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Abstract
Concerns about the impact of plastics pollution on the environment have been growing since the 1970s. Marine debris has
reportedly entangled and (or) been ingested by 914 marine species ranging from microinvertebrates to large marine mammals. Shorebirds have a high potential to be exposed to and ingest plastics pollution, as many species migrate long distances
and periodically concentrate around shorelines, coastal areas, and estuaries that can have elevated levels of plastics pollution. Currently, little is understood about plastics exposure, frequency of occurrence (FO), and potential impacts relating to
shorebirds. In this study, we catalogued and reviewed available studies across the globe that examined plastics pollution in
shorebirds. We then quantiﬁed relevant traits of species and their environments to explore how shorebirds may be exposed
to plastics pollution. Of 1106 samples from 26 shorebird species described within 16 studies that examined plastic ingestion,
53% of individuals contained some form of plastics pollution. Overall, Haematopodidae (oystercatchers) had the highest FO of
plastics, followed by Recurvirostridae (avocets), Scolopacidae (sandpipers, phalaropes, godwits, and curlews), and Charadriidae
(plovers). Plastics FO was much greater among species that migrated across marine areas (either oceanic or coastal) than those
species that used continental ﬂyways. Species that foraged at sea, on mudﬂats, or on beaches had higher average FO of plastic
ingestion than species that foraged in upland or freshwater environments. Finally, species that used a sweeping foraging mode
showed higher levels of ingested plastics and contained a far greater number of plastic pieces than all other techniques. These
conclusions are based on a limited number of species and samples, with the distribution of samples skewed taxonomically and
geographically. Using the combined knowledge of known shorebirds–plastics interactions and shorebird ecology, we present a
hierarchical approach to identifying shorebirds that may be more vulnerable and susceptible to plastic ingestion. We provide
recommendations on sampling protocols and future areas of research.
Key words: plastic, pollution, marine litter, waders, shorebirds

Résumé
Les préoccupations en matière d’impact de la pollution plastique sur l’environnement se sont accrues depuis les années
1970. Les débris marins auraient entravé ou été ingérés par 914 espèces marines allant des micro-invertébrés aux grands
mammifères marins. Les oiseaux de rivage sont très susceptibles d’être exposés à la pollution plastique et de l’ingérer, car de
nombreuses espèces migrent sur de longues distances et se concentrent périodiquement autour des rivages, des zones côtières
et des estuaires qui peuvent présenter des niveaux élevés de pollution plastique. À l’heure actuelle, on connaît peu de choses
sur l’exposition aux plastiques, la fréquence et les impacts potentiels sur les oiseaux de rivage. Dans cette étude, les auteurs ont
catalogué et synthétisé les études disponibles à travers le monde qui se sont penchées sur la pollution plastique chez les oiseaux
de rivage. Ils ont ensuite quantiﬁé les caractéristiques pertinentes des espèces et de leurs environnements aﬁn d’explorer
comment les oiseaux de rivage peuvent être exposés à la pollution plastique. Sur 1106 échantillons provenant de 26 espèces
d’oiseaux de rivage décrites dans 16 études qui ont examiné l’ingestion de plastiques, 53 % des individus comportaient une
certaine forme de pollution plastique. Dans l’ensemble, les Haematopodidae (huîtriers) présentaient la fréquence d’occurrence
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(FO) la plus élevée de plastiques, suivis des Recurvirostridae (avocettes), des Scolopacidae (bécasseaux, phalaropes, barges,
courlis) et des Charadriidae (pluviers). La FO de plastiques était beaucoup plus importante chez les espèces qui migraient à
travers les zones marines (océaniques ou côtières) que chez les espèces qui utilisaient les voies de migration continentales. Les
espèces qui se nourrissaient en mer, dans les vasières ou sur les plages présentaient une FO moyenne d’ingestion de plastiques
plus élevée que les espèces qui se nourrissaient dans les environnements de hautes terres ou d’eau douce. Enﬁn, les espèces qui
utilisaient un mode de recherche de nourriture par balayage présentaient des niveaux plus élevés d’ingestion de plastiques
et contenaient un nombre beaucoup plus important de morceaux de plastique que celles qui utilisaient toutes les autres
techniques. Ces conclusions sont basées sur un nombre limité d’espèces et d’échantillons, la distribution des échantillons étant
biaisée sur le plan taxonomique et géographique. En utilisant les connaissances combinées des interactions connues entre les
oiseaux de rivage et les plastiques et de l’écologie des oiseaux de rivage, les auteurs présentent une approche hiérarchique
pour identiﬁer les oiseaux de rivage qui pourraient être plus vulnérables et susceptibles d’ingérer des plastiques. Ils formulent
des recommandations sur les protocoles d’échantillonnage et les futurs domaines de recherche. [Traduit par la Rédaction]
Mots-clés : plastique, pollution, déchets marins, échassiers, oiseaux de rivage

Introduction
Concerns about the impact of plastics pollution on the
environment have been growing since the 1970s. Initially,
plastics pollution was thought to be primarily distributed
around heavily populated areas; however, studies demonstrate that environmental vectors such as ocean currents
(Maximenko et al. 2012), wind, snow, rain (Allen et al. 2019),
and wildlife (Hammer et al. 2016; Provencher et al. 2018;
Bourdages et al. 2020) transport plastics around the world.
Indeed, plastics pollution is found in a myriad of terrestrial
habitats (de Souza Machado et al. 2018), including numerous
protected areas (Brahney et al. 2020), near both poles (Lusher
et al. 2015; Lacerda et al. 2019), in all oceans (Eriksen et
al. 2014), across freshwater systems (Wagner et al. 2014;
Cable et al. 2017; Shahul Hamid et al. 2018), in remote
alpine environments (Allen et al. 2019; Ambrosini et al. 2019;
Napper et al. 2020), and in the air animals breathe (Gasperi
et al. 2018). Given the widespread distribution of plastics
pollution in the environment, it is becoming increasingly
important to understand the risk of exposure and effects of
plastics pollution on wildlife (Vegter et al. 2014; ECCC 2020;
Provencher et al. 2020).
Current knowledge on the occurrence of plastics pollution
interacting with animals (hereinafter termed “plastic interactions”) and the resulting effects on wildlife is primarily from
marine environments. Plastics pollution has reportedly entangled and (or) been ingested by 914 marine species ranging from microinvertebrates to large marine mammals (Kühn
and van Franeker 2020); this number continues to grow as
more studies examine new species for plastic interactions.
Many marine birds are particularly susceptible to ingestion
because of their movements, diet, feeding modes, and morphology (Wilcox et al. 2015). Although these traits are not
unique to seabirds, few studies have investigated susceptibility of other avian taxa to plastics. The exceptions include
studies on plastics pollution ingestion in passerines (dippers;
D’Souza et al. 2020 ), raptors (Carlin et al. 2020; Ballejo et
al. 2021), and shorebirds (Lourenço et al. 2017), highlighting
the potential for other groups to be affected and the importance of expanding investigations to other susceptible avian
taxa. The vulnerability and potential exposure of other bird
species to plastics pollution are important to consider, since
seabirds account for only ∼3.5% of the 9800 bird species globally (Gill et al. 2021). Additionally, birds have some of the
2

largest and widespread distributions covering both marine
and terrestrial environments on all the continents and ocean
basins and may serve as good indicators of plastics pollution
interactions.
Although plastics pollution can be found across the globe,
it is distributed non-uniformly, leading to differences in the
vulnerability or exposure of birds to interactions with plastics pollution among regions and habitats. For example, plastics pollution often accumulates in subtropical gyres and
∼65% more plastics occur in the Paciﬁc Ocean than the Atlantic (Eriksen et al. 2014). Estuaries and beaches may have
particularly high levels of microplastics (<5 mm in size),
as the environmental conditions (e.g., wave action and eddies) in these areas more easily break down larger plastic
pieces, which then settle in sediment (Browne et al. 2011;
Wessel et al. 2016; Bessa et al. 2018; Thushari and Senevirathna 2020). Bird species predominantly using these areas may therefore be at higher risk to plastics pollution
exposure.
While some effects of plastics pollution ingestion on some
avifauna are relatively well documented, the risk and magnitude of the effect on different birds vary widely. Large birds,
which can ingest macroplastics (>20–100 mm), might disproportionately suffer structural damage or blocked gastrointestinal tracts (Roman et al. 2019) compared to the effects of
ingesting small plastic pieces. In contrast, small birds that are
limited to ingesting microplastics may be disproportionately
affected by plastics pollution absorbed directly into their tissues (large birds are susceptible to this as well; see Lavers et al.
2019), although blockage is still possible (Teuten et al. 2009;
Tanaka et al. 2013; Padula et al. 2020). Furthermore, a species’
ability to regurgitate ingested items may also lower the risk
of accumulating plastics pollution and experiencing lethal or
sublethal effects (Seif et al. 2018).
Shorebirds have a high potential to be exposed to and
ingest plastics pollution, but have largely been overlooked
in plastics pollution research. Many species migrate long
distances and periodically concentrate around shorelines,
coastal areas, and estuaries (Colwell 2010), which tend to
have elevated levels of plastics pollution. However, less is
understood about plastics pollution exposure, frequency of
occurrence (%FO), and potential impacts on this widespread
group of birds. For example, there are no reports of entanglement of shorebirds by plastics pollution, so it does not show
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up in this review. We feel that it is important to note this (see
Methods for more about scope), however, as reporting zeros
in plastics pollution research is as important as reporting positives (after Liboiron et al. 2018).
Determining impacts from plastics pollution exposure/ingestion to shorebirds is particularly important because many shorebird populations are declining worldwide
(Andres et al. 2012; Rosenberg et al. 2019; Smith et al. 2020).
While experts suggest that these declines are a result of
widespread habitat alteration and climate change impacts at
migration and non-breeding sites (Thomas et al. 2006; Studds
et al. 2017), the importance of other pervasive threats, such
as plastics pollution, may be underestimated. Currently, the
potential negative effects of plastics pollution on shorebirds
are recognized in few conservation or species at risk documents (COSEWIC 2000). The failure to recognize this threat is
largely due to insufficient information on plastics pollution
exposure/ingestion and its potential negative effects on most
bird species (Browne et al. 2015; Werner and O’Brien 2018
). Importantly, a major problem with plastics pollution is
that it is persistent and challenging to reverse. Even with
mitigation efforts underway, the plastics pollution currently
in the environment will persist for decades or potentially
centuries (MacLeod et al. 2021), meaning species will be
exposed to this contaminant for many generations to come.
In shorebirds, foraging mode and diet likely inﬂuence the
ingestion of plastics pollution and therefore the impact of
plastics (as in seabirds; Baak et al. 2020b). Species that forage
using visual or olfactory cues, or are non-selective in their
prey choice, may be more susceptible to ingesting plastics
pollution than those that forage using other senses (Moser
and Lee 1992; Savoca et al. 2016; Savoca 2018). Similarly,
species that feed at the water surface or convergent zones,
where plastics pollution accumulates in the environment
(Ryan 2016; Roman et al. 2019), appear to be more susceptible than other species that feed in the water column where
plastics pollution does not accumulate regularly (Poon et al.
2017; Baak et al. 2020b). Besides primary ingestion of plastics
pollution noted above, species may also accumulate plastics
through secondary ingestion (i.e., when their prey ingest plastics; Hipfner et al. 2018; Provencher et al. 2019). It is likely
that shorebirds ingest plastics pollution both directly and
indirectly, as seen in other bird taxa. This has not received
much attention, and little is known on how levels of plastic
ingestion vary across species and their habitats.
In this study, we had two objectives surrounding plastics
pollution ingestion by shorebirds. First, we catalogued and
reviewed available studies across the globe that examined
plastics pollution ingestion in shorebirds. We used this information to quantify the traits of species and their habitats
to explore how shorebirds may be exposed to plastics pollution. Second, we combined this knowledge of plastics pollution interactions in shorebirds with their ecology to identify
shorebird species that may be more vulnerable and susceptible to plastics pollution ingestion. We used a hierarchical approach to identify shorebird vulnerability that consisted of
the family of shorebirds, the type of migratory ﬂyway used
(e.g., oceanic and continental), seasons of the annual cycle,
foraging habitat and mode, and body mass of individuals of
Environ. Rev. 00: 1–15 (2022) | dx.doi.org/10.1139/er-2022-0008

a given species. Our overall goal was to identify knowledge
gaps and inform critical research needs to better understand
how shorebirds may be exposed to plastics pollution.

Approach
Literature review and information solicitation
To locate publications involving shorebirds and plastic interactions, we used the Web of Science and Google
Scholar search engines with the following targeted search
terms: “shorebird∗ plastic∗ ”, “wader∗ plastic∗ ”, “shorebird∗
pollut∗ ”, and “wader∗ pollut∗ ”. We included all literature
published prior to September 2020. Given that older literature on plastics pollution is often difficult to detect via
searchable databases, we also reviewed recent review articles that have targeted plastics pollution ingestion and entanglement in vertebrates in general (e.g., Provencher et
al. 2017). Finally, we also solicited information on shorebirds and plastic interactions from various shorebird professional networks distributed across the world (e.g., the
Western Hemisphere Shorebird Group, International Wader
Study Group, East Asian-Australasian Flyway Partnership’s
Shorebird Working Group, and regional shorebird listservs)
and social media (Twitter and Facebook). We asked for papers, unpublished reports, and data from the ﬁeld of shorebirds and plastics pollution to be submitted to the lead author for review and inclusion. For our search, we considered all ∼255 recognized shorebird species from all families
(Gill et al. 2021); however, our search only identiﬁed plastic interactions with species belonging to three suborders
of Charadriiformes: Scolopaci (sandpipers, curlews, snipes,
and phalaropes), Chionidi (thick-knees and sheathbills), and
Charadrii (avocets, stilts, oystercatchers, plovers, and lapwings). Given the gap in knowledge around the effects of plastics on shorebirds, we did not focus on a speciﬁc size class of
plastic, but instead conducted a search for all available information that we could ﬁnd, inclusive of megaplastic (>20 cm)
down to microplastics (<5 mm).

Hierarchical approach to understanding
susceptibility
To develop a better understanding of the ecological traits
that make a species more susceptible to plastic ingestion, we
used the following hierarchical approach. Based on the literature review, we extracted two metrics of plastics pollution in
birds across studies: FO (%FO, the proportion of sampled individuals that contained plastic) and abundance (the number of
plastic pieces in each individual). From these metrics, we related the %FO and abundance of plastics to ﬂyway geography,
foraging habitat, foraging mode, and body size. We ranked
our conﬁdence in our trait assessments as High or Low based
on the results of the literature review, ecological information
from Birds of the World (Billerman et al. 2020), and the authors’ combined collective knowledge (i.e., “expert opinion”;
Drescher et al. 2013). This initial decision was made by one
author (S.F.) and conﬁrmed by ﬁve other authors with extensive bird knowledge (R.L., M.M., J.P., M.D., and S.K.). To classify species’ ﬂyway geography, foraging habitat, and forag3
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ing mode, we referenced Birds of the World (Billerman et al.
2020) for supporting data. For ﬂyway geography, we classiﬁed
species as using oceanic, coastal, or continental routes. We
classiﬁed non-migratory species based on the primary geography they used year-round. Foraging habitat included beaches,
mudﬂats, upland, freshwater, and marine waters. Because a
species’ ﬂyway geography and foraging habitats can change
during the year and thereby inﬂuence exposure to plastics
pollution, notably for long-distance migrants such as most
shorebirds (e.g., Pratte et al. 2020), we considered the geography and foraging habitat used at the time the species was
sampled.
For foraging mode, we used a modiﬁed classiﬁcation of
foraging methods described by Thomas et al. (2006) that included visual, mainly visual but with some tactile, an even
mixture of visual and tactile, mainly tactile with some visual, and scything/sweeping. Where possible, we used classiﬁcation scores already provided by Thomas et al. (2006), but
for those species not scored we used general foraging guild
associations of already scored species and the Birds of the
World (Billerman et al. 2020). Lastly, we used body mass data
from Birds of the World to assign an average weight to each
species.
Sample sizes and effect sizes of some published variables were not appropriate for more detailed modelling approaches or meta-analyses. Thus, we used both Pearson’s
correlations and generalized linear models to test for relationships among response and explanatory variables. When
testing for variation in %FO among ﬂyway geography, foraging habitat, and foraging modes, we used individual generalized linear models with a quasi-binomial distribution.
For models testing for variation among total number of
plastic pieces, we log(n + 1) transformed the response. All
statistical analyses were done using R version 4.2 (R Core
Team 2021).

Current state of knowledge
General reporting
Our literature search and expert network request yielded
16 peer-reviewed articles, theses, or reports that examined
plastics pollution ingestion in 26 shorebird species in 21 regions from 10 countries (Table 1; Supplementary Table S1;
Fig. 1). While no studies described shorebirds being entangled with plastics pollution, ingestion of plastic was common.
This was ﬁrst reported in 1969 (red phalaropes Phalaropus fulicarius and red-necked phalaropes P. lobatus; Bond 1971; Day
1980) and the most recent publication was 2019 (American
oystercatcher Haematopus palliatus; Rossi et al. 2019). From the
16 literature sources, a total of 1106 shorebird samples were
described, including 913 fecal samples and 193 preserved carcasses. Fifty-three percent of these samples contained some
form of plastics pollution, including 54% of the fecal samples
and 50% of the carcasses.

Plastics abundance and weights
The abundance and occurrence of plastics were linked in
shorebirds. Counts of plastic pieces were positively corre4

lated with plastics %FO in the nine studies that included
both types of information (Pearson correlation, r1,35 = 0.52,
P < 0.001; Fig. 2A). Of the bird carcasses that were necropsied, oystercatcher species contained the highest number
of plastic pieces (American oystercatcher: 29.1 pieces per
bird on average, n = 24, pied oystercatcher Haematopus longirostris: 20 pieces, n = 1). Red phalarope were next, with
an approximate (exact numbers were not always published)
average of 10.5 pieces per individual (n = 83) across studies and areas. Lourenço et al. (2017) uniquely reported plastics threads/mL in fecal samples collected at three different sites. They found plastics pollution abundances varied
across sites and among species, with pied avocet (Recurvirostra avosetta; 17.78 ﬁbres/mL) and dunlin (Calidris alpina;
7.22 ﬁbres/mL) containing the highest concentrations of plastics, and whimbrel (Numenius phaeopus; 0.1 ﬁbres/mL) the
lowest.
Seven of the 15 papers in which plastics pollution
was found included weights of microplastics found during
necropsies of individual shorebirds, the majority of which
(n = 5) focused on red or red-necked phalarope. Weights of
ingested plastics ranged from 0.03 to 7.7 g per bird (n = 58)
for red phalarope (Connors and Smith 1981; Moser and Lee
1992) and from 0.01 to 3.7 g per bird (n = 39) for red-necked
phalarope (Day 1980; Moser and Lee 1992). By comparison,
plastics found in American oystercatcher, which are approximately 10–12 times heavier than either phalarope species,
weighed an average of 0.29 g per bird (range: 0.01–1.4 g; Rossi
et al. 2019).

Plastics quality and type
In ﬁve of the 16 papers, Quality Assurance and Quality Control (QA/QC) protocols were described, or studies referenced
established protocols. Five studies also described the minimum sieve size (min = 0.02 mm, max = 5 mm) or quantiﬁcation technique used to estimate the amount of plastics.
Eight studies included more detailed information on types or
colours of plastics ingested, but only six had detailed information on both traits. Four of six of these studies, however,
included information by grouping either the type or colour
of plastics ingested across species or sites. Furthermore, the
level of detail varied across these studies. For example, three
studies included the %FO of industrial versus user plastics.
These studies found that shorebirds had higher levels of user
plastics in comparison to industrial plastics (e.g., Drever et
al. 2018: 82.0% user to 17.1% industrial; Rossi et al. 2019: 87%
user to 13% industrial). One study also reported the %FO of
speciﬁc plastics attributes (e.g., fragment, 61%; pellet, 17%;
sheet, 7.2%; foam, 6.3%; Styrofoam, 3.6%; rubber, 2.7%; thread,
0.9%; and wax, 0.9%; Zhu et al. 2019). Similarly, ﬁve studies included colours across the spectrum, while one reported the
prevalence of light and dark, and another the prevalence of
light, mid, and dark plastics. Generally, plastics pollution ingested by shorebirds tended to be off white/clear/beige (off
white/clear: 66%, Drever et al. 2018; white/beige: 58%, Rossi
et al. 2019), although studies did not report the prevalence
of different coloured plastics pollution available to foraging
birds.
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Family/species

Country/region

Plastics occurrence:
percentage with plastics (no.
of individuals sampled)

Abundance (average no. of
pieces/individual or
concentrations/mL)

Minimum size
limit

Sampling year

Sample type

2013–2015

Fecal

25 (24)

0.5 (a)

0.01 mm

Lourenço et al. 2017

Portugal

2013–2015

Fecal

73 (26)

4.31 (a)

0.01 mm

Lourenço et al. 2017

Guinea-Bissau

2013–2015

Fecal

13 (47)

0.34 (a)

0.01 mm

Lourenço et al. 2017

Mauritania

2013–2015

Fecal

69 (41)

4.95 (a)

0.01 mm

Lourenço et al. 2017

Portugal

2013–2015

Fecal

70 (30)

4.85 (a)

0.01 mm

Lourenço et al. 2017

Little ringed plover

Malta

<2018

Necropsy

0 (1)

0

1 mm

Masked lapwing

Australia

2013

Necropsy

0 (5)

0

—
—

Roman et al. 2016

Paciﬁc
golden-plover

Australia

2013

Necropsy

0 (1)

0

—
—

Roman et al. 2016

South China Sea

2017

Necropsy

0 (1)

0

20 μm

Zhu et al. 2019

Charadriidae

45 (176)

Black-bellied plover Guinea-Bissau
Common ringed
plover

Source

Haematopodidae

Brauer 2018

100 (25)

American
oystercatcher

Brazil

2007–2015

Necropsy

100 (24)

29

—
—

Rossi et al. 2019

Pied oystercatcher

Australia

2013

Necropsy

100 (1)

20

—
—

Roman et al. 2016

Recurvirostridae
Pied avocet

92 (111)
Portugal
Tejo estuary

2013–2015

Fecal

80 (5)

17.78 (a)

0.01 mm

Sarilhos

1992–1993

Fecal

100 (17)

134

—
—

Moreira 2008

Arrentela

1992–1993

Fecal

87 (30)

134

—
—

Moreira 2008

Corroios

1992–1993

Fecal

94 (37)

134

—
—

Moreira 2008

Gaio

1992–1993

Fecal

90 (22)

134

—
—

Moreira 2008
Roman et al. 2016

Scolopacidae
Bar-tailed godwit

Lourenço et al. 2017

48 (794)
Australia

2013

Necropsy

Guinea-Bissau

2013–2015

Fecal

0 (1)

0

—
—

23 (43)

0.49 (a)

0.01 mm

Lourenço et al. 2017

Mauritania

2013–2015

Fecal

North Paciﬁc

1990–1991

Necropsy

100 (1)

1.11 (a)

0.01 mm

Lourenço et al. 2017

100 (1)

—
—

—
—

Black-tailed godwit

Portugal

2013–2015

Fecal

Robards et al. 1997

66 (32)

2.29 (a)

0.01 mm

Bush stone curlew

Australia

2013

Lourenço et al. 2017

Necropsy

33 (3)

0.66

—
—

Common redshank

Guinea-Bissau

2013–2015

Fecal

32 (28)

1.23 (a)

0.01 mm

Portugal

Lourenço et al. 2017

2013–2015

Fecal

75 (28)

4.08 (a)

0.01 mm

Lourenço et al. 2017

Roman et al. 2016
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Table 1. Summary of the origin, sample type, and plastic ingestion information available for four families and 26 species of shorebirds based on published literature.

Family/species

Abundance (average no. of
pieces/individual or
concentrations/mL)

Minimum size
limit

Sampling year

Sample type

Common sandpiper China

<2015

Necropsy

0 (1)

0

20 μm

Zhao et al. 2016

Common snipe

Malta

<2018

Necropsy

0 (1)

0

1 mm

Brauer 2018

Curlew sandpiper

Guinea-Bissau

2013–2015

Fecal

Dunlin

China

<2015

Necropsy

Mauritania

2013–2015

Fecal

Portugal

2013–2015

Fecal

Green sandpiper

Malta

<2018

Purple sandpiper

Canada

Red knot
Red phalarope

Country/region

Plastics occurrence:
percentage with plastics (no.
of individuals sampled)

27 (59)

Source

0.97 (a)

0.01 mm

3 (s), 1 (i)

20 μm

54 (111)

6.65 (a)

0.01 mm

Lourenço et al. 2017

72 (39)

7.79 (a)

0.01 mm

Lourenço et al. 2017

Necropsy

0 (1)

0

1 mm

2013

Necropsy

0 (25)

0

—
—

Guinea-Bissau

2013–2015

Fecal

40 (55)

2.09 (a)

0.01 mm

Lourenço et al. 2017

Mauritania

2013–2015

Fecal

65 (29)

4.46 (a)

0.01 mm

Lourenço et al. 2017

Canada

2016–2017

Necropsy

12.3

1 mm

Drever et al. 2018

1979–1981

Necropsy

54 (13)

2.98

—
—

Connors and Smith
1981

100 (1)

100 (9)

Lourenço et al. 2017
Zhao et al. 2016

Brauer 2018
Mallory et al. 2016

United States
California

Red-necked
phalarope

California

1969

Necropsy

Most (20)

North Carolina

1975–1989

Necropsy

69 (55)

West Coast North
America

2003–2004

Necropsy

100 (3)

2–36

—
—

Bond 1971

1 (s), 6.7 (g)

—
—

Moser and Lee 1992

1–25

—
—

Nevins et al. 2005

North Paciﬁc

1990–1991

Necropsy

100 (1)

0

—
—

Robards et al. 1997

Southern
Africa/Southern
Ocean

1979–1985

Necropsy

50 (2)

5

—
—

Ryan 1987

North Carolina

1975–1989

Necropsy

19 (36)

0 (s), 3.7 (g)

—
—

Moser and Lee 1992

Alaska

1969–1977

Necropsy

67 (3)

1

—
—

Day 1980

71 (7)

5.57 (a)

0.01 mm

0 (1)

0

—
—

United States

Ruddy turnstone

Portugal

2013–2015

Fecal

Sanderling

Australia

2013

Necropsy

Guinea-Bissau

2013–2015

Fecal

32 (63)

2.04 (a)

0.01 mm

Lourenço et al. 2017

Mauritania

2013–2015

Fecal

46 (46)

5.9 (a)

0.01 mm

Lourenço et al. 2017

Portugal

2013–2015

Fecal

83 (59)

10.47 (a)

0.01 mm

Lourenço et al. 2017

Guinea-Bissau

2013–2015

Fecal

12 (34)

0.1 (a)

0.01 mm

Lourenço et al. 2017

South China Sea

2017

Necropsy

100 (1)

2 (e), 35 (s), 10 (i)

20 μm

Wilson’s phalarope

Southern
Africa/Southern
Ocean

1979–1985

Necropsy

0 (1)

0

—
—

Wood sandpiper

Malta

<2018

Necropsy

0 (1)

0

1 mm

Whimbrel

Lourenço et al. 2017
Roman et al. 2016

Zhu et al. 2019
Ryan 1987

Brauer 2018

Note: Taxonomy follows Birds of the World (Billerman et al. 2020); a, numbers in which concentrations of microplastics per millilitre were published; e, esophagus; g, gizzard; s, stomach; i, intestines.
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Table 1. Continued
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Fig. 1. The location and proportion of samples collected for plastic ingestion from various shorebird groups. Groups are listed
alphabetically by common name and the number of samples at each location shown by size of circle (e.g., 410 circle represents
sample size of 31–410). Map produced by standard mapping using R version 4.2 (R Core Team 2021).

Shorebird ecology
Taxa and regions of the world
Average %FO of plastics pollution ingestion varied among
shorebird families (F[3,47] = 5.01, P = 0.004; Table 1, Fig.
2B) with individuals of the family Haematopodidae (oystercatchers) having the highest FO (100% of individuals sampled had some form of plastics; n = 25), followed by Recurvirostridae (avocets; 90%, n = 111), Scolopacidae (sandpipers, phalaropes, godwits, and curlews; 48%, n = 794), and
Charadriidae (plovers; 45%, n = 176).
A further breakdown of the diverse Scolopacidae family
revealed no signiﬁcant differences among lower taxonomic
groups (F[7,27] = 0.94, P = 0.49), and all contained plastics
pollution in over half of the individuals sampled: turnstones
(71%, n = 7), phalaropes (62%, n = 123), godwits (58%, n = 78),
curlews (56%, n = 35), and Calidris sandpipers (48%, n = 488).
Conversely, thick-knees (33%, n = 3) and Tringa sandpipers
(21%, n = 59) had lower overall FO of plastics pollution, but
FO varied signiﬁcantly among sites (see the range of values
across each shorebird taxon row within Fig. 2B).
Eight of the 26 shorebird species examined showed no evidence of plastics pollution ingestion; however, the number
of samples from each of these species was small (1 ≤ n ≤ 25).
Species with no evidence of plastics included one godwit
species (n = 1), three Tringa sandpiper species (n = 1 per
species), one Calidris sandpiper (n = 25), one snipe (n = 1),
four species of plover (n = 171), and one species of lapwing
(n = 5). Importantly, these studies report that they were unable to report plastics pollution pieces less than 1.560 mm2
in size (Rossi et al. 2019). Reporting these zero value ﬁndings with the detection limit is important, as microplastics
are ubiquitous, and the detection limit of a study inﬂuences
the results.

Environ. Rev. 00: 1–15 (2022) | dx.doi.org/10.1139/er-2022-0008

While 28 species/regions contained plastics pollution
in >50% of the individuals investigated, only 10 species
had >40 individual samples from a region; a sample of 40 is
generally accepted to be a reliable estimate of FO for birds;
however, this can vary by species (Provencher et al. 2015;
Lavers et al. 2021; van Franeker et al. 2021). The power analysis work by Provencher et al. (2015) was conducted on seabird
species, and should be undertaken speciﬁcally using data
from shorebirds of interest. Of these 10 species, sanderling
(Calidris alba) and common ringed plover (Charadrius hiaticula)
were the only species sampled at more than one site. The
%FO of plastics pollution in sanderling ranged from 32% of
individuals (n = 63) in Guinea-Bissau to 83% (n = 59) at Tejo
Estuary, Portugal (Lourenço et al. 2017). For common ringed
plover, plastics %FO ranged from 13% (n = 47) in GuineaBissau to 69% (n = 41) in Mauritania (Lourenço et al. 2017).
The majorities of dunlin (Calidris alpina) in Mauritania (54%,
n = 111) and red phalarope off the coast of North Carolina
(69%, n = 55) contained plastics pollution. Conversely, bartailed godwit (Limosa lapponica; 23%, n = 43), curlew sandpiper
(Calidris ferruginea; 27%, n = 59), and red knot (Calidris canutus;
40%, n = 55) in Guinea-Bissau all had relatively low %FO of
plastics pollution. Red phalarope was investigated for plastics
pollution in seven studies in seven different regions, whereas
14 species had only one study investigating plastics pollution
ingestion in only one location.

Flyway geography and season
Of the six ﬂyways where shorebird plastic interactions
were investigated, seven studies were conducted in the American Paciﬁc Flyway (two species, n = 29 individuals), three in
the East Asian-Australasian Flyway (nine species, n = 16), and
three in the American Atlantic Flyway (ﬁve species, n = 141).

7
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Fig. 2. Occurrence of plastics (average %FO across studies) found in shorebird groups (A), and linear relationship (95% CI in
grey) between average occurrence of plastics and total number of plastic pieces found in shorebird groups (B). For both ﬁgures,
circle size indicates approximate total number of samples across studies across a gradient.

The remaining studies were conducted in the East Atlantic
Flyway (13 species, n = 915), and Mediterranean Flyway (four
species, n = 4), or included samples from both regions. More
studies were conducted about plastics pollution ingestion in
shorebirds in oceanic (four species, n = 125) and coastal ﬂyway geographies (16 species, n = 969) than continental routes
(six species, n = 12; Fig. 3A). The %FO of plastics pollution was
much greater among species that migrated in marine areas,
either oceanic or coastal (oceanic mean: 60%, n = 11; coastal
mean: 58%, n = 33), than those that used upland continental ﬂyways (mean: 6%, n = 6, F[2,48] = 5.78, P = 0.006). The
average number of plastic pieces per individual was not statistically signiﬁcant among foraging habitats (F[2,34] = 0.75,
P = 0.48).
Plastic interaction studies focused on sampling species during non-breeding periods, with 10 studies conducted at wintering sites, four at stopover sites, and the remaining on nonmigratory species during their nonbreeding period. Of the 26
species sampled, 12 were sampled during migration (n = 807),
11 during the non-breeding period (n = 155), three during
both the migration and non-breeding periods, and ﬁve were
8

year-round (n = 144). No studies examined a single species
during multiple sampling periods within the same ﬂyway.

Foraging habitat and mode
Species with plastics pollution ingestion information could
be classiﬁed into ﬁve general foraging habitats, including ﬁve
species that foraged on beaches (n = 313 individuals), two in
freshwater (n = 2), three in marine (n = 123), 11 on mudﬂats
(n = 634), and three in upland habitats (n = 9, Fig. 3B). Overall, there was signiﬁcant variation in the evidence of plastics
pollution among habitats and species, and no statistically signiﬁcant difference in %FO of plastics pollution among habitats (F[4,46] = 2.35, P = 0.07). In general, species that foraged
in marine areas (62%), on mudﬂats (57%), or on beaches (51%)
had higher average %FO of plastic ingestion than species that
foraged in upland (11%) or freshwater environments (0%). The
average number of plastic pieces per individual was not statistically signiﬁcant among foraging habitats (F[3,33] = 0.51,
P = 0.68), although counts of plastic pieces were not published for species using freshwater habitats (Fig. 3B).
Environ. Rev. 00: 1–15 (2022) | dx.doi.org/10.1139/er-2022-0008
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Fig. 3. Relationship between the average occurrence of plastics (percentage across studies) and shorebird ﬂyway geography (A),
foraging habitat (B), and foraging technique (C). Each species per study is identiﬁed by a grey dot; purple dots show the average
occurrence of plastics and the size of the dot represents the approximate average number of plastic pieces per individual across
a gradient for each ecological feature analyzed across all shorebird groups.

A classiﬁcation of the species by foraging technique revealed 10 visual species (n = 309 individuals), ﬁve visual with
some tactile (n = 230), six tactile with some visual (n = 196),
two tactile (n = 235), and one species that foraged by sweeping/scything (n = 111, Fig. 3C). The species that used sweeping
foraging modes had a higher probability of ingesting plastics
pollution (F[3,47] = 3.20, P = 0.03) and contained a far greater
number of plastics than all other techniques (F[3,33] = 14.31,
P < 0.001). The probability of ingesting plastics pollution was
otherwise quite variable among foraging techniques, with
high occurrences of plastics in species using each foraging
mode.

Body mass
Body mass in the species present in our 16 studies ranged
from 35 g (red-necked phalarope) to 670 g (bush thick-knee
Burhinus grallarius; mean ± SD = 198.15 ± 193.70 g, Fig. 4). The
total number of plastic pieces ingested by a taxonomic group
Environ. Rev. 00: 1–15 (2022) | dx.doi.org/10.1139/er-2022-0008

was variable and had low correlation (Pearson correlation,
r1,11 = 0.18, P = 0.08; Fig. 4). Three larger bodied groups, including avocets, oystercatchers, and curlews, had higher %FO
of ingesting plastics and contained more pieces. One largebodied terrestrial group (thick-knees) had a low %FO of ingesting plastics but had a low sample size.

A recommended way forward
Susceptibility scoring
Our review indicated that only about 12% of the world’s
∼255 shorebird species have been investigated for plastics pollution ingestion. To facilitate our understanding of
the frequency of plastics pollution ingestion by shorebirds,
we present a rapid assessment framework for evaluating
whether shorebirds are likely to be ingesting plastics pollution throughout their annual cycles (Table 2). We focus on the
factors discussed above to evaluate the likely susceptibility
to plastics pollution ingestion. This approach will help direct
9
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Fig. 4. Relationship between the average body mass (log) and average number of plastic pieces (log) found per shorebird group.
The approximate total number of samples across a gradient for each shorebird group is depicted by the size of the circle.

Table 2. Ecological factors that inﬂuence the likelihood (low, medium, or high) of ﬁnding ingested plastics in shorebirds.
Ecological factors

Likelihood of ingesting plastics
Low

Medium

High

Conﬁdence

Flyway geography

Continental

Coastal, oceanic

High

Foraging habitat

Upland, freshwater

Marine, mudﬂat, beach

High

Foraging mode

Visual, tactile w/visual

Body size

Tactile, visual w/tactile

Sweeping

Low

Medium (51–399 g)

Large (>400 g), small (<50 g)

Low

Note: Our conﬁdence in our score for each factor is listed at the far right and includes a High and Low category. High refers to situations supported by most published
and ecological evidence and Low refers to cases that are data deﬁcient or unclear.

future research on species most likely to be experiencing effects from plastics pollution, and identify knowledge gaps in
shorebird ecology needed to understand potential impacts.
Overall, our review indicated that species that use marine
environments, forage at sea, or forage by sweeping the water with their bills are most susceptible to ingesting plastics pollution. The high susceptibility score of marine environments is clearly supported by the phalarope species that
have higher %FO of plastics pollution than all other taxonomic groups. This pattern may be attributable to the water surface in marine environments being an accumulation
zone for plastics pollution (Eriksen et al. 2013; Lebreton et
al. 2018; Schwarz et al. 2019). Foraging in marine areas may
also expose shorebirds to plastics pollution because ﬂoating
pieces of plastics may be mistaken for prey items. Coastal
species may be more susceptible to ingesting smaller plastics ﬁbers as they transfer from freshwater systems to estuaries and mudﬂats and settle in the sediment. Estuaries
may have high levels of ﬁbers in the environment (Wessel
et al. 2016; Willis et al. 2017). The higher %FO and abundance of plastics pollution in species that use sweeping tech-
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niques may occur because they are non-selectively ingesting debris suspended in the water column. We did not have
enough evidence to assess the prevalence of secondary ingestion of plastics, inﬂuence of olfactory foraging, or the %FO
of species that use the more recently identiﬁed feeding technique of slurping intertidal bioﬁlm from the surface of mudﬂats (Kuwae et al. 2008). However, bioﬁlm likely traps high
concentrations of microplastics in the polysaccharide matrix present on the water surface. Many shorebird species
have small spines on their tongues that facilitate this feeding technique (Kuwae et al. 2012), and so akin to sweeping,
likely have a higher propensity to inadvertently obtain plastics than species pecking food after visual detection. This
is supported by species that migrate continentally and feed
by pecking and probing on terrestrial invertebrates; they
appear to have a lower risk of plastics pollution ingestion.
There is a dearth of information on how frequently shorebirds regurgitate food in pellets and so little is understood
on whether shorebirds can regurgitate plastics pollution like
some seabirds do, which reduces plastics loads (e.g., Hammer
et al. 2016).

Environ. Rev. 00: 1–15 (2022) | dx.doi.org/10.1139/er-2022-0008
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Sampling protocols
Signiﬁcant effort has already been put into developing
ﬁeld protocols to describe plastics %FO in marine megafauna,
primarily seabirds (Provencher et al. 2017b, 2019). These
ﬁeld protocols, which are heavily dependent on sampling
opportunities, may not always apply to shorebirds. For example, many studies on seabirds rely heavily on carcasses
collected through legal and subsistence hunting, or opportunistically around dense breeding colonies or during large
wrecks. It is also easy to sample some species of seabirds
non-lethally through the collection of regurgitations or using stomach lavage. By contrast, opportunities for sample
collection of shorebirds are much more limited (see below).
Furthermore, reports of forced regurgitation of pellets or
use of stomach lavage on any bird species are rare and applying these methods may potentially be lethal (Provencher
et al. 2019).
Ideally, sampling protocols should use techniques that do
not incur additive mortality, such as collecting birds that
have died from other causes or non-lethal sampling. Our review indicated that shorebirds that were necropsied versus
fecal sampled differed little in the proportion of individuals containing plastics pollution; however, the size of plastics that might be discovered likely varies by the sampling
technique. Intuitively, necropsies may ﬁnd all sizes of plastics, whereas fecal sampling might only discover small pieces
that pass through the digestive system. In support of this
contention, studies on red phalaropes examined through carcass analysis reported larger microplastics (1–5 mm), while
studies on other sandpipers, which relied on fecal sampling,
reported smaller microﬁbers (<1 mm). Thus, it is currently
unclear whether small birds ingest larger plastics pollution
pieces as the available samples (i.e., fecal) likely biased the
size of plastics collected and reported.
Overall, our review revealed inconsistencies in the collection and reporting metrics in shorebird ingestion of plastics
pollution. This reinforces the importance of standardized collection and reporting protocols described by Provencher et
al. (2017, 2019). For example, ∼53% of fecal studies reported
total counts of plastic pieces and one reported a concentration (e.g., Lourenço et al. 2017); weights were only reported in
47% of studies. To allow credible comparisons among species,
we recommend counting ﬁbers, and reporting total number
and mass per individual rather than a concentration. Furthermore, sieve size, which affects the size of plastics detected,
was reported for ∼33% of studies and minimum sieve size
ranged from 0.02 to 5 mm. These inconsistencies likely biased our understanding of the %FO of plastics in shorebirds.
For example, phalaropes were necropsied more often than
other species, but sieving of gut contents was either not reported or used larger sieve sizes potentially missing smaller
ﬁbers that may have been ingested.
None of the papers, except for a recent companion paper
(Teboul et al. 2021) to Drever et al. (2018), provided more detailed information on plastics types. More advanced analytical techniques such as Raman and Fourier-transform infrared
spectroscopy have recently been used to conﬁrm visual sorting and helped with ﬁner scale characterization of polymer
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types (Song et al. 2015; Avery-Gomm et al. 2016; Shim et al.
2017; Teboul et al. 2021; Veerasingam et al. 2021). Since different polymers release and absorb different chemicals, determining the types of contaminants shorebirds are exposed
to once plastics are ingested is important when identifying
potential sublethal or long-term consequences of plastic ingestion (Provencher et al. 2019). Polymer characterization can
also facilitate tracking sources of plastics pollution, information that can be used when inﬂuencing management and conservation strategies (Rochman et al. 2019).
As the ﬁeld of plastics pollution ingestion by wildlife expands to include other taxa, it is becoming increasingly important to collect samples in a standardized manner, with
strict QA/QC protocols, to allow for spatial and temporal comparisons across studies and species (detailed in Provencher et
al. 2017, 2019). While largely targeted at marine megafauna,
these same policies and procedures must apply to future
work on shorebirds. Standardized protocols and reporting
metrics will allow future meta-analyses and long-term monitoring efforts that aim to highlight population-level effects
and guide conservation actions. Paramount for shorebirds,
we recommend collecting fecal samples by placing birds individually in sterile holding containers lined with tin foil for
short periods. We also recommend analyzing blank samples
(i.e., where no bird was present in the container), when sampling procedures expose holding containers to the outside
air for extended periods. Similar blanks should be used in
lab settings when samples are exposed to air for longer periods. In this way, samples represent information for a single
bird and effects from outside contamination are controlled.
While implementing such procedures may be difficult, especially when capturing large numbers of birds, the end results
will be much more reliable, even if sample sizes are smaller.

Future areas of research
Our review on plastics pollution ingestion by shorebirds
clearly indicates the overall lack of information on this subject. As such, it makes sense to draw on studies of other taxa
such as seabirds where we have progressed further in understanding the relationships among different species, habitats,
environmental exposure, and %FO (Provencher et al. 2015;
Wilcox et al. 2015; Baak et al. 2020a). For shorebirds, there
is a clear need to quantify how much plastics pollution is being ingested by a larger number of shorebird taxa. Species to
be sampled can be prioritized using the knowledge gained
about the likelihood of exposure in this review (Table 2). In
addition, more samples at more sites and in more regions
of the world are needed to allow comparisons of ingestion
rates within and among ﬂyways. For example, to date there
are no ingestion indices for shorebirds on their Arctic breeding grounds. While we might predict lower exposure to plastics pollution than during other phases of their annual cycle
(but see Martins et al. 2020; Rey et al. 2021), various studies have shown that microplastics are abundant in Arctic
marine, freshwater, and terrestrial habitats (Bergmann et al.
2019; Huntington et al. 2020; Mallory et al. 2021). To address
this gap, we encourage collaborative studies such as those coordinated as part of the Arctic Shorebird Demographic Net-
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work that previously collected fecal samples to answer broadscale questions on gut microbiota (Grond et al. 2019). Other
opportunities to collect samples might exist during the legal
subsistence harvest of shorebirds in Alaska (Naves et al. 2019),
the Caribbean (Reed et al. 2018), and other locations.
Another major knowledge gap is how long individual
shorebirds retain plastics. Indeed, this question remains an
unresolved issue for many bird species, although it has been
addressed somewhat in seabirds (Ryan 2015). For shorebirds
travelling long distances across diverse habitats, this is a key
question for identifying where birds are ingesting plastics.
Moreover, larger and higher counts of plastic pieces such as
those found in oystercatchers and phalaropes could be in
part attributable to plastics pollution accumulating over the
lifetime of the bird. It is also unknown whether shorebirds
can accumulate smaller plastics ﬁbers and whether, or over
what time frame, they might be excreted. Quantifying the
turnover rate of ingested plastics pollution would help interpret the relevance of plastics found in gut and fecal samples.
Controlled feeding trials using a model shorebird species are
needed to develop generalized turnover rates that could be
applied to shorebirds sharing similar ecological traits. In the
absence of feeding trials, sampling of species over multiple
locations/life stages within the same ﬂyway could shed light
on the species-speciﬁc accumulation of plastics pollution in
shorebirds, as has been done to examine chemical contaminant exposure in shorebirds (e.g., Pratte et al. 2020).
To further reﬁne our understanding of how prey selection
relates to %FO of plastics being ingested by various species,
studies could combine analyses of fecal samples for plastics with stable isotope analyses or deoxyribonucleic acid
metabarcoding. As plastics loads can vary with prey type (e.g.,
gastropods vs. arthropods vs. bioﬁlm), relating proportional
contributions of speciﬁc prey types to plastics loads can help
elucidate how a species’ foraging strategy changes the risk of
ingesting plastics pollution. Also worthy of investigation is
the potential for plastics pollution to affect the habitat used
by shorebird prey (see Lavers et al. 2021, for effect on beach
sediment temperature) and thus prey distribution, availability, and quality.
Perhaps most needed are studies that assess the lethal or
sublethal effects of plastics pollution ingestion in shorebirds.
In our review, Drever et al. (2018) was the only study to indicate plastic ingestion contributed to the death of the individual. An additional two studies related plastics pollution
loads to physiology and body condition. No studies examined
the presence or concentration of other contaminants such
as polychlorinated biphenyls and polyaromatic hydrocarbons
that may leach from plastics once ingested. Past studies on
seabirds have shown that elevated plastics loads can reduce
body condition or increase concentrations of other contaminants (Tanaka et al. 2013; Lavers et al. 2014). Thus, it is important to consider these types of chemical effects in shorebirds
exposed to plastic ingestion as well.
Shorebirds are long-distance migrants that move between
some of the cleanest and most polluted habitats on the Earth
during their annual cycle. With global concern over declining
trends in many shorebird populations (e.g., Rosenberg et al.
2019; Smith et al. 2020), identifying and evaluating threats
12

to shorebird individuals and their habitats are a ﬁrst step
towards developing plans for conservation. Efforts to assess
other threats, such as habitat loss (Piersma et al. 2016), harvest (Reed et al. 2018; Gallo-Cajiao et al. 2020; McDuffie et
al. 2021), and climate change (van Gils et al. 2016; Saalfeld
and Lanctot 2017; Wauchope et al. 2017; Saalfeld et al. 2021;
Lameris et al. 2022), have taken place, but relatively little
attention has been given to the threat of plastics pollution
on shorebird populations. Our review suggests that there is
already evidence that foraging mode, foraging habitat, and
ﬂyway location may be major drivers in shorebird plastics
exposure and ingestion. We strongly encourage researchers
to consider adding plastics pollution evaluation protocols to
their programs to help improve our knowledge of this potential threat.
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