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A B S T R A C T   

Plastic pollution is an increasing global problem, especially in aquatic environments. From invertebrates to 
vertebrates, many aquatic species have been affected by plastic pollution worldwide. Waterbirds also interact 
with plastics, mainly by ingesting them or using them as nest material. Brazil has one of the largest aquatic 
environment areas, including the most extensive wetland (the Pantanal) and biggest river (the Amazon), and a 
~7500 km long coastline, which hosts a remarkable waterbird diversity with more than 200 species from 28 bird 
families. Here, we synthesise published and grey literature to assess where, how, and which waterbirds (marine 
and continental) interact with plastics in Brazil. We found 96 documents reporting interaction between water-
birds and plastics. Only 32% of the occurring species in the country had at least one individual analysed. Plastic 
ingestion was reported in 67% of the studies, and seabirds were the study subject in 79% of them. We found no 
reports in continental aquatic environments, unveiling entire regions without any information regarding in-
teractions. Consequently, this geographic bias drew a considerable taxonomic bias, with whole families and 
orders without information. Additionally, most studies did not aim to search for plastic interactions, which had a 
twofold effect. First, studies did not report their findings using the proposed standard metrics, hampering thus 
advances in understanding trends or defining robust baselines. Second, as it was not their main objective, plastics 
were not mentioned in titles, abstracts, and keywords, making it difficult to find these studies. We propose means 
for achieving a better understanding of waterbird-plastic interactions in space and time, and recommend 
searching for sentinel species and for allocating research grants.   

1. Introduction 

It is estimated that about 8.3 billion metric tons of virgin plastic were 
produced from 1950 to 2015, of which 60% have been largely discarded 
in the natural environment (Geyer et al., 2017). Water bodies have been 
shown to be the main plastic sinks incorrectly discarded from industrial 
or domestic sources (Browne et al., 2011). Therefore, plastic materials 
have been detected in lakes (Driedger et al., 2015), rivers (Morritt et al., 
2014; Gallitelli et al., 2020), beaches (Browne et al., 2011) and ocean 
basins (Eriksen et al., 2014), from Arctic to Antarctica (Barnes et al., 
2010; Collard and Ask, 2021). These environments are transport routes 
(Schmidt et al., 2017) and the destination of incorrectly disposed plastic 

materials (Jambeck et al., 2015), increasing the extent of pollution and 
impact on aquatic wildlife (Sigler, 2014; Bergmann et al., 2015; Gall and 
Thompson, 2015). 

There is an extensive and growing body of studies reporting in-
teractions of birds and plastics, with biased contamination towards 
species depending on aquatic environments (reviewed in Battisti et al., 
2019). Plastic contamination in waterbirds is so marked that the group 
has been used as sentinel for pollution of areas used for foraging activ-
ities and nest material collection (Reynolds and Ryan, 2018; Phillips and 
Waluda, 2020). Waterbirds can be impacted by plastic pollution mainly 
through entanglement and ingestion (Gall and Thompson, 2015), which 
in turn can lead to the gastrointestinal tract lesions and obstruction, and 
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accumulation of chemical additives in the liver and adipose tissues 
(Tanaka et al., 2020). Among waterbirds, research has shown that sea-
birds make up the most heavily impacted group by plastic pollution 
(Wilcox et al., 2015; Battisti et al., 2019), which may be due to the 
marked contamination of the oceans (van Sebille et al., 2015), or the 
relatively small effort to understand plastic pollution in freshwater 
systems and associated avifauna (Blettler et al., 2018; Battisti et al., 
2019; Azevedo-Santos et al., 2021). 

Brazil has almost 2000 bird species recorded, representing around 
20% of global avifauna (Gill et al., 2020; Pacheco et al., 2021). From 
those, 28 families and 206 species depend on Brazilian continental and 
marine aquatic environments (Pacheco et al., 2021). These species 
occupy all Brazilian biomes, including freshwater systems such as the 
Amazon Basin and the Pantanal, which are among the world’s largest 
tropical wetlands (Fraser and Keddy, 2005). Brazil has a large latitudinal 
gradient, from 5◦N to 34◦S, with a 3.5 million km2 Exclusive Economic 
Zone and ~7500 km long coastline. In addition, Brazil has four oceanic 
islands or archipelagos (i.e. those out of the continental shelf), up to 
1200 km from the coast, where 12 seabird species breed (Mancini et al., 
2016). Several of these species are threatened nationally (Ministério do 
Meio Ambiente, 2022), while migratory seabirds are threatened globally 
(Dias et al., 2019). Due to the environmental heterogeneity, massive 
freshwater systems, extensive coastal region, and wide latitudinal 
gradient, the Brazilian territory offers a variety of ecological opportu-
nities for species with distinct environmental requirements. In addition, 
as signatory of the Convention on Biodiversity (CBD), Convention on 
Migratory Species (CMS), the Agreement for the Conservation of Alba-
tross and Petrels (ACAP), part of the Western Hemisphere Shorebird 
Reserve Network, among other international agreements, Brazil had 
committed to preserve waterbirds and their habitats. Finally, due to 
recent initiatives towards a global legal responsibility aiming to solve 
the huge concerns on plastic pollution (Simon et al., 2021), and despite 
an unfavourable national political scenario regarding environmental 
issues (Menezes and Barbosa-Jr., 2021; Pelicice and Castello, 2021), it is 
timely to address the effects of plastic pollution on waterbirds and 
provide support based on the best available information. 

Plastic pollution is widespread in Brazilian aquatic environments 
and has been reported in rivers (Andrade et al., 2019), estuaries (Ivar do 
Sul and Costa, 2013), beaches (Andrades et al., 2020), continental shelf 
(Lacerda et al., 2020), and oceanic islands (Monteiro et al., 2018). 
Contributing to this are the 50 million people living in coastal regions 
(Instituto Brasileiro de Geografia e Estatística, 2011); the proximity of 
Brazil’s southern region to the South Atlantic garbage patch (van Sebille 
et al., 2012, 2015); and the transport of plastics into aquatic areas via 
large freshwater systems such as the Amazon, São Francisco and La Plata 
rivers (Molleri et al., 2010; Möller et al., 2008). So persistent is this, that 
there are records of plastic material cemented with biogenic and silici-
clastic material, forming sedimentary rocks in beaches (Fernandino 
et al., 2020) and oceanic islands (Santos et al., 2022), and microplastics 
recorded in lakes and rivers (Gerolin et al., 2020; Bertoldi et al., 2021), 
demonstrating that pollution has been present in marine and freshwater 
systems for decades. 

In this study, we reviewed the evidence of interactions between 
waterbirds, both continental and marine, and plastics in order to provide 
a country-wise perspective and the development of studies on the topic. 
We identified knowledge gaps in habitat representativeness, among 
taxonomic groups, and regarding the information reported by the 
studies. We proposed future studies assessing which species would be 
useful sentinels, highlight possible adjustments in current monitoring 
programs with non-invasive sampling opportunities, and discuss sys-
tematization and standards that future studies should have, aiming to-
ward a more accurate and comprehensive understanding of waterbirds’ 
interactions with plastics in Brazil. This synthesis thus supports the 
prioritisation of field efforts and research funding, and contributes to 
society and decision-makers for the development of conservation actions 
and public policies. 

2. Methods 

All searches, screening, and data summarisation were done by one 
reviewer (NWD), apart from CAPES and BDTD database searches, which 
were carried out by GTN (see acronyms definition below). We do not 
consider this review fully systematic, nor automatized, but an exhaus-
tive effort to gather as much as possible information available to date on 
the subject. As such, every study that could be a source of information 
was fully screened. 

2.1. Data sources 

As a first attempt to collate all possible data, we gathered published 
(research articles and book chapters) and grey literature (here defined as 
academic documents, such as Honours, Masters, and Doctoral theses). 
For this, we used a mix of ‘systematic’ and ‘active’ search methods. 

We used advanced search on Google Scholar for scientific literature 
and academic documents. Given that Google Scholar returns ~95% of 
the same findings from Web of Science and Scopus databases, returns 
unpublished reports and grey literature, and non-English documents 
(Martín-Martín et al., 2018), we assumed it as our main source. In 
addition, we used advanced search in the governmental platform ‘Portal 
de Periódicos da CAPES’ (hereafter CAPES; https://www.periodicos.cap 
es.gov.br) which searches for Brazilian literature, including research 
articles, conference abstracts and grey literature; also, we used the 
‘Biblioteca Digital Brasileira de Teses e Dissertações’ (BDTD; htt 
ps://bdtd.ibict.br), an online, open library which looks specifically for 
Masters and Doctoral theses from Brazil. 

Honours theses are usually not in indexed databases (such as CAPES 
and BDTD), so we made an effort to actively search for them in uni-
versity repositories. For this, first, we looked into online curriculum 
vitae (CV) of key Brazilian waterbird researchers, searching after su-
pervisions and theses markings (from undergraduate and graduate stu-
dents), as well as research papers of possible contribution to the topic. 
Brazil has an official, federal CV platform ‘Plataforma Lattes’ (htt 
ps://lattes.cnpq.br), which was scanned for finding such information 
(Supplementary material, Table S1). 

2.2. Search strategy 

First, all searches were carried out using English keywords and their 
Portuguese translation, respectively, as below. Mandatory words are 
before the underlined conditioning “AND”. We did not specify limits of 
dates, and we did not include conference abstracts neither bycatch re-
ports (e.g. Cardoso et al., 2011). All searches were carried out in May 
and July 2020.  

• Brazil AND plastic AND birds* AND waterbirds OR seabirds OR 
"aquatic birds" OR debris OR "anthropogenic debris" OR litter OR 
ingestion OR entanglement OR "stomach content" OR diet OR nest. 

• Brasil AND plástico AND aves AND "aves aquáticas" OR "aves mari-
nhas" OR "aves costeiras" OR debris OR lixo OR "lixo marinho" OR 
ingestão OR enredamento OR "conteúdo estomacal" OR dieta OR 
ninho. 

Here, we define ‘waterbirds’ (as waterbirds and seabirds) following 
both Ramsar Convention (Article 1.2) and Votier and Sherley (2017) 
(taxonomy follows Pacheco et al. (2021) throughout our text and files), 
and ‘interaction’ as plastic ingestion, entanglement, or nest incorpora-
tion (Battisti et al., 2019). Bearing these definitions, the Google Scholar 
searches returned ~224,000 results from English, and ~23,200 from 
Portuguese keywords, respectively, which were manually screened 
twice (in May and July 2020) until the 2,000th title (20 records per 
label, until the 100th label, ordered by ‘relevance’). 

Eligibility criteria were loose, as we admitted a whole spectrum of 
possible terms in the titles that could potentially mention plastic 
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interactions with waterbirds, such as studies on natural history, 
breeding biology/phenology description, biodiversity assessments, dis-
tribution, and diet—besides the ones clearly mentioning plastics in the 
title. From the selected documents, we added up documents returned 
from CAPES (BDTD had zero new documents, therefore, from herein we 
omit it) and CV checking. We then went through all documents gathered 
and searched for backwards citations (literature cited by them) and 
repeated this step for every new study in our list. We contacted librarians 
and colleagues to get hold of copies not available on the internet, trying 
to cover as many references as possible. 

Therefore, we consider that the review was exhaustive in terms of 
research articles and grey literature, and that any study that eventually 
escaped our thorough search would not affect the general patterns, 
trends and gaps identified, as well as the main conclusions. Considering 
the whole searching process, this review covers literature up to 
December 2021. 

2.3. Data gathered and analysis 

Answers to the following questions were collated from each 
document:  

1. Is there a temporal trend in the number of studies?  
2. Is there any bias related to environment/region in the reported 

cases?  
3. Are all taxonomic groups equally represented?  
4. What was the main purpose of studies reporting interactions between 

waterbirds and plastic?  
5. What is the most reported type of interaction?  
6. Which quantitative parameters are being used by researchers to 

describe interactions?  
7 How many studies address microplastic (sensu Provencher et al., 

2017, i.e. <5 mm) in comparison with macroplastics? 

Documents were characterised individually (book chapters were 
treated as independent pieces), and answers to these questions were 
summarised in order to quantify them. We also had computed the pe-
riods in which studies had collected samples; if from alive or dead ani-
mals; total sample size; and from the ones that report plastic ingestion, 
which methods researchers used to assess it; and which quali- 
quantitative metrics they have used. For grey literature, we also noted 
if results regarding the plastic interaction were fully, partially, or not 
published—if fully published, we only used information from the 
research article(s); if partially, we included both grey and published 
documents. 

All data were processed and analysed in R 4.2.0 (R Core Team, 
2021), using packages ‘tidyverse’ 1.3.1 (Wickham et al., 2019), ‘sf’ 
1.0–8 (Pebesma, 2018), ‘mgcv’ 1.8–40 (Wood, 2017), ‘rnaturalearth’ 
0.1.0 (South, 2017), ‘RColorBrewer’ 1.1–3 (Neuwirth, 2014), ‘patch-
work’ 1.1.1 (Pedersen, 2020), and ‘ggspatial’ 1.1.6 (Dunnington, 2021). 
We pooled together published and grey literature information, unless 
stated, and undertook descriptive and graphical analyses. To evaluate if 
there is an increasing trend on the number of studies by year, we ran a 
generalised additive model with mgcv::gam(), based on a Poisson error 
distribution, with number of publications as the response variable and 
year (as numeric) as the explanatory variable, using a cubic spline. 

A list of all documents and the associated metadata and data, along 
with the R code used for analysis is available in Daudt (2022). A 
collection of all digitised documents can be requested for the first 
author. 

3. Results 

In total, 304 selected documents were fully screened; from those, 96 
reported some interaction between waterbirds and plastics (Supple-
mentary material, Literature review). We found 62 published and 34 

grey literature studies with information on plastics and waterbirds in 
Brazil, up to December 2021. From the grey literature, only 8 (23.5%) 
were fully published, the remaining not (73.5%) or only partially (3%) 
published. From herein, we excluded from Results those eight grey 
documents that had their information regarding waterbirds-plastic in-
teractions fully published and a book chapter that has the same results 
published in a peer-reviewed journal (Colabuono and Vooren, 2006; 
Colabuono and Vooren, 2007), totalling 87 documents at the end. Four 
studies were published in 2022, up to May, although they were not 
included in the analyses (Azevedo-Santos et al., 2022; Costa et al., 2022; 
Nascimento et al., 2022; Robuck et al., 2022). Noteworthy, Azevedo--
Santos et al. (2022) reported on a duck (Anseriformes) entangled in a 
ghost fishing net. 

More than half of the studies were written in Portuguese (n = 45), 
including 20 published. The oldest document is Bege and Pauli (1989), 
who reported the use of plastic in nests by magnificent frigatebirds 
(Fregata magnificens), during 1981–1989 fieldwork. The first evidence of 
plastic ingestion by waterbirds in Brazil is from an Honours thesis 
(Zarzur, 1995), which analysed stomach contents of Procellariiformes 
collected between 1982 and 1995, in south Brazil demonstrating a se-
vere problem dating back at least to early 1980s. The GAM model 
showed that the number of publications is slightly increasing towards 
recent years (R2

adj = 0.10, χ2 = 5.74, p = 0.016; Fig. 1). 
Studies were highly biased towards the marine environment (78%), 

while 10% were in estuarine or mangrove habitats. Only five studies 
(7%) were in freshwater environments. Nevertheless, the vast majority 
of them are concentrated in coastal areas (Fig. 2). The orders Pro-
cellariiformes, Charadriiformes and Sphenisciformes, and the families 
Procellariidae, Spheniscidae, Laridae were the most numerously stud-
ied, primarily from marine or coastal environments (Fig. 3). Strikingly, 
entire speciose orders and families, typically from inland aquatic envi-
ronments, were not sampled at all—such as Anseriformes (but see 
Azevedo-Santos et al., 2022). The ten most-studied species feed pri-
marily on the marine environment, and the interaction most reported 
was plastic ingestion (Table 1). 

Studies focusing on diet aspects made up most of the interaction 
reports, followed by studies focusing on plastic interactions and 
breeding aspects (Fig. 4). Together, studies that did not primarily 
focused on plastic interactions summed up to 79% of the information 
collated, indicating plastic interactions as a secondary objective or an 
‘accidental’ outcome of most studies. Plastic ingestion was the most 
reported type of interaction (n = 58; 67%), followed by the use of plastic 
as nest material (n = 17; 19%) and entanglement (n = 7; 8%). 

Researchers used mainly descriptive metrics, with half reporting the 
frequency of occurrence and a third reporting the number of plastic 
items encountered (Supplementary material, Table S2). However, one 
third of the studies only mentioned the occurrence of plastic and did not 
quantify it (Supplementary material, Table S2). Robust statistical anal-
ysis was barely used (Tavares et al., 2016; Petry and Benemann, 2017; 
Tavares et al., 2017). Only nine studies reported the size of items, and 
four of those reported microplastics (Carlos et al., 2004; Colabuono 
et al., 2010; Rossi et al., 2019; Vanstreels et al., 2021). Additionally, 
although the authors did not report plastic sizes, Tavares et al. (2017) 
analysed particles larger than 1 mm, which likely included 
microplastics. 

4. Discussion 

We synthesized published and grey literature about interactions 
between waterbirds and plastics in Brazil and demonstrated substantial 
geographic and taxonomic gaps, in addition to low systematization of 
sampling efforts and poor plastic documentation (descriptive and 
physicochemical). From 206 waterbird species occurring in Brazil, only 
32% had at least one specimen investigated. However, even for the 
analysed species, little information is available, and 16 were reported as 
they did not interact with plastics (although their sample sizes ranged 
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between 1 and 3 individuals). Additionally, most reports were oppor-
tunistic, resulting from diet studies, in which plastics were reported in 
stomach contents. In these cases, the description of the plastic is su-
perficial, without the use of standard metrics or techniques to 

characterize polymers. While useful, studies without standard metrics 
limit our interpretation about plastic interactions and environmental 
contamination, making it difficult to infer how representative these 
samples are. Finally, the lack of a growth trend in the number of 

Fig. 1. Temporal trends in number of studies about interactions between waterbirds and plastics in Brazil, up to December 2021, by (top panel) type of document 
(published, grey literature) and (bottom panel) study aim. The top panel also shows GAM’s fitted smoother. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the Web version of this article.) 

Fig. 2. Geographical bias in sampling and number of studies about interactions between waterbirds and plastics in Brazil, up to December 2021. Panels show (a) 
published literature and (b) grey literature (unpublished). 
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publications about this topic does not follow the global pattern observed 
for studies with birds (Battisti et al., 2019) or targeting aquatic ecosys-
tems (Kasavan et al., 2021), suggesting that plastic contamination of 
waterbirds in Brazil is likely underestimated. Such shortcomings in the 
evaluation of waterbird-plastic interactions reveals opportunities for 
future studies in Brazil, and we provide recommendations to optimise 
research efforts. 

The inclusion of grey literature and documents written in Portuguese 
contributed substantially to synthesize information presented herein. 
Other review efforts to understand plastic interactions within countries 
and regions included non-published reports as well as documents in non- 
English languages as part of their literature review (Provencher et al., 
2015; O’Hanlon et al., 2017; Battisti et al., 2019). However, these 
documents were under-represented. For instance, Battisti et al. (2019), 
which is the biggest attempt to review bird-plastic interactions to date, 
had only 3 out of 171 documents written in languages other than En-
glish. By contrast, the number of peer-reviewed publications and book 
chapters written in Portuguese in the present study stood out. These 

were mostly published in Neotropical or Brazilian journals, and 
Brazilian-edited books. For some species, such as the masked booby 
(Sula dactylatra) (Schulz-Neto, 1998; Mariano and Targino, 2012) and 
the blue petrel (Halobaena caerulea) (Fonseca et al., 2001), documents in 
Portuguese were the only source of information regarding plastic in-
teractions. As such, despite interactions being recorded since the 1980s 
in Brazil, most records were not included in global syntheses (e.g. Li 
et al., 2016; Battisti et al., 2019; Kasavan et al., 2021). The inclusion of 
non-English documents in syntheses has been acknowledged in other 
fields as critical for a complete understanding of the topic (Konno et al., 
2020; Amano et al., 2021; Nuñez and Amano, 2021). For countries that 
English is not its native language(s), including native language(s) doc-
uments will likely increase the numbers of studies gathered and there-
fore the amount of information, as demonstrated in our study. Thus, we 
highly encourage this practice when reviewing plastic pollution impacts, 
especially at broad scales which will likely encompass regions where 
English is not the native language. 

Brazilian studies were mostly carried out in coastal regions in 

Fig. 3. Taxonomic bias in sampling and number of 
studies about interactions between waterbirds and 
plastics in Brazil, up to December 2021. The top 
panels show biases at the Order level and the bottom 
panels at the Family level (both ordered by the most 
species-richness taxa, in parenthesis). On the left, the 
percentage of species, within that taxa, with at least 
one specimen/individual analysed (dark grey) or not 
analysed (light grey); on the right, the number of 
publications by taxa, with red representing coastal, 
blue marine, and green continental species (darker 
colours means that studies recorded waterbird-plastic 
interaction, whereas light colours no interaction was 
recorded). Published and grey literature pooled. (For 
interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of 
this article.)   
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southern Brazil, which also made the taxonomic representativeness 
biased. South Brazil is an important foraging area for migratory Pro-
cellariiformes, Sphenisciformes and Charadriiformes, which are also 
frequently found dead in beach surveys (Tavares et al., 2021). Long-term 
beach surveys have been carried out by different institutions for decades 
in this region (e.g. Colabuono et al., 2009; Petry and Benemann, 2017), 
prompting studies sampling albatrosses, petrels and penguin carcasses 
since the 1980s (e.g. Zarzur, 1995). As a result, most of the current 
knowledge on plastic contamination in Brazil is strongly based on beach 
stranded avian carcasses. Beach monitoring programs have been carried 
out along most of the Brazilian coastline (e.g. Mariani et al., 2019; 
Tavares et al., 2021; Prado et al., in press), and synchronised samples 
obtained from beached carcasses could help fill some of the geographic 
and taxonomic gaps presented in this study. In addition, a recent gov-
ernment program began monitoring seabird colonies located on Brazil-
ian oceanic islands which could also contribute filling gaps about 
specific groups, such as Suliformes and Phaethontiformes, through the 
inclusion of non-invasive sampling in the protocols (e.g. faeces, regur-
gitated material, and nest materials). In this way, the coverage of in-
formation on plastic contamination in seabirds and shorebirds would 
expand in geography and taxonomy by adjusting current protocols in 
existing monitoring programs. 

Major freshwater systems and their biomes, such as the Amazon and 
Pantanal, did not have a single study reporting waterbirds interacting 
with plastics. Surprisingly, the identification of pollution (plastic, inor-
ganic, or organic contamination) was not among the research gaps 
highlighted for the Pantanal (Frota et al., 2020; Fernández-Arellano 
et al., 2021). The lack of waterbird studies in the Amazon Basin is also 
noteworthy, considering its vast area, about half the Brazilian territory. 
Nevertheless, it seems that the scarcity of information on 
waterbirds-plastic interactions in freshwater ecosystems in Brazil is due 

Table 1 
Summary of the number of studies, sample size and frequency of occurrence, by type of interaction, for the ten most-studied species reporting on waterbird-plastic 
interactions in Brazil, up to December 2021. Note that all species are seabirds and are ordered by the descending total number of studies by species. Year (range) 
presents the oldest and the newest sampling dates and does not mean necessarily continuity of sampling during this period. n.i. = not informed.  

Species Interactiona Studies Studies with 
plastics (%) 

Year 
(range) 

Sample size 
(total) 

Sample size 
(range) 

Frequency of occurrence 
(mean ± SD) 

Frequency of 
occurrence (range) 

Spheniscus 
magellanicus 

ingestion 22 100 1987–2021 1978 9–470 35.6 ± 24.1 2–87  

entanglement 3 100 1999–2010 15,031 1–14875 34.2 ± 57 0.05–100 
Puffinus puffinus ingestionb 15 80 1982–2021 260 1–52 35.9 ± 24.1 0–85.7  

entanglement 1 0 1999–2010 295 295 0 0 
Procellaria 

aequinoctialis 
ingestion 14 100 1982–2021 330 1–114 55.9 ± 23.4 25–100  

entanglement 1 100 1999–2010 256 256 1.2 1.2 
Ardenna gravis ingestion 12 100 1982–2016 377 1–121 81.9 ± 14.5 56.3–100  

entanglement 1 100 1999–2010 428 428 0.2 0.23 
Thalassarche 

chlororhynchos 
ingestion 11 81.8 1982–2021 115 1–27 26.3 ± 31 0–100  

entanglement 2 100 1999–2010 250 80–170 1.2 ± 0 1.2–1.2 
Sula leucogaster nestc 9 44.4 1984–2016 1177 31–288 20.2 ± 24.4 0–61  

ingestion 4 75 2006–2021 203 12–126 13.2 ± 13.5 0–30 
Thalassarche 

melanophris 
ingestion 11 100 1982–2016 283 2–59 31.4 ± 31.2 6–100  

entanglement 1 100 1999–2010 207 207 1.9 1.9 
Calonectris borealis ingestion 9 88.9 1982–2021 391 1–185 57.3 ± 34.9 0–100  

entanglement 1 0 1999–2010 349 349 0 0 
Larus dominicanusd ingestion 7 42.9 1994–2021 400 2–212 10.5 ± 19.2 0–50  

nest 2 50 1992–1999 107 107 0.4 ± 0.6 0–0.9  
entanglement 1 100 1999–2010 n.i. n.i. n.i. n.i. 

Ardenna grisea ingestion 7 85.7 1982–2013 64 1–27 53.8 ± 30.6 0–100  
entanglement 1 0 1999–2010 142 142 0 0  

a All studies reporting entanglement in these species are based on beach surveys and external carcass/individual evaluation. 
b Sick (1997) did not provide information regarding sample size and frequency of occurrence. 
c Schulz-Neto (1998); Krul (2004); Coelho et al. (2004); Barbosa-Filho and Vooren (2009) did not report sample size and/or frequency of occurrence; Kohlrausch’s 

(2003) data was considered two separate studies for the summary, given different location of colonies. 
d For nests, Krul (2004) did not report sample size but also did not report plastics on the nests; also, we assumed that the occurrence reported in Soares and Schiefler 

(1995) happened once, and calculated frequency of occurrence accordingly. For entanglement, Scherer et al. (2011) did not report sample size, however they report on 
one individual entangled in a fishing net. 

Fig. 4. Primarily aim of studies reporting on waterbird-plastic interactions in 
Brazil, up to December 2021. Published and grey literature pooled. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 
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to the lack of studies rather than the absence of environmental pollution 
or contamination, as plastics were reported in many wetlands and 
continental rivers (Giarrizzo et al., 2019; Gerolin et al., 2020; Faria 
et al., 2021). For example, plastic consumption by fishes in the Amazon 
was widespread (Andrade et al., 2019; Ribeiro-Brasil et al., 2020), as in 
streams of south and southeast Brazil (Garcia et al., 2020; Urbanski 
et al., 2020). Fishes could be a source of plastic contamination for wa-
terbirds, as they can indirectly ingest plastic from foraging activities (e. 
g. Jawad et al., 2021). Environmental contamination and the risk of 
secondary ingestion via trophic interactions with fish suggest that in-
teractions with plastics are likely under reported in continental water-
birds. Waterbirds plastic ingestion is not unprecedented as reported 
elsewhere (Gil-Delgado et al., 2017; Reynolds and Ryan, 2018). Rivers 
represent the main plastic routes from the continent to the ocean and 
Brazil is ranked 7th country in annual plastic flow to the ocean through 
continental runoffs (Meijer et al., 2021). 

In general, plastic contamination in waterbirds has been reported 
through studies designed with other primary objectives, especially those 
aimed at dietary analysis. The consequences are twofold. Firstly, as the 
study aim is not on reporting plastic interactions, rarely, if so, this result 
will be highlighted in the title, abstract or keywords of the study, thus 
not being easily ‘findable’ for synthesis and reviews—which may be 
worsen if the document is written in Portuguese (or any other non- 
English language). This could be very prejudicial as systematic review 
approaches usually include screening records based on title and abstract 
only. Secondly, plastics have been reported in a non-systematic or even 
informal way, so that none of the studies reported the standard metrics 
proposed by Provencher et al. (2017) (but see Vanstreels et al., 2021). A 
review on interactions of seabirds with marine plastics in the northeast 
Atlantic Ocean found only 37% of the studies focused on reporting the 
interactions and most failed in reporting the basic metrics (O’Hanlon 
et al., 2017). On the other hand, Baak et al. (2020) found that 61% of the 
documents analysed in a similar review for the circumpolar Arctic had 
focused on reporting plastic interactions with seabirds; even though, 
many studies did not report some of the basic metrics. In this context, a 
crucial step to increase robustness of analysis and inferences on water-
birds interacting with plastics is embrace the standard metrics proposed, 
such as frequency of occurrence, mean (with standard deviation or 
standard error), median and range for mass of ingested plastics per in-
dividual, and all plastics reported by category (Provencher et al., 2017). 

4.1. Recommendations  

(1) Identify and use sentinel species 

Identification and use of sentinel species is an approach used 
worldwide, which allows to understand patterns of contamination for 
different taxa, regions/biomes, and across time. Mobility, home range, 
population structure, foraging site fidelity, and dietary aspects are 
important information for defining indicator species. For example, 
brown boobies (Sula leucogaster) occur along most of the Brazilian coast 
(5◦N–28◦S) with marked genetic (Nunes and Bugoni, 2018), morpho-
logical (Nunes et al., 2017) and dietary (Souza, 2021) differences among 
breeding sites, suggesting adaptation and dependency to local condi-
tions. In this context, monitoring plastic contamination in distinct brown 
booby colonies could provide information on local environmental 
pollution along the Brazilian coast. Likewise, this rationale could be 
applied to other waterbird species with known movement and wide 
spatial distribution patterns, such as Neotropic cormorants (Nannopte-
rum brasilianum), which, in addition to nests for checking could also 
provide regurgitated pellets in roosting places throughout the year, in 
both inland and coastal regions (Barquete et al., 2008). Similarly, spe-
cies frequently stranded on the beach in several regions are good can-
didates as sentinels, such as great shearwater (Ardenna gravis) (Robuck 
et al., 2022). Seabirds have been used as sentinels of environmental 
contamination in the northern Atlantic Ocean for a long time (van 

Franeker et al., 2011; Nehring et al., 2017), a model that could be 
applied for waterbirds occurring in different Brazilian biomes. Thus, 
future studies should look for choosing sentinel species, benefiting from 
previous ecological knowledge at the population level to understand 
variations of plastic contamination in space and time, and then the de-
limitation of standard minimum protocol for long-term monitoring.  

(2) Adjust monitoring programs in place to understand waterbird- 
plastic interactions 

An excellent opportunity to implement systematic assessment of 
plastic contamination in waterbirds is the monitoring programs already 
in place in Brazil. Large monitoring programs in Brazil are mainly 
dedicated to assessment of oil contamination (beach surveys) or to 
breeding/demographic aspects in colonies. These protocols could be 
complemented for systematically monitoring plastic contamination, as 
they ease access to biological samples with the logistics and facilities 
already in place. Beach surveys could be used as a mean to collect and 
sample carcasses to access plastic ingestion across a large geographic 
area (e.g. Trevail et al., 2015), by many resident and migratory species. 
Likewise, breeding/demographic assessment programs could collect 
data regarding plastics used as nest materials through collection and/or 
photographic methods (Costa et al., 2022), and from faeces and regur-
gitated material for understanding ingestion. Additionally, these pro-
grams could incorporate data from beach clean-ups and plastics in the 
surrounding areas (e.g. marshes) and use it as a proxy for the availability 
of plastics for birds to interact with (e.g. Tavares et al., 2019; van de 
Crommenacker et al., 2021; Weitzel et al., 2021). Such protocols should 
also include reports/publications using standard metrics proposed by 
Provencher et al. (2017), to facilitate and make it useful for future 
meta-analysis. Besides, these protocols should account for different size 
classes of plastics as well, as environmental pollution by microplastics (1 
μm–5 mm size) and nanoplastics (particles size <1 μm) is a growing 
issue worldwide. The knowledge gap on waterbird contamination by 
micro and nanoplastics needs to be urgently filled in Brazil, and moni-
toring programs could be a way to achieve it.  

(3) Multidisciplinary teams targeting a comprehensive analysis of 
plastic pollution 

Another important gap to be filled refers to polymers identification 
and characterization, implying the use of refined techniques for the 
physicochemical characterization of plastic items. The classification of 
particles according to shape, size, color, and chemical composition are 
crucial to allow inferences about sources and pathways of contamina-
tion. However, it does require study techniques (e.g. scanning electron 
microscopy for physical characterization, and Raman/μ-Raman analysis 
or Fourier-transform infrared for chemical characterization; Tirkey and 
Upadhyay, 2021) and control methods which may not be easily accessed 
and performed by professionals dedicated to biological sampling (i.e. 
mostly biologists and veterinarians). Thus, it is important to develop 
studies by multidisciplinary teams composed by professionals and lab-
oratories with complementary skills and facilities from Biological, Vet-
erinary, Chemistry, and Engineering Sciences. This will ensure an 
end-to-end scientific rigor assessing plastic contamination of waterbirds.  

(4) Create opportunities: grant allocations and outreach 

Assessment and mitigation of plastic pollution may also be carried 
out through the allocation of resources and efforts towards research 
dedicated to this topic, and the awareness of society in relation to the 
consequences of such contamination. Research funding agencies should 
allocate specific calls for the assessment of environmental pollution in 
Brazil, which would be an opportunity to fill in the gaps regarding 
waterbird contamination as well. Finally, monitoring and communi-
cating through charismatic species (e.g. González-Carman et al., 2021), 
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such as waterbirds, can be an important tool to reach society with 
messages related to non-generation, reduction, reuse, recycling and 
treatment of solid waste. Environmentally adequate waste disposal 
propaganda, as disposed in the Brazilian National Policy on Solid Waste 
(Federal Law No. 12305/2010), could also benefit from charismatic 
species. 

5. Conclusion 

Annual global production of plastic has doubled over the past two 
decades and plastic waste has more than doubled over the same period, 
representing an upward trend in plastic consumption (Geyer et al., 
2017). Mitigation measures currently in place will not be able to cope 
with such amount of mismanaged waste (Borrelle et al., 2020). In Brazil, 
large urban cities located in coastal regions (e.g. Rio de Janeiro, Santos) 
or along important rivers (e.g. Manaus, São Paulo) are still the main 
source responsible for plastic leakage into the environment (Associação 
Brasileira de Empresas de Limpeza, 2021), making Brazil appearing in 
the top rank of countries contributing to plastics into the oceans (Meijer 
et al., 2021). In addition, the country’s coastline is exposed to pollution 
from the open ocean, especially from the South Atlantic Ocean (Cozar 
et al., 2014; Chassignet et al., 2021). Given this scenario, the trend is for 
plastics to continue being released into aquatic environments and 
consequently to remain available for interactions with waterbirds. 

In this synthesis we highlight significant knowledge gaps in our 
understanding about waterbird-plastic interactions in Brazil. Given the 
country’s waterbird diversity and vast area covered by aquatic envi-
ronments, it is imperative that coordinated actions for the diagnosis and 
monitoring of these interactions are developed and put into practice. 
Information is not currently available for the majority of species and 
large regions are still without any information regarding waterbird- 
plastic interactions. Increasing taxonomic and geographic coverage of 
research efforts is essential for understanding the issue, its magnitude, 
and its possible conservation consequences for waterbirds. Finally, these 
efforts must embrace standard collection and reporting procedures to 
establish a country-wise baseline and enable future comparisons across 
space and time in Brazil and internationally. 
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Brasil 2020. ABRELPE, São Paulo, SP, Brazil, p. 53. 

Azevedo-Santos, V.M., Brito, M.F.G., Manoel, P.S., Perroca, J.F., Rodrigues-Filho, J.L., 
Paschoal, L.R.P., Gonçalves, G.R.L., Wolf, M.R., Blettler, M.C.M., Andrade, M.C., 
Nobile, A.B., Lima, F.P., Ruocco, A.M.C., Silva, C.V., Perbiche-Neves, G., Portinho, J. 
L., Giarrizzo, T., Arcifa, M.S., Pelicice, F.M., 2021. Plastic pollution: a focus on 
freshwater biodiversity. Ambio 50, 1313–1324. https://doi.org/10.1007/s13280- 
020-01496-5. 

Azevedo-Santos, V.M., Hughes, R.M., Pelicice, F.M., 2022. Ghost nets: a poorly known 
threat to Brazilian freshwater biodiversity. An. Acad. Bras. Ci. 94, e20201189 
https://doi.org/10.1590/0001-3765202120201189. 

Baak, J.E., Linnebjerg, J.F., Barry, T., Gavrilo, M.V., Mallory, M.L., Price, C., 
Provencher, J.F., 2020. Plastic ingestion by seabirds in the circumpolar Arctic: a 
review. Environ. Rev. 28, 506–516. https://doi.org/10.1139/er-2020-0029. 

Barbosa-Filho, R.C., Vooren, C.M., 2009. Monitoramento da avifauna. In: Viana, D.L., 
Hazin, F.H.V., Souza, M.A.C. (Eds.), O Arquipélago de São Pedro e São Paulo: 10 
anos de estação científica. SECIRM, Brasília, pp. 260–268. 

Barnes, D.K.A., Walters, A., Gonçalves, L., 2010. Macroplastics at sea around Antarctica. 
Mar. Environ. Res. 70, 250–518. https://doi.org/10.1016/j.marenvres.2010.05.006. 

Barquete, V., Bugoni, L., Vooren, C.M., 2008. Diet of Neotropic cormorant (Phalacrocorax 
brasilianus) in an estuarine environment. Mar. Biol. 153, 431–443. https://doi.org/ 
10.1007/s00227-007-0824-8. 

Battisti, C., Staffieri, E., Poeta, G., Sorace, A., Luiselli, L., Amori, G., 2019. Interactions 
between anthropogenic litter and birds: a global review with a ‘black-list’ of species. 
Mar. Pollut. Bull. 138, 93–114. https://doi.org/10.1016/j.marpolbul.2018.11.017. 

Bege, L.A.R., Pauli, B.T., 1989. As aves nas ilhas Moleques do Sul, Santa Catarina: 
aspectos da ecologia, etologia e anilhamento de aves marinhas. FATMA, 
Florianópolis.  
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recorte espacial da costa sudeste e sul do Brasil, de 2015 a 2019. Biodiv. Bras. 12, 
15–24. https://doi.org/10.37002/biobrasil.v12i1.1855. 

Nehring, I., Staniszewska, M., Falkowska, L., 2017. Human hair, Baltic grey seal 
(Halichoerus grypus) fur and herring gull (Larus argentatus) feathers as accumulators 
of bisphenol A and alkylphenols. Arch. Environ. Contam. Toxicol. 72, 552–561. 
https://doi.org/10.1007/s00244-017-0402-0. 

N.W. Daudt et al.                                                                                                                                                                                                                               

https://doi.org/10.3389/fmars.2021.667
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref20
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref20
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref20
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref20
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref20
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref21
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref21
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref21
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref21
http://refhub.elsevier.com/S0269-7491(22)01829-2/optqJ3uMBJ3ZR
http://refhub.elsevier.com/S0269-7491(22)01829-2/optqJ3uMBJ3ZR
http://refhub.elsevier.com/S0269-7491(22)01829-2/optqJ3uMBJ3ZR
http://refhub.elsevier.com/S0269-7491(22)01829-2/optqJ3uMBJ3ZR
https://doi.org/10.1016/j.marpolbul.2008.08.020.570
https://doi.org/10.1016/j.marpolbul.2008.08.020.570
https://doi.org/10.1016/j.marpolbul.2010.01.018
https://doi.org/10.1016/j.scitotenv.2021.147462
https://doi.org/10.1016/j.marpolbul.2022.113357
https://doi.org/10.1016/j.marpolbul.2022.113357
https://doi.org/10.1073/pnas.1314705111
https://doi.org/10.5281/zenodo.7314740
https://doi.org/10.1016/j.biocon.2019.06.033
https://doi.org/10.1016/j.biocon.2019.06.033
https://doi.org/10.1016/j.jglr.2014.12.020
https://doi.org/10.1016/j.jglr.2014.12.020
https://CRAN.R-project.org/package=ggspatial.%20R%20package%20version%201.1.5
https://CRAN.R-project.org/package=ggspatial.%20R%20package%20version%201.1.5
https://doi.org/10.1371/journal.pone.0111913
https://doi.org/10.1016/j.cscee.2021.100088
https://doi.org/10.1111/ibi.12931
https://doi.org/10.1111/ibi.12931
https://doi.org/10.1016/j.marpolbul.2020.111044
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref34
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref34
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref35
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref35
https://doi.org/10.3897/neotropical.15.e52905
https://doi.org/10.1016/j.marpolbul.2014.12.041
https://doi.org/10.3390/hydrology7040090
https://doi.org/10.3390/hydrology7040090
https://doi.org/10.1007/s11270-020-04802-9
https://doi.org/10.1016/j.scitotenv.2020.141604
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1002/fee.2071.672
https://doi.org/10.1002/fee.2071.672
https://doi.org/10.1016/j.envpol.2016.09.054.677
https://doi.org/10.14344/IOC.ML.11.2
https://doi.org/10.14344/IOC.ML.11.2
https://doi.org/10.3389/fmars.2021.699100
https://doi.org/10.3389/fmars.2021.699100
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref46
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref46
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref46
https://doi.org/10.2112/SI65-009.1.88539
https://doi.org/10.1126/science.1260352
https://doi.org/10.1016/j.marpolbul.2021.112652
https://doi.org/10.1016/j.jclepro.2021.127946
http://refhub.elsevier.com/S0269-7491(22)01829-2/optySEfVyL6UC
http://refhub.elsevier.com/S0269-7491(22)01829-2/optySEfVyL6UC
http://refhub.elsevier.com/S0269-7491(22)01829-2/optySEfVyL6UC
https://doi.org/10.1002/ece3.6368
http://refhub.elsevier.com/S0269-7491(22)01829-2/optCjMag5Sfa9
http://refhub.elsevier.com/S0269-7491(22)01829-2/optCjMag5Sfa9
https://doi.org/10.1111/mec.15444
https://doi.org/10.1111/mec.15444
https://doi.org/10.1016/j.scitotenv.2016.05.084
https://doi.org/10.1016/j.scitotenv.2016.05.084
https://doi.org/10.1007/BF03544338
https://doi.org/10.1590/1678-5150-pvb-5812
https://doi.org/10.1590/1678-5150-pvb-5812
https://doi.org/10.5007/2175-7925.2012v25n4p285
https://doi.org/10.1016/j.joi.2018.09.002
https://doi.org/10.1016/j.joi.2018.09.002
https://doi.org/10.7291126/sciadv.aaz5803
https://doi.org/10.1007/s12286-021-00491-8
https://doi.org/10.1007/s12286-021-00491-8
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref60
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref60
http://refhub.elsevier.com/S0269-7491(22)01829-2/sref60
https://doi.org/10.1016/j.csr.2008.03.012
https://doi.org/10.1016/j.csr.2009.11.015
https://doi.org/10.1016/j.csr.2009.11.015
https://doi.org/10.1016/j.envpol.2018.01.096
https://doi.org/10.1016/j.envpol.2018.01.096
https://doi.org/10.1016/j.marpolbul.2013.10.035
https://doi.org/10.1016/j.marpolbul.2013.10.035
https://doi.org/10.37002/biobrasil.v12i1.1855
https://doi.org/10.1007/s00244-017-0402-0


Environmental Pollution 316 (2023) 120615

10

Neuwirth, E., 2014. RColorBrewer: ColorBrewer palettes. URL: https://CRAN.R-project. 
org/package=RColorBrewer. R package version 1.1-2. 

Nunes, G.T., Bugoni, L., 2018. Local adaptation drives population isolation in a tropical 
seabird. J. Biogeogr. 45, 332–341. https://doi.org/10.1111/jbi.13142. 

Nunes, G.T., Mancini, P.L., Bugoni, L., 2017. When Bergmann’s rule fails: evidences of 
environmental selection pressures shaping phenotypic diversification in a 
widespread seabird. Ecography 40, 365–375. https://doi.org/10.1111/ecog.02209. 
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Souza, J.J., 2021. Padrões biogeográficos da dieta de Sula leucogaster (Suliformes: 
Sulidae) no Brasil. B.Sc. (Hons). Universidade Federal do Rio Grande do Sul. Imbé, 
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