. https://doi.org/10.1007/s00300-

015-1657-4. 

 

UNEP, IRP, M Fischer-Kowalski, J West,  S Giljum report for the UNEP. 2016. “Global 

Material Flows and Resource Productivity.” 

 

Uneputty, Prulley A., and S. M. Evans. 1997. “Accumulation of Beach Litter on Islands of the 

Pulau Seribu Archipelago, Indonesia.” Marine Pollution Bulletin 34 (8): 652–55. 

https://doi.org/10.1016/S0025-326X(97)00006-4. 

 

 

 



 41 

Velez, Nadja, Gerardo I. Zardi, Roberto Lo Savio, Christopher D. McQuaid, Ugo Valbusa, 

Brahim Sabour, and Katy R. Nicastro. 2019. “A Baseline Assessment of Beach Macrolitter 

and Microplastics along Northeastern Atlantic Shores.” Marine Pollution Bulletin 149 

(October): 110649. https://doi.org/10.1016/j.marpolbul.2019.110649. 

 

Votier, S C, K Archibald, G Morgan, and L Morgan. 2011. “The Use of Plastic Debris as 

Nesting Material by a Colonial Seabird and Associated Entanglement Mortality | Elsevier 

Enhanced Reader.” Marine Pollution Bulletin, 2011. 

 

Wilcox, Chris, Erik Van Sebille, Britta Denise Hardesty, and James A. Estes. 2015. “Threat of 

Plastic Pollution to Seabirds Is Global, Pervasive, and Increasing.” Proceedings of the 

National Academy of Sciences of the United States of America 112 (38): 11899–904. 

https://doi.org/10.1073/pnas.1502108112. 

 

Williams, A T, P Randerson, C Allen, and J A G Cooper. 2017. “Beach Litter Sourcing : A 

Trawl along the Northern Ireland Coastline.” Marine Pollution Bulletin 122 (1–2): 47–64. 

https://doi.org/10.1016/j.marpolbul.2017.05.066. 

 

Willoughby, NG, H Sangkoyo, and BO Lakaseru. 1997. “Beach Litter: An Increasing and 

Changing Problem for Indonesia.” Elsevier 34.6: 469–78. 

 

Witteveen, Minke, Mark Brown, and Peter G. Ryan. 2017. “Anthropogenic Debris in the Nests 

of Kelp Gulls in South Africa.” Marine Pollution Bulletin. 

https://doi.org/10.1016/j.marpolbul.2016.10.052. 

 

Zettler, Erik R, Tracy J Mincer, and Linda A Amaral-Zettler. 2013. “Life in the ‘Plastisphere’: 

Microbial Communities on Plastic Marine Debris.” https://doi.org/10.1021/es401288x. 

  

  



 42 

2.6 Supplementary material 

 

2.6.1 Tables 

 
Table S2.1: P values for each species for the three categories: Abundance, Mass and Colour, with and without 

outliers. 

  

  Abundance P-value Mass P-value Colour P-value 

Larus fuscus 0.4494 0.1189 0.2266 

Larus fuscus data without outliers 0.0464* 0.001** 0.0911 

Larus michahellis 0.0304* 0.0197** 0.0454* 

Larus michahellis data without outliers 0.0922 0.0001* 0.1628 

Ciconia ciconia  0.0494* 0.2558 0.1234 

Ciconia ciconia data without outliers 0.0209* 0.0752 0.1628 

Morus bassanus 0.2963 0.6389 0.6734 

Morus bassanus data without outliers 0.1859 0.2608 0.6398 

* significant P; **significant P and PERMDISP 
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2.6.2 Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2.1: Abundance Index of affected birds over the years; (A) Larus fuscus, (B) Morus bassanus, (C) Ciconia 

ciconia and (D) Larus michahellis. Including Spearman´s Rho and P for each species. 
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Figure S2.2: Mass index of affected birds over the years; (A) Larus fuscus, (B) Morus bassanus, (C) Ciconia 

ciconia and (D) Larus michahellis. Including Spearman´s Rho and P for each species. 
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Figure S2.3: Larus fuscus; A two-dimensional non-metric multidimensional scaling (MDS) for (A) abundance, 

(B) colours and (C) mass of the ingested material: Dataset with outliers.  

 

 

 

 

 

 

 

 

 
Figure S2.4: Larus michahellis; A two-dimensional non-metric multidimensional scaling (MDS) for (A) 

abundance, (B) colours and (C) mass of the ingested material: Dataset with outliers.  
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Figure S2.5: Ciconia ciconia; A two-dimensional non-metric multidimensional scaling (MDS) for (A) abundance, 

(B) colours and (C) mass of the ingested material: Dataset with outliers.  
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Figure S2.6: Morus bassanus; A two-dimensional non-metric multidimensional scaling (MDS) for (A) 

abundance, (B) colours and (C) mass of the ingested material: Dataset with outliers.  
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Figure S2.7: Larus fuscus; Pair-wise testing and Simper in a visual representation. Mass of ingested material divided into categories between the years 2014 and 2020.  
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Figure S2.8: Larus michahellis; Pair-wise testing and Simper in a visual representation. Mass of ingested material divided into categories between the years 2014 and 2020. 



 49 

 
 

 

 
Figure S2.9: Ciconia ciconia; Pair-wise testing and Simper in a visual representation. Abundance of ingested material divided into categories between the years 2014 and 2020.  
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Table S2.2: Data on the plastics ingested by Ciconia ciconia (n=110) based on plastic categories. Frequency of occurrence of plastics (95% confidence intervals – CI) and plastic 

litter abundance. Abundance was calculated using affected individuals. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Frequency of plastic 

occurrence (%FO)

Mean Mean

(95% CI) (n; ± sd; ± se) (g; ± sd; ± se)

44.54 2.2 2.1
(1.839, 2.561) (110; ± 1.931; ± 0.276) (102.847; ± 3.84; ± 0.549)

29.1 1.7 0.462

(1.434, 1.966) (54; ± 0.998; ± 0.176) (14.769; ± 1.423; ± 0.251)

8.18 2.1 0.055

(1.232, 2.968) (19; ± 1.189; ± 0.217) (0.491; ± 0.055; ± 0.01)

5.45 1.5 1.828

(0.238, 2.762) (9; ± 0.712; ± 0.132) (10.965; ± 1.53; ± 0.289)

15.45 1.5 0.195
(0.758, 2.242) (26; ± 0.9979; ± 0.176) (3.312; ± 0.23; ± 0.04)

15.45 3.29 5.181

(2.609, 3.971) (56; ± 2.6; ± 0.504) (88.079; ± 4.669; ± 0.899)

0 0.0008-0.9474

Other 0 1-12 0.63 0.0723-18.16

Fragments 1 1-4

0 0.2458-8.0738

Foam 0 0 0 0 0 0

Threadlike 0 1-3

0.04 0.0008-8.0738

Sheetlike 0 1-4 0 0.0022-0.2885

User 1 1-4

0.29 0.0008-18.16

Industrial 0 0 0 0 0 0

Global 2 1-12

Number of plastic items Mass of plastic items

Median Range Median Range
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Table S2.3: Data on the plastics ingested by Morus bassanus (n=137) based on plastic categories. Frequency of occurrence of plastics (95% confidence intervals – CI) and plastic 

litter abundance. Abundance was calculated using affected individuals. 

 

 
 
 
 
 
 
 
 

Frequency of plastic 

occurrence (%FO)

Mean Mean

(95% CI) (n; ± sd; ± se) (g; ± sd; ± se)

9.49 11 0.413

5.39, 16.61) (137; ± 33.495; ± 9.29) (4.125; ± 0.981; ± 0.193)

7.3 13 0.57

(6.51, 19.49) (133; ± 38.198; ± 12.079) (3.989; ± 1.342; ± 0.448)

5.84 1 0.783

(-22.21, 24.21) (8; ± 0.467; ± 0.14) (3.913; ± 0.899; ± 0.212)

2.19 1 0.045

(-31.82, 33.82) (4; ± 0.816; ± 0.333) (0.136; ± 0.899; ± 0.212)

Number of plastic items Mass of plastic items

Median Range Median Range

0.012 0.002-3.82

Industrial 0 0 0 0 0 0

Global 1 1-122

00.01 0.0017-3.82

Sheetlike 0 0 0 0 0 0

User 1 1-122

0 0.0017-3.8201

Foam 122 0 0 0.0085 0 0

Threadlike 1 1-1

0.0157-0.1011

Fragments 3 0 0

Other 0 1-2 0

0.0676

0.73

0.73 0 0
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Table S2.4: Data on the plastics ingested by Larus fuscus (n=175) based on plastic categories. Frequency of occurrence of plastics (95% confidence intervals – CI) and plastic litter 

abundance. Abundance was calculated using affected individuals. 

 

 
 
 
 
 
 
 
 
 
 

Frequency of plastic 

occurrence (%FO)

Mean Mean

(95% CI) (n; ± sd; ± se) (g; ± sd; ± se)

24.57 4 0.118

(2.01, 5.99) (175; ± 13.454; ± 1.987) (4.849; ± 0.631; ± 0.05)

1.71 31 1.37

(20.61, 41.39) (93; ± 51.1; ± 29.5) (4.111; ± 0.954; ± 0.225)

18.86 2 0.019

(1.45, 2.55) (70; ± 2.333; ± 0.386) (0.593; ± 0.052; ± 0.004)

6.86 1.5 0.018

(-4.715, 7.715) (18; ± 0.87; ± 0.164) (0.195; ± 0.009; ± 0.001)

4 1.57 0.004

(-6.3807, 9.5207 (11; ± 0.82; ± 0.152) (0.03; ± 2.646; ± 0.461)

2.29 2 0.003

(-7.32, 11.32) (8; ± 1.342; ± 0.359) (0.014; ± 2.646; ± 0.461)

5.71 3.3 0.039

(2.397, 4.203) (33; ± 2.646; ± 0.461) (0.353; ± 0.023; ± 0.002)

4 1.86 0.02

(-5.752,9.4722) (12; ± 1.552; ± 0.461) (0.145; ± 0.009; ± 0.001)

Number of plastic items Mass of plastic items

Median Range Median Range

0 0.0001-4.052

Industrial 2 1-90 0 0.018-4.052

Global 1 1-90

0 0.0001-0.2793

Sheetlike 0 1-3 0 0.0004-0.1054

User 1 1-14

0 0.0001-0.0111

Foam 0 1-5 0 0.0012-0.0077

Threadlike 0 1-3

0 0.0027-0.2793

Other 0 1-6 0 0.0004-0.0527

Fragments 0 1-14
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Table S2.5: Data on the plastics ingested by Larus michahellis (n=70) based on plastic categories. Frequency of occurrence of plastics (95% confidence intervals – CI) and plastic 

litter abundance. Abundance was calculated using affected individuals. 

 

 
 
 
  

Frequency of plastic 

occurrence (%FO)

Mean Mean

(95% CI) (n; ± sd; ± se) (g; ± sd; ± se)

44.29 1,89 0.026

(1.5644, 2.2156 (70; ± 1.3901; ± 0.1265) (0.7411; ± 0.456 ; ± 0.004)

40.00 1.97 0.02

(1.6288, 2.3112) (67; ± 1.425; ± 0.131) (0.529; ± 0.575; ± 0.041)

11.43 2 0.021

(1.37, 2.63) (19; ± 1.227; ± 0.289) (0.186; ± 0.013; ± 0.001)

8.57 2 0.0436

(1.14, 2.86) (10; ± 0.984; ± 0.232) (0.174; ± 0.796; ± 0.04)

4.29 2 0.0037

(0.78, 3.22) (5; ± 0.951; ± 0.36) (0.0074; ± 0.002; ± 0.001)

15.71 2.357 0.013

(1.826, 2.894) (33; ± 1.565; ± 0.35) (0.162; ± 0.013; ± 0.018)

4.29 1 0.071

(-0.57, 2.57) (3; ± 0.535; ± 0.202) (0.212; ± 0.018; ± 0.002)

Number of plastic items Mass of plastic items

Median Range Median Range

0 0.0001-0.163

Industrial 0 0 0 0 0 0

Global 1 1-6

0.0001-0.163

Sheetlike 0 1-5 0 0.0001-0.163

User 1 1-6

Threadlike 0 1-3

0

0 1-2 0 0.0029-0.0045

0

0 0.0001-0.0448

Other 0 1 0 0.017-0.118

Fragments 0 1-6

0.0048 0.0016-0.163

Foam
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3.1 Abstract 

Entanglement in fishing gear is an increasing threat to wildlife. Temporal trends of fishing gear 

entanglements in 14 aquatic and two marine bird species were assessed in this studyin the south 

of Portugal, over a period of ten years (2010-2019). The records were taken from the database 

of a wildlife recovery center (RIAS) in southern Portugal. A total of 256 individuals out of 5843 

were recorded to be affected by entanglements. The most affected species were the two aquatic 

species Sterna caspia (100%) and Larus marinus with 50%. Entanglements mainly resulted 

from fishing lines with and without hooks and fishing netsSignificant temporal trends were 

observed for Phalacrocorax carbo and Morus bassanus, decreasing and increasing, 

respectively. This study sets a first multispecies baseline for incidence of fishing gear 

entanglements of aquatic birds in southern Portugal. Entanglement baseline data and 

assessment of temporal trends are important to estimate changes through time and among 

regions, and to adapt management actions.  
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3.2 Main text 

Contamination of the marine environment with anthropogenic litter, especially that made of 

plastic, is prevalent worldwide and an ever-increasing environmental threat affecting marine 

wildlife from the most populated and heavily urbanised beaches to the most remote and pristine 

islands (Willoughby et al. 1997; Uneputty and Evans 1997; Williams et al. 2017; Ríos et al. 

2018; Velez et al. 2019). 

 As anthropogenic waste spreads and accumulates throughout the environment, it poses a major 

threat to a rising number of marine taxa- including cetaceans, turtles, fish, crustaceans and 

seabirds- influencing their behaviour, physiology and survival (Jagiello et al. 2019). 

Animals are exposed to litter mainly through ingestion and entanglement (Laist 1987; Gall and 

Thompson 2015; Hammer et al. 2016; O’Hanlon et al. 2017; Provencher, Bond, and Mallory 

2015; Provencher et al. 2017). 

Ingestion can be unintentional, while individuals feed on other prey items, or deliberately, when 

materials are erroneously identified as food (Laist 1987; Cadée 2002). Entanglement is 

generally passive, when individuals get trapped in dispersed debris materials such as fishing or 

plastic bags, or it may also be active, when individuals get stuck in materials that they gather 

intentionally (Gregory 2009; Phillips et al. 2010). 

Seabirds are especially exposed to the increasing presence of anthropogenic materials in the 

environment (Battisti et al. 2019b). 

The most recent review suggests that at least 40% of all seabird species contain ingested plastic, 

and 25% have been recorded entangled in plastic (Gall and Thompson, 2015; Kühn et al., 2015; 

Ryan, 2016). Entanglement of birds is more noticeable than ingestion, as are its effects, such as 

wounds, hindered mobility (with significant implications for the capacity to feed or avoid 

predators) and drowning (Laist, 1997; Kühn et al., 2015).  

Evidence strongly indicates that almost all species are exposed to entanglement risk, and that 

with increasing survey effort, the number of affected species is destined to rise. However, many 

entangled birds remain undetected because they often die far from the shores (Laist, 1997). It 

is thus likely that the number of entangled birds is largely underestimated (Laist, 1997; Kühn 

et al., 2015). In fact, detailed reviews of entanglement records for marine organisms, confirm 

that the proportion of impacted seabirds is appreciably higher than previously estimated (Kühn 

et al. 2015), up from 25% to 36% (Ryan 2018). 

Recent entanglement records obtained from > 30 countries, show that fishing lines and netting 

are responsible for most entanglements. Until the 1960s, natural fibres such as cotton and hemp 

were the main materials used to make fishing gears. Later, these have been replaced by synthetic 
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materials which eventually results in the accumulation of long-lasting fishing gear waste 

(Gregory 2009). As a consequence, entanglement in abandoned, lost or discarded fishing gear 

has become an increasing menace to wildlife. Currently, it is estimated that 88% of seabird 

species entangled in fishing gear. Fishing line entangled a greater proportion of species than 

netting, 78% and 36% respectively (Ryan 2018).  

Critically, the proportion of entangled species does not share light on the demographic impact 

of entanglement, which should be assessed as the proportion of entangled individuals within 

species. Such a lack of information and, most of all scarcity of records, make a realistic 

assessment of temporal and spatial changes in the rate of entanglement difficult. The limitations 

are particularly relevant in regions where baseline studies are not yet available. Baseline data 

not only are central to assessing changes through time and differences among regions, but they 

are also important for an effective definition of management and conservation efforts. 

Relative to northern Europe, in southern European countries, attempts to assess the impact of 

anthropogenic litter in aquatic birds have so far been limited (i.e., Codina-García et al., 2013). 

Only recently it has been shown Larus michahellis, Larus fuscus, Ciconia ciconia and Morus 

bassanus are, even if in different proportions, affected by plastic ingestion in Portugal (Nicastro, 

Savio, et al. 2018; Basto et al. 2019), it was also observed that the nests of Larus michahellis 

found in urban areas are highly impacted by anthropogenic materials (Lopes et al. 2020). 

Currently, there is no published information concerning entanglement in aquatic birds in 

Portugal.  

This paper attempts to give an overview of bird species recorded to be affected by fishing gear 

entanglement in the southern regions of Portugal (Algarve and Alentejo) from 2010 until 2019. 

The southern coast of Portugal is surrounded by the, in 1987 classified, Natural Park of the Ria 

Formosa, which has a large Aves biodiversity and reaches around 100 different bird species 

every year (Amaral 2009a; Farinha and Costa 1999). The lagoon was identified to provide 

relevant ecological functions and ecosystem services, especially feeding, breeding and nursery 

areas, from which local fisheries might benefit (Ribeiro et al. 2006; Guimarães et al. 2012). 

This environment has been acknowledged to be of great economic, cultural and social value. 

The samples in this study were provided by a wildlife recovery center (Centro de Recuperação 

e Investigação de Animais Selvagens - RIAS). During this examination, the species of interest 

were: Ciconia ciconia, Larus fuscus, Larus michahellis, Morus bassanus, Phalacrocorax 

carbo, Ardea cinerea, Arenaria interpres, Calidris alpina, Egretta egretta, Gallinula 

chloropus, Larus audouinii, Larus marinus, Pandion haliaetus, Phoenicopterus ruber, Platalea 

leucorodia, Pluvialis squatarola and Sterna caspia.  



 57 

In records involving bird entanglements, it is challenging to differentiate between individuals 

caught by active or ghost fishing gear, as it is difficult to understand if birds entangled in fishing 

lines were previously caught in abandoned lines or in active gear (Ryan 2018, Taylor 2004; 

Abraham et al. 2010). In this study samples that had ingested hooks were not treated as 

entanglements. As entanglements, individuals affected by fishing lines with ingested hooks, 

fishing lines and fishing nets were identified.  

For each species, the percentage of individuals affected by entanglements was calculated over 

the ten years. Further, it was observed, how many of those were released or died due to injuries. 

Because many species did not have enough samples over the years, only for five species a trend 

over time was graphically plotted. In total, over the ten years, n = 256 individuals arrived at the 

center because of entanglements in fishing gear.  Fishing lines and nets are usually found coiled 

around the limbs. In the most common cases the injuries commence in the distal region of the 

entanglement area with cold oedema due to the lack of blood supply, followed by tissue necrosis 

resulting in the death of the affected limb. In the entanglement pressure area, the injuries 

resulted in lacerations and cuts of the tissues. Indirectly, due to the impossibility of developing 

normal feeding habits, poor body condition may be seen in animals entangled in lines or nets 

for a long period. The prognosis of the animal mostly depends on how long the entanglement 

has taken place until medical care is provided. Poor body condition was the main cause of 

natural death of the animals after admittance. Severe injuries in the thoracic limbs of birds that 

prevent flying and, consequently, the release of the animal, will lead to euthanasia. In the pelvic 

limbs, when complete recovery of the member is not possible, most of the species can live with 

different levels of limb amputation or even without one limb. Less frequently, two limbs are 

affected, and the animal is not able to recover mobility, then, euthanasia is needed. The chance 

to be released will depend on the affected limb (thoracic or pelvic), the biology and ecology of 

the species and its ability to live with the aftermath. 

Larus michahellis had the highest number of individuals reaching the center (124 individuals) 

due to entanglements, but only 3.9% of the total animals reaching the center over the ten years 

were affected by entanglements (Figure 3.1 B). The frequency of occurrence (FO%) showed a 

slight decrease over time (Spearman´s Rho: - 0.359; Figure 3.1 A). Of the 124, 67.7% died due 

to the injuries resulting from the entanglements. 
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Figure 3.1: Larus michahellis (n = 124); (A) Frequency of occurrence (%), (B) Percentage of affected individuals 

compared to the total numbers reaching the recovery center; (C) Fate of affected individuals. 
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Also, Larus fuscus had a slight decrease in the FO% over time (Spearman´s Rho: - 0.467; Figure 

3.2 A). 1.2% of all L. fuscus reaching the center from to 2010 from 2019 resulted to be affected 

by entanglement (Figure 3.2 B). Of the specimens processed, 68.4% died due to the injuries 

resulting from the entanglements. 

 

 

 

 

Figure 3.2: Larus fuscus (n = 19); (A) Frequency of occurrence (%), (B) Percentage of affected individuals 

compared to the total numbers reaching the recovery center; (C) Fate of affected individuals. 
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Phalacrocorax carbo had a significant decrease over time in the FO% (Spearman´s Rho - 0.886, 

P-value:0.01; Figure 3.2 A). 36.1% of all P. carbo reaching the recovery center were entangled 

in fishing gear and 41.7% died or were euthanised due to the injuries.  

 

 

 

Figure 3.3: Phalacrocorax carbo (n = 12); (A) Frequency of occurrence (%), (B) Percentage of affected 

individuals compared to the total numbers reaching the recovery center; (C) Fate of affected individuals. 
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Morus bassanus had a 0.01 level of significance in the Frequency of occurrence (F0%; Figure 

3.4 A) over the years 2015 and 2019, with a correlation coefficient of 1.0. 18.3% of all M. 

bassanus treated at the center were due to entanglements and 89.7% died due to the injuries 

(Figure 3.4 B and C).  

 

 

 

 
 

 

 

 

Figure 3.4: Morus bassanus (n = 58); (A) Frequency of occurrence (%), (B) Percentage of affected individuals 

compared to the total numbers reaching the recovery center; (C) Fate of affected individuals. 
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Ciconia ciconia had a significance level of 0.05 in the frequency of occurrence (FO%), with a 

Pearson correlation of 0.745 (Figure 3.5 A). 4% of all C. ciconia entering the center over the 

ten years were affected by fishing gear entanglements, from that 75% died (Figure 3.5 B and 

C). 

 

 
Figure 3.5: Ciconia ciconia (n = 16); (A) Frequency of occurrence (%), (B) Percentage of affected individuals 

compared to the total numbers reaching the recovery center; (C) Fate of affected individuals. 

 

 

The other eleven species did not have enough samples over the years to conduct an in-depth 

examination. Nevertheless, the rate per species affected by entanglements compared to the total 

number reaching the recovery center was calculated. Further, it was observed how many of 

those were released or died due to the injuries. Overall, it can be stated that most individuals 

died because of the injuries caused by the entanglements. For Calidris alpine, Gallinula 

chloropus, Pluvialis squatarola, Platalea leucorodia, Phoenicopterus ruber and Sterna caspia 

mortality rate was of 100% (Figure 3.6). Proportionally the most affected species by 

entanglements out of the species with temporal trends were Sterna caspia (100%; Figure 3.6 L) 

and  Larus marinus (Figure 3.6 H) with 50%, whereas the least affected were Larus audouinii 

(Figure 3.6 F) with 2.4% followed by Gallinula chloropus (4.2%; Figure 3.6 E) and 

Phoenicopterus ruber (5.9%; Figure 3.6 J). 

 

 

 

 



 63 

 

 

 

  

F
ig

u
re

 3
.6

: 
L

ef
t:

 P
er

ce
n

ta
g

e 
o

f 
af

fe
ct

ed
 i

n
d

iv
id

u
al

s 
co

m
p

ar
ed

 t
o
 t

h
e 

to
ta

l 
n

u
m

b
er

s 
re

ac
h

in
g

 t
h

e 
re

co
v

er
y
 c

en
te

r 
(n

o
n
-a

ff
ec

te
d

/a
ff

ec
te

d
);

 R
ig

h
t:

 F
at

e 

(r
el

ea
se

d
/d

ie
d

) 
o

f 
af

fe
ct

ed
 i

n
d
iv

id
u

al
s.

 A
rd

ea
 c

in
er

ea
 (

A
),

 C
a

li
d

ri
s 

a
lp

in
e 

(B
),

 A
re

n
a

ri
a

 i
n

te
rp

re
s 

(C
),

 P
a

n
d

io
n
 h

a
li

a
et

u
s 

(D
),

 G
a

ll
in

u
la

 c
h

lo
ro

p
u

s 
(E

),
 

L
a

ru
s 

a
u

d
o

u
in

ii
 (

F
),

 P
lu

vi
a

li
s 

sq
u

a
ta

ro
la

 (
G

),
L

a
ru

s 
m

a
ri

n
u

s 
(H

),
 P

la
ta

le
a
 l
eu

co
ro

d
ia

 (
I)

, 
P

h
o

en
ic

o
p

te
ru

s 
ru

b
er

 (
J)

, 
E

g
re

tt
a

 e
g

re
tt

a
 (

K
) 

an
d

 S
te

rn
a

 c
a

sp
ia

 

(L
).

 



 64 

Interestingly, the results show that different species did not show consistent patterns in terms 

of the percentage of individuals affected by entanglement and of those that suffered lethal 

consequences. This outcome highlights the crucial importance of multispecies assessments. As 

for plastic ingestion, examinations for an extensive range of species (including non-indicator 

species) are central to capturing the pervasiveness of plastic entanglement and recognising 

factors that account for differences in the quantities and qualities of plastic affecting different 

species (McIntosh et al. 2015; Stelfox et al. 2016). Moreover, comprehensive multi-species 

surveys may also prove valuable in identifying alternative species monitoring actions (e.g. 

Acampora et al. 2016). Understanding the drivers of interspecific differences is difficult. 

Evidence from numerous studies from different regions and species indicates that behavioural 

factors (e.g. migratory and feeding strategies), amount of plastic pollution in the foraging or 

nesting environments are at play in determining the frequency of plastic entanglement (Belant 

et al. 1998; Jagiello et al. 2018; Bond et al. 2012; Thompson et al. 2020; Lopes et al. 2020). 

Understanding such complex dynamics will require ad hoc studies testing the intricate effects 

of multiple biotic and abiotic determinants and their variation in time and space. 

Species for which more data are available, such as gulls, storks and gannets in our case, allow 

for interpretation and speculations of the results that extend beyond species or location 

specificity.  Here, it is shown that while no significant changes through time were observed for 

L. michahellis, L. fuscus and C. ciconia, significant trends were observed for P. carbo and M. 

bassanus, decreasing and increasing respectively. Another conspicuous difference is that P. 

carbo, while experiencing much higher frequencies of entanglement, suffered relatively lower 

resulting deaths compared to the other species for which temporal fluctuations were described.  

All these species have been reported incorporating marine debris, often lost fishing gear, into 

their nests at increasing rates (Montevecchi 1991; Votier et al. 2011; Bond et al. 2012; Jagiello 

et al. 2019; Tavares et aal. 2019; O’Hanlon et al. 2017; Battisti 2020; Lopes et al. 2020; 

Thompson et al. 2020) and it has been shown that adults can suffer severe injuries such as 

broken wings and legs as a consequence of nest entanglement (Kwieciński et al. 2015; Votier 

et al. 2011; Seacor et al. 2014). There is evidence that the nature of anthropogenic debris found 

within nests can vary significantly interspecifically and within the same species in different 

regions (Votier et al. 2011; Tavares et al. 2019). These important observations suggest that 

despite litter incorporation in nest seems to be widespread, different litter size and shape may 

be responsible for the observed distinct frequencies of entanglement. Another potential cause 

of distinct entanglement frequencies and mortalities can be found in different foraging 

strategies. Indeed, feeding behaviours and ranges vary greatly in the species assessed in this 
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study. For example, while cormorant and gannets are both diving species; cormorants make use 

of specialised hunting techniques, characterised by brief short-distance chase and rapid neck 

extension and visual prey detection at short range (Grémillet et al. 1998; Martin et al. 2008). In 

contrast, a relatively lower portion of gannets engage in underwater prey pursuit while mostly 

relying on capturing the prey as an immediate consequence of direct plunging. Feeding range 

may also be a key determinant exposing the two species to different entanglements rate. In fact, 

while cormorants mainly feed within coastal and estuarine habitats, gannets are known to 

exploit more offshore areas (Hamer et al. 2001). Taken together, such key behavioural 

differences (hunting techniques and ranges) may explain the contrasting trends and patterns 

observed in the two species. Indeed, entanglement of gannets in heavy ropes or nylon fibres 

from beam trawler nets has been reported numerous times. Further, several gannets were found 

dead with broken or missing wings or broken mandibles most likely as a result of being pulled 

out of a net on a fishing trawler (Bartle 1991; Weimerskirch et al. 2000; Sullivan et al. 2006; 

Watkins et al. 2008; Abraham 2010). 

Unexpectedly, despite the recent evidence supporting the increasing feeding on anthropogenic 

litter as well as the increasing incorporation of litter in their nests, the examined gull species 

did not display an increasing trend over time (Nicastro, Savio, et al. 2018; Basto et al. 2019; 

Lopes et al. 2020). In L. michahellis the incorporation of anthropogenic litter in the nests largely 

depended on the amount of litter in the colonised areas with significant differences between 

urban areas and less populated ones (Lopes et al. 2020). Species close to coastal areas are more 

susceptible to be affected by fishing material, in fact, coastal colonies of kelp gull species were 

found to integrate fishing lines and fishing ropes in their nests (Witteveen et al. 2017). Because 

of the year-round fishing activities and the vicinity to urban areas in the area of investigation, 

we predicted an increment in the trend of the gull species over time and we also assumed a 

significant increment over time in C. ciconia, because of the dominant influence anthropogenic 

litter has on their feeding and nesting habits (Djerdali et al. 2016; Nicastro et al. 2018; Jagiello 

et al. 2018). In fact, a slight increment over time was observed, although not significant. 

Because entanglement is characterised by a narrower suite of plastic items compared to plastic 

ingestion, more focused mitigation actions can be implemented.  Such actions may include 

banning of high-risk activities and educating users to properly discarding high-risk materials 

such as fishing gear. There are examples showing that this can be achieved by providing, for 

instance, specific fishing gear bins in combination with educational signage campaigns ( Ryan 

2018). 
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As the presence of fishing gears continues to increase in coastal and aquatic environments, our 

data will provide a crucial record of entangled species and a basis from which to survey long-

term trends in plastic entanglement, particularly for Portuguese monitoring programs for which 

data remain scarce. 
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