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Abstract
Since first being introduced for public use in the 1960s, plastic has become one of the most pervasive and ubiquitous forms 
of pollution globally. The potential fate and effects of plastic pollution on birds is a rapidly growing area of research, but 
knowledge of terrestrial and freshwater species is limited. Birds of prey have been particularly understudied, with no pub-
lished data on plastic ingestion in raptors in Canada to date, and very few studies globally. To assess the ingestion of plastic in 
raptors, we analysed the contents of the upper gastrointestinal tracts from a total of 234 individuals across 15 raptor species, 
collected between 2013 and 2021. Upper gastrointestinal tracts were assessed for plastics and anthropogenic particles > 2 mm 
in size. Of the 234 specimens examined, only five individuals across two species had evidence of retained anthropogenic 
particles in the upper gastrointestinal tract. Two of 33 bald eagles (Haliaeetus leucocephalus, 6.1%) had retained plastics in 
the gizzard, while three of 108 barred owls (Strix varia, 2.8%) had retained plastic and non-plastic anthropogenic litter. The 
remaining 13 species were negative for particles > 2 mm in size (N = 1–25). These results suggest that most hunting raptor 
species do not appear to ingest and retain larger anthropogenic particles, though foraging guild and habitat may influence 
risk. We recommend that future research investigate microplastic accumulation in raptors, in order to gain a more holistic 
understanding of plastic ingestion in these species. Future work should also focus on increasing sample sizes across all spe-
cies to improve the ability to assess landscape- and species-level factors that influence vulnerability and susceptibility of 
plastic pollution ingestion.
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Introduction

Since its initial widespread use began in the 1960s, plastic 
has become one of the most pervasive and ubiquitous forms 
of pollution globally, and has been identified alongside cli-
mate change as an emerging environmental problem with the 

potential to greatly impact human and environmental health 
(Blettler et al. 2017; UNEP 2014). In 2014, Eriksen et al. 
estimated that more than 5 trillion plastic particles were 
floating in the world’s oceans, while in 2015, van Sebille 
et al. (2015) estimated the marine microplastic particle 
burden weighs up to 236 thousand metric tonnes. Despite 
these already alarming numbers, most researchers consider 
any estimates of plastic waste to be extremely conservative 
(Puskic et al. 2020). Ingestion of plastics has been demon-
strated in birds across hundreds of species globally, and in 
varying habitats, with a large increase in avian plastic inges-
tion studies reported in recent years (Provencher et al. 2017; 
Wang et al. 2021). Seabirds are the most commonly studied 
group of birds, in part due to characteristics that make them 
ideal for studying, such as high breeding site fidelity and 
large colony numbers which provide an ideal opportunity 
for repeated and robust sampling (Carlin et al. 2020; Poon 
et al. 2017; Provencher et al. 2019). However, there is a 
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demonstrated need for research in non-marine environments 
and in understudied species (Carlin et al. 2020; Jagiello et al. 
2019; Wang et al. 2021). A baseline understanding of plas-
tic ingestion in terrestrial and freshwater environments is 
critical not only to understanding health risks and conserva-
tion priorities but also for identifying highly exposed spe-
cies that can act as sentinels for environmental monitoring 
(Provencher et al. 2015).

Raptors, also known as birds of prey, are considered an 
important group for research given the potential range of 
exposure across foraging niches and trophic levels (Wang 
et al. 2021). McClure et al. (2019) defined raptors as “spe-
cies within orders that evolved from raptorial land birds (tel-
luraves), in which most species maintained raptorial life-
styles as derived from their common ancestor”, and argue 
that this definition is most inclusive of the overlapping 
phylogenetic, morphological, and ecological traits associ-
ated with hawks, eagles, kites, owls, falcons, and vultures 
(New and Old World). Globally, the few studies on plastic 
ingestion in terrestrial birds have focused mainly on obligate 
scavengers, such as vultures, as these species are considered 
to be at higher risk of exposure to plastic and other anthropo-
genic waste due to their synanthropic behaviour (e.g. Augé 
2017; Ballejo et al. 2021; Cunha et al. 2022; Plaza and Lam-
bertucci 2017). Ingestion of plastic in these species may be 
intentional or accidental, with low acceptance threshold and 
high cue overlap of plastics with acceptable prey items mak-
ing these species more susceptible to plastic ingestion. High 
abundance of plastic is common in scavenging sites such as 
landfills, making these species more vulnerable to plastic 
ingestion (Santos et al. 2021; Wang et al. 2021).

There is little information to date on plastic ingestion in 
birds of prey that are primarily raptorial predators, despite 
evidence that some of these species are also opportunistic 
scavengers that will utilise anthropogenic sources of food 
(e.g. Bouker et al. 2021), or could be otherwise exposed 
to plastic ingestion through trophic transfer (Carlin et al. 
2020). Carlin et al. (2020) quantified the abundance of plas-
tics throughout the entire gastrointestinal tract in eight bird 
of prey species, which included hawks, owls, osprey, and 
vultures. Sample sizes ranged from 1 to 28, making compari-
sons across species difficult. Only the stomachs of black vul-
tures (Coragyps atratus) contained macroplastics (> 5 mm), 
but all species contained microplastics, and red-shouldered 
hawks (Buteo lineatus) contained the greatest mean number 
of microplastics per gram in the gastrointestinal tract (Carlin 
et al. 2020). While birds of prey share many common char-
acteristics, they still demonstrate a wide variety of forag-
ing strategies, dietary preferences, and geographic ranges. 
A meta-analysis of plastic ingestion data for almost 50,000 
seabirds demonstrated that foraging method and diet are sig-
nificant predictors for plastic ingestion in these species, and 
similar drivers may influence plastic ingestion risk in birds 

of prey (Avery-Gomm 2020). Evidence is also mounting 
that scavenging species like raptors are at high risk of plas-
tic exposure and ingestion due to this foraging strategy (i.e. 
Ballejo et al. 2021; Wang et al. 2021), and that diet preference 
may be a driving mechanism for differences in microplastic 
accumulation across raptor species (Carlin et al. 2020).

To investigate whether birds of prey are ingesting and 
retaining plastics and other anthropogenic particles, we 
examined the stomach contents of 15 species from British 
Columbia (B.C.), Canada. Our first objective was to assess 
ingestion of visible plastics and other anthropogenic parti-
cles (> 2 mm in size) in raptor species that were collected 
as part of passive wildlife health surveillance. We predicted 
that birds of prey would rarely ingest and retain visible litter 
(macroplastics and larger microplastics), based on dietary 
preferences that reduce the risk of plastic being mistaken 
for prey. The second objective was to assess whether litter 
ingestion varied across bird-level factors such as species and 
foraging niche. We predicted that ingestion of plastic would 
be more likely in species like bald eagles (Haliaeetus leu-
cocephalus), which are opportunistic scavengers, compared 
to obligate hunters such as owl species. The final objective 
was to assess whether birds of prey could be used as senti-
nel species for monitoring litter in the environment. We did 
not expect that most raptor species would make ideal indica-
tors due to low species susceptibility to ingestion. However, 
scavenger species that are more likely to ingest plastic could 
represent opportunities for environmental plastic monitoring.

Materials and methods

Sample collection

Between 2013 and 2021, a total of 234 individuals across 
15 species were opportunistically collected from a variety 
of organisations as part of a broader wildlife disease sur-
veillance strategy in British Columbia, Canada, and sub-
mitted for post-mortem examination by wildlife patholo-
gists. All collections were completed with appropriate 
permits and approval (British Columbia Wildlife Act per-
mits SU12-76,336 and SU16-24,223; Environment Can-
ada scientific salvage permits BC-SA-0020–13 through 
18, SC-BC-2019-0012SAL, SC-BC-2020-0012SAL, and 
SC-BC-2021-0012SAL).

A routine post-mortem investigation was performed on 
each individual, with morphometric and geographic infor-
mation recorded, including the species, sex, age (when 
possible), and the location where each individual was ini-
tially located. The details of how each individual died were 
recorded (i.e. euthanasia, died in care, or dead on arrival 
to the facility), and the pathologist’s diagnoses of pathol-
ogy or comorbidities were provided. Where possible, a 
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definitive cause of death was noted by the pathologist. The 
distal oesophagus, proventriculus, and ventriculus (referred 
to collectively in this study as the stomach sample, or upper 
gastrointestinal tract, as per Provencher et al. 2018) were 
collected; in cases where further investigation to reach a 
diagnosis was warranted, the stomachs were opened and 
carefully examined for any obvious pathology before being 
frozen in individual bags with all stomach contents remain-
ing in situ. Distal intestinal tracts were not saved as part of 
routine monitoring, and thus could not be utilised for plastic 
investigation in this study.

Stomach content analysis

In 2020 and 2021, frozen stomach samples were shipped to 
Carleton University and the University of Guelph for plastics 
analysis. Once thawed, stomach contents were systematically 
analysed for anthropogenic particles > 2 mm (Provencher 
et al. 2017, 2019; van Franeker et al. 2011). Nested stainless 
steel sieves were used to capture particles > 2 mm in size and 
remove large pieces of organic material and liquids. Sedi-
ments were then removed using a 5 mmol/L NaCl solution as 
per Provencher et al. (2019). Litter particles were rinsed and 
dried, and then assessed systematically as per Provencher 
et al. (2017). Plastics were categorised as either industrial 
or user (fragment, foam, sheet, thread). Non-plastic particles 
of anthropogenic origin were labelled “other”, and length, 
weight (to nearest 0.001 g), and colour were described for 
all litter as per Provencher et al. (2017).

The size cut-off of > 2 mm was chosen based on necessity, 
for two reasons. Provencher et al. (2019) suggests 1 mm as a 
reasonable cut-off for visible microplastics in the stomachs 
of most bird species, as particles smaller than 1 mm are likely 
to pass through the sphincter, and thus not accumulate. We 
instead elected to use a 2-mm sieve due to convenience; argu-
ably this cut-off is still likely to capture all particles large 
enough to accumulate, and the nature of digestible stomach 
contents for raptors (i.e. meat fibres) made it very challenging 
to separate organic material from small anthropogenic parti-
cles in a 1-mm gauge sieve. Secondly, due to the long-term 
nature of this project and the primary goal of determining 
cause of death for wildlife disease surveillance, stomachs 
were in some cases first opened for visual inspection by the 
pathologist and then frozen until the stomach content analysis 
occurred. Assessing for microplastics < 2 mm would have 
introduced more bias due to potential loss and/or contami-
nation during the post mortem examination and, as such, 
sample analysis was restricted to visible debris. While this 
protocol has reduced the level of detail that can be provided 
from this analysis, its simplicity has instead allowed for a 
much broader geographic, species, and temporal scale due 
to ease of collection and long-term storage.

Results

The species examined in this analysis included hawks, owls, 
falcons, and one turkey vulture (Cathartes aura) (Table 1). 
Individuals came from sites across British Columbia; how-
ever, the majority of birds were located in the metro-Van-
couver area and Vancouver Island (Fig. 1A and B). Retained 
anthropogenic materials were found in only five of 234 indi-
viduals (% frequency of occurrence (FO) = 2.1) from two 
species: bald eagles (N = 2, % FO = 6.1) and barred owls 
(Strix varia) (N = 3, % FO = 2.8) (Table 2). The three barred 
owls each contained only a single small fragment of litter, 
while both bald eagles contained multiple pieces of plastic 
(Table 2). The first bald eagle had 119 individual pieces 
of clear to off-white sheet plastic weighing 11.1 g in total, 
which resembled the thickness and texture of a clear plastic 
garbage bag (Table 2, Fig. 2). The second bald eagle con-
tained three similar pieces of plastic and one fragment of 
microfibre cloth, which resembled a cleaning wipe or baby 
wipe. Both bald eagles were sub-adult males from Delta, 
B.C., and died secondary to trauma sustained from collisions 
(one with a car, one presumed with a plane). The adult male 
and adult female barred owl died secondary to trauma from 
vehicular and building collisions. The cause of death of the 
third barred owl, a juvenile male, could not be determined 
due to generalised autolysis, though haemorrhage in the 
distal intestine was noted. In all five cases, retained anthro-
pogenic litter in the stomach appears to be an incidental 
finding; all individuals were in fair to good body condition, 
and there were no gross gastric lesions associated with the 
ingested particles.

Discussion and conclusion

Do raptors ingest and retain macro‑ 
and microparticles of anthropogenic litter > 2 mm 
in size?

Although the global understanding of plastic ingestion in 
raptors is limited, our results are consistent with the availa-
ble literature which suggests that most species do not accu-
mulate macroplastics (Carlin et al. 2020). We found that 
only two species of the 15 included had retained particles 
in the upper gastrointestinal tracts, and that percent fre-
quency of occurrence of litter ingestion within both species 
was low. It is worth noting that 19 of the birds that died in 
care were hospitalised for more than 4 days before dying or 
being euthanised; it is therefore possible that plastics were 
excreted from the upper gastrointestinal tract while these 
individuals were in care, and the results discussed here 
may reflect an underrepresentation. In general, studies of 
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retained debris in the upper gastrointestinal tract in birds 
reflect a snapshot in time of ingested plastics. Retention and 
transit times for gastrointestinal plastics are related to both 
species-specific traits as well as properties specific to the 
ingested plastics, and warrants further research (Provencher 
et al. 2017). Due to the opportunistic nature of this study 
design, we had few (< 20) samples from several species, 
making inferences about those species challenging. Nota-
bly, only a single turkey vulture was represented and was 
negative for plastic ingestion. Ballejo et al. (2021) reported 
that 24.5% of regurgitated boluses from turkey vultures 
contained macroplastics, and Augé (2017) reported up to 
62% of boluses containing anthropogenic debris from this 
species. Determining an appropriate sample size necessary 
to detect plastics for species with unknown prevalence of 
plastic ingestion is challenging, as a much larger sample 
size will be required to capture positive samples where 
plastic ingestion prevalence is low (Provencher et al. 2015). 
Van Franeker and Meijboom (2002) used a power analy-
sis to determine the ideal sample size required to monitor 
plastic pollution ingestion in northern fulmar (Fulmarus 
glacialis) and found that between 20 and 40 samples 
resulted in stable variances, with little additional infor-
mation gained with > 40 samples. This cannot be applied 
directly to the raptors in this study due to species-specific 
differences in plastic ingestion risk, but supports cautious 
interpretation of results for species with < 20 individuals. 
However, for barred owls, bald eagles, great-horned owls 

(Bubo virginianus), and barn owls (Tyto alba), the larger 
sample sizes lend more confidence that our results reflect 
plastic ingestion more accurately (Table 1).

How do species‑level factors influence risk of plastic 
ingestion in raptors, and how does that influence 
their potential as sentinel species for plastic 
pollution monitoring?

The two species where litter ingestion was noted differ 
widely in foraging strategy. Both are generalist predators, 
but while barred owls hunt mainly ground-dwelling prey 
using hawking techniques (flying after their prey to capture 
it), bald eagles employ multiple foraging techniques (De 
Graaf et al. 1985). They are notably good piscivorous hunt-
ers, using foot-plunging techniques to capture live prey, but 
they are also opportunistic scavengers (De Graaf et al. 1985; 
Elliott et al. 2006; Peterson et al. 2001). Although the low 
prevalence of litter ingestion reported here prevents robust 
statistical analysis of risk factors, we hypothesise that spe-
cies-level characteristics such as foraging technique and die-
tary preference influence the risk of plastic ingestion in these 
populations. Plastic ingestion has been reported repeatedly 
in other facultative and obligate scavenging raptor species. 
Bouker et al. (2021) investigated several caracara species 
feeding at an open air landfill in Argentina and found that 
87% of fresh faecal samples contained microplastics. Oppor-
tunistic sampling of fresh caracara carcasses also revealed 

Table 1   Demographics and anthropogenic particle ingestion by species of individual birds included in analysis. All individuals were collected in 
British Columbia, Canada, between 2013 and 2021

Species # of individuals Sex # of individuals with 
ingested anthropogenic 
particles

% Frequency of occurrence of 
ingested particles by species

Female Male Unknown

Barred owl (Strix varia) 108 53 52 3 3 2.8
Bald eagle (Haliaeetus leucocephalus) 33 13 20 0 2 6.1
Great horned owl (Bubo virginianus) 25 15 9 1 0 0.0
Barn owl (Tyto alba) 24 8 14 2 0 0.0
Red-tailed hawk (Buteo jamaicensis) 16 8 4 4 0 0.0
Cooper’s hawk (Accipiter cooperii) 12 8 4 0 0 0.0
Northern saw-whet owl (Aegolius 

acadicus)
5 4 1 0 0 0.0

Sharp-shinned hawk (Accipiter 
striatus)

4 1 3 0 0 0.0

American kestrel (Falco sparverius) 1 0 1 0 0 0.0
Merlin (Falco columbarius) 1 1 0 0 0 0.0
Northern goshawk (Accipiter gentilis) 1 0 1 0 0 0.0
Osprey (Pandion haliaetus) 1 0 1 0 0 0.0
Long-eared owl (Asio otus) 1 1 0 0 0 0.0
Peregrine falcon (Falco peregrinus) 1 0 1 0 0 0.0
Turkey vulture (Cathartes aura) 1 0 1 0 0 0.0
Totals 234 112 112 10 5 2.1
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plastic impaction in the crop to be the presumed cause of 
death for one individual (Bouker et al. 2021). Similar to 
findings discussed above in turkey vultures, investigations in 
black vultures, Andean condors (Vultur gryphus), and Cali-
fornia condors (Gymnogyps californianus) have repeatedly 
demonstrated high prevalence of ingested plastics (Ballejo 

et al. 2021; Borges-Ramírez et al. 2021; Carlin et al. 2020; 
Cunha et al. 2022).

In the metro-Vancouver area, bald eagles are regularly 
noted to be roosting and scavenging at the Vancouver 
Landfill and Recycling Centre, in Delta B.C. (Elliott et al. 
2006). In 2020, this landfill accepted 71% of the annual 

Species:
 Barred Owl

� Bald Eagle
� Great Horned Owl
� Barn Owl
� Red-tailed Hawk
� Other

A)

B)

Fig. 1   A Distribution of bird carcass locations by species across Brit-
ish Columbia (B.C.), Canada. Species where sample size was < 15 are 
included in “other.” B Inset, showing five bird carcasses which con-

tained ingested anthropogenic particles highlighted in red, enlarged 
symbols. Note the two bald eagles are located in Delta, B.C., which is 
home to the Vancouver Landfill and Recycling Centre
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municipal solid waste generated by the Metro Vancouver 
area, or approximately 699,000 tonnes (City of Vancouver 
2021). Hundreds of eagles at a time have been observed at 
this open air dump, leading it to become a haven for local 
birding enthusiasts (Pynn 2016). The two bald eagles with 
stomach samples containing plastics reported in this study 
both died as a result of trauma relating to collisions in Delta, 
B.C. (Fig. 1B). A 2006 study of foraging behaviour of bald 
eagles at the Delta landfill determined that, for the majority 
of eagles, the landfill is used primarily as a roosting site, but 
that for a small proportion of subadults, refuse scavenging 
can make up a large portion of their diet (Elliott et al. 2006). 
Our results are consistent with this finding, as both eagles 
were subadult and contained large volumes of sheet plastic 
similar to that used in garbage bags (Fig. 2).

We hypothesize that opportunistic scavenger species 
like bald eagles are more susceptible to plastic ingestion 
risk than other hunting raptors, and that their vulnerability 
varies based on landscape features such as access to open 
air landfills. The words susceptibility and vulnerability are 
often used interchangeably, but convey different meanings; 
to borrow from the human health literature, a person’s sus-
ceptibility to a certain condition reflects physical or personal Ta
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Fig. 2   The accumulated sheet plastic found in the upper gastrointesti-
nal tract of a subadult male bald eagle from Delta, British Columbia, 
Canada. There were 117 pieces of sheet plastic, 1 small thread, and 1 
small foam pellet present, weighing a cumulative 11.1 g. Each square 
represents 5 mm
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qualities such as genetic predisposition, while a person’s vul-
nerability reflects external factors that influence risk (i.e. 
occupational hazards) (Bell et al. 2013). Applying these 
terms to the study of plastic pollution in wildlife can be 
very useful, as it allows us to consider the different ways that 
plastic ingestion risk varies across species and landscapes. 
A species’ susceptibility to plastic ingestion reflects inher-
ent physiological predispositions to both ingest and retain 
plastic, such as foraging strategy or stomach morphology. 
A species’ vulnerability to plastic ingestion instead refers to 
external factors that influence risk of interacting with plas-
tics. For example, populations that live within highly pol-
luted landscapes will be more vulnerable to plastic ingestion, 
simply because there is more of it around; within that pol-
luted landscape, specific foraging guilds will be more sus-
ceptible to ingesting that plastic due to the evolutionary and 
physiological traits that govern their foraging. Understand-
ing the factors that impact susceptibility and vulnerability 
is important in many aspects of plastic pollution research; 
it helps us to determine vulnerable species and systems that 
warrant further study, to identify species that are most sus-
ceptible for broader conservation initiatives, and to identify 
species that could be useful as indicators for plastic pollution 
and its potential associated health impacts (Avery-Gomm 
et al. 2018).

For population-level studies, considering what is driving 
ingestion risk helps us to understand how habitat relates to 
vulnerability, and how plastic pollution and its impacts on 
wildlife could vary spatially. Among more commonly stud-
ied bird species, the influences of foraging strategy and habi-
tat on plastic ingestion risk have been well studied. Roman 
et al. (2019) demonstrated that among seabirds, taxonomic 
grouping is the single most important ecological driver of 
plastic ingestion, but that foraging strategy, diet, and range 
in relation to pollution hotspots are also important predic-
tors. Particularly, their findings support previous research 
that surface feeders and those with a crustacean-rich diet 
are at the highest risk. Despite both northern fulmars and 
black-legged kittiwakes (Rissa tridactyla) being surface 
feeders, and therefore having similar vulnerability to plas-
tic pollution, there is documented variation in litter inges-
tion between species (Baak et al. 2020; Poon et al. 2017). 
This is likely related to species-specific diet preferences and 
anatomy which influence susceptibility; northern fulmars 
do not regurgitate indigestible remains, and therefore may 
retain plastic longer than species that do habitually regur-
gitate (Poon et al. 2017). Caldwell et al. (2020) evaluated 
plastic ingestion rates as a function of foraging niche in two 
closely related species and found that the generalist herring 
gull (Larus argentatus) had a significantly larger niche size 
and a significantly higher rate of plastic ingestion compared 
to the great black-backed gulls (Larus marinus). The pau-
city of research on plastic ingestion in raptors means we 

have little understanding so far of what the biggest drivers 
of plastic ingestion risk are in these species.

This study provides baseline evidence that for many rap-
tor species, ingestion risk of macroplastics and larger micro-
plastics is low. Bald eagles, as predicted based on foraging 
guild, appear to be more susceptible to ingestion. Barred 
owls ingested more anthropogenic waste than predicted, and 
we hypothesize that landscape-level effects are driving dif-
ferences in vulnerability for this species. Previous research 
has demonstrated that barred owl diet is influenced by the 
degree of urbanisation within their home ranges, with rat 
species making up an increasing proportion of their diet as 
urban development increased (Hindmarch and Elliott 2015). 
Rat species in other countries have also been documented to 
ingest plastic (Thrift et al. 2022); future work should con-
sider the relationship between landscape level factors such as 
urbanisation and vulnerability of plastic ingestion in raptors, 
and the potential for trophic transfer in these species. This 
research suggests that most raptor species would not make 
effective sentinel species for monitoring health impacts 
from plastic pollution, but that studying individuals across 
species ranges is valuable to increase our understanding of 
how vulnerability to plastic changes across the landscape. 
Bald eagles may be reasonable indicators of plastic pollu-
tion monitoring, especially in human-dominated landscapes 
where opportunistic scavenging increases exposure. Future 
research should focus on microplastic accumulation through-
out the gastrointestinal tracts of raptors, as these particles 
may represent a source for chronic exposure and secondary 
health impacts in these high trophic-level species (Brookson 
et al. 2019; Carlin et al. 2020; Santos et al. 2021). Finally, 
while our research suggests that raptors do not generally 
make great sentinel species for plastic pollution, publish-
ing null values such as those reported in this study is still 
critical to developing a global understanding of how plas-
tic pollution varies across different landscapes and species 
distributions.

Conclusion

Overall, this study demonstrated that birds of prey do not typi-
cally ingest and retain visible anthropogenic particles in their 
upper gastrointestinal tracts. Sample size limits this conclu-
sion for some species, and thus it should be applied cautiously. 
Bald eagles had the largest percent frequency of occurrence 
of plastic ingestion of any species, potentially due to species-
level traits such as opportunistic scavenging behaviour, which 
may increase their susceptibility to plastic pollution ingestion. 
The opportunistic nature of this data collection limited the 
ability to study microparticle accumulation < 2 mm. We rec-
ommend that future research investigate microparticle accu-
mulation in both the upper and lower gastrointestinal tracts 
of raptors, as well as how these species may excrete plastic 
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pollution into their environments (via guano, bolus produc-
tion, or nest building activity), in order to gain a more holistic 
understanding of plastic exposure in these species. In general, 
the raptor species studied here do not appear to make ideal 
indicator species for plastic pollution, but bald eagles dem-
onstrated higher prevalence of ingestion and warrant further 
study. Future work should focus on increasing sample sizes 
across all species to improve the ability to assess landscape-
level and species-level factors that influence vulnerability and 
susceptibility of plastic pollution ingestion.

Acknowledgements  We thank the many staff and students across insti-
tutions who have contributed to the collection and analysis of this data 
over the past two decades. This project was a truly collaborative effort.

Author contribution  Conceptualisation was performed by Kerry Schut-
ten, Jennifer Provencher, Claire Jardine, and Laurie Wilson. Investi-
gation was performed by Kerry Schutten, Akshaya Chandrashekar, 
Madelaine Bourdages, Tony Redford, and Victoria Bowes. Data cura-
tion was performed by Kerry Schutten, John Elliott, Sandi Lee, and 
Laurie Wilson. Kerry Schutten was responsible for writing the original 
draft; all authors participated in manuscript review and editing. Jennifer 
Provencher, Claire Jardine, and Laurie Wilson aided in supervision.

Data availability  The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Ethical approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Augé AA (2017) Anthropogenic debris in the diet of turkey vultures 
(Cathartes aura) in a remote and low-populated South Atlan-
tic island. Polar Biol 40:799–805. https://​doi.​org/​10.​1007/​
s00300-​016-​2004-0

Avery-Gomm S (2020) Plastic pollution and conservation of imperilled 
seabird species. Dissertation, The University of Queensland. https://​
doi.​org/​10.​14264/​uql.​2020.​232

Avery-Gomm S, Borrelle SB, Provencher JF (2018) Linking plastic 
ingestion research with marine wildlife conservation. Sci Total 
Environ 637–638:1492–1495. https://​doi.​org/​10.​1016/j.​scito​tenv.​
2018.​04.​409

Baak JE, Provencher JF, Mallory ML (2020) Plastic ingestion by four 
seabird species in the Canadian Arctic: comparisons across spe-
cies and time. Mar Pollut Bull 158:111386. https://​doi.​org/​10.​
1016/j.​marpo​lbul.​2020.​111386

Ballejo F, Plaza P, Speziale KL, Lambertucci AP, Lambertucci SA 
(2021) Plastic ingestion and dispersion by vultures may produce 
plastic islands in natural areas. Sci Total Environ 755:142421. 
https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​142421

Bell ML, Zanobetti A, Dominici F (2013) Evidence on vulnerability and 
susceptibility to health risks associated with short-term exposure 
to particulate matter: a systematic review and meta-analysis. Am J 
Epidemiol 178:865–876. https://​doi.​org/​10.​1093/​aje/​kwt090

Blettler MCM, Ulla MA, Rabuffetti AP, Garello N (2017) Plastic pol-
lution in freshwater ecosystems: macro-, meso-, and microplastic 
debris in a floodplain lake. Environ Monit Assess 189:581. https://​
doi.​org/​10.​1007/​s10661-​017-​6305-8

Borges-Ramírez MM, Escalona-Segura G, Huerta-Lwanga E, Iñigo-Elias 
E, Osten JR (2021) Organochlorine pesticides, polycyclic aromatic 
hydrocarbons, metals and metalloids in microplastics found in regur-
gitated pellets of black vulture from Campeche, Mexico. Sci Total 
Environ 801:149674. https://​doi.​org/​10.​1016/j.​scito​tenv.​2021.​149674

Bouker G, Tyree A, Martn AS, Salom A, Dodino S, Balza U (2021) 
Garbage dump use, mortality, and microplastic exposure of raptors 
in Ushuaia, Tierra Del Fuego Province, Southern Argentina. J Rap-
tor Res 55:220–229. https://​doi.​org/​10.​3356/​0892-​1016-​55.2.​220

Brookson CB, de Solla SR, Fernie KJ, Cepeda M, Rochman CM (2019) 
Microplastics in the diet of nestling double-crested cormorants 
(Phalacrocorax auritus), an obligate piscivore in a freshwater eco-
system. Can J Fish Aquat Sci 76:2156–2163. https://​doi.​org/​10.​
1139/​cjfas-​2018-​0388

Caldwell A, Seavey J, Craig E (2020) Foraging strategy impacts plas-
tic ingestion risk in seabirds. Limnol Oceanogr Lett 5:163–168. 
https://​doi.​org/​10.​1002/​lol2.​10126

Carlin J, Craig C, Little S, Donnelly M, Fox D, Zhai L, Walters L 
(2020) Microplastic accumulation in the gastrointestinal tracts in 
birds of prey in central Florida, USA. Environ Pollut 264:114633. 
https://​doi.​org/​10.​1016/j.​envpol.​2020.​114633

City of Vancouver (2021) 2020 Annual report for the Vancouver land-
fill. City of Vancouver. https://​vanco​uver.​ca/​files/​cov/​2020-​vanco​
uver-​landf​ill-​annual-​report.​pdf Accessed 1 April 2022

Cunha WA, Freitas ÍN, Gomes LAS, de Gonçalves SO, Montalvão 
MF, Ahmed MAI, Gomes AR, da Luz TM, da Araújo APC, Mala-
faia G (2022) From carrion-eaters to plastic material plunder-
ers: toxicological impacts of plastic ingestion on black vultures, 
Coragyps atratus (Cathartiformes: Cathartidae). J Hazard Mater 
424:127753. https://​doi.​org/​10.​1016/j.​jhazm​at.​2021.​127753

De Graaf RM, Tilghman NG, Anderson SH (1985) Foraging guilds of 
North American birds. Environ Manag 9:493–536. https://​doi.​org/​
10.​1007/​BF018​67324

Elliott KH, Duffe J, Lee SL, Mineau P, Elliott JE (2006) Foraging ecol-
ogy of bald eagles at an urban landfill. Wilson J Ornithol 118:11

Hindmarch S, Elliott JE (2015) When owls go to town: the diet of 
urban Barred Owls. J Raptor Res 9(1):66–74. https://​doi.​org/​10.​
3356/​jrr-​14-​00012.1

Jagiello Z, Dylewski Ł, Tobolka M, Aguirre JI (2019) Life in a polluted 
world: a global review of anthropogenic materials in bird nests. 
Environ Pollut 25:717–722. https://​doi.​org/​10.​1016/j.​envpol.​2019.​
05.​028

McClure CJ, Schulwitz SE, Anderson DL, Robinson BW, Mojica EK, 
Therrien JF, Oleyar MD, Johnson J (2019) Commentary: defining 
raptors and birds of prey. J Raptor Res 53(4):419–430

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00300-016-2004-0
https://doi.org/10.1007/s00300-016-2004-0
https://doi.org/10.14264/uql.2020.232
https://doi.org/10.14264/uql.2020.232
https://doi.org/10.1016/j.scitotenv.2018.04.409
https://doi.org/10.1016/j.scitotenv.2018.04.409
https://doi.org/10.1016/j.marpolbul.2020.111386
https://doi.org/10.1016/j.marpolbul.2020.111386
https://doi.org/10.1016/j.scitotenv.2020.142421
https://doi.org/10.1093/aje/kwt090
https://doi.org/10.1007/s10661-017-6305-8
https://doi.org/10.1007/s10661-017-6305-8
https://doi.org/10.1016/j.scitotenv.2021.149674
https://doi.org/10.3356/0892-1016-55.2.220
https://doi.org/10.1139/cjfas-2018-0388
https://doi.org/10.1139/cjfas-2018-0388
https://doi.org/10.1002/lol2.10126
https://doi.org/10.1016/j.envpol.2020.114633
https://vancouver.ca/files/cov/2020-vancouver-landfill-annual-report.pdf
https://vancouver.ca/files/cov/2020-vancouver-landfill-annual-report.pdf
https://doi.org/10.1016/j.jhazmat.2021.127753
https://doi.org/10.1007/BF01867324
https://doi.org/10.1007/BF01867324
https://doi.org/10.3356/jrr-14-00012.1
https://doi.org/10.3356/jrr-14-00012.1
https://doi.org/10.1016/j.envpol.2019.05.028
https://doi.org/10.1016/j.envpol.2019.05.028


76639Environmental Science and Pollution Research (2023) 30:76631–76639	

1 3

Peterson CA, Lee SL, Elliott JE (2001) Scavenging of waterfowl car-
casses by birds in agricultural fields of British Columbia. J Field 
Ornith 72(1):150–159

Plaza PI, Lambertucci SA (2017) How are garbage dumps impact-
ing vertebrate demography, health, and conservation? Glob Ecol 
Conserv 12:9–20. https://​doi.​org/​10.​1016/j.​gecco.​2017.​08.​002

Poon FE, Provencher JF, Mallory ML, Braune BM, Smith PA (2017) 
Levels of ingested debris vary across species in Canadian Arctic 
seabirds. Mar Pollut Bull 11:517–520. https://​doi.​org/​10.​1016/j.​
marpo​lbul.​2016.​11.​051

Provencher JF, Bond AL, Mallory ML (2015) Marine birds and plastic 
debris in Canada: a national synthesis and a way forward. Environ 
Rev. https://​doi.​org/​10.​1139/​er-​2014-​0039

Provencher JF, Bond AL, Avery-Gomm S, Borrelle SB, Rebolledo 
ELB, Hammer S, Kühn S, Lavers JL, Mallory ML, Trevail A, van 
Franeker JA (2017) Quantifying ingested debris in marine mega-
fauna: a review and recommendations for standardization. Anal 
Methods 9:1454–1469. https://​doi.​org/​10.​1039/​C6AY0​2419J

Provencher JF, Vermaire JC, Avery-Gomm S, Braune BM, Mallory 
ML (2018) Garbage in guano? Microplastic debris found in faecal 
precursors of seabirds known to ingest plastics. Sci Total Environ 
644:1477–1484. https://​doi.​org/​10.​1016/j.​scito​tenv.​2018.​07.​101

Provencher JF, Borrelle SB, Bond AL, Lavers JL, van Franeker JA, 
Kühn S, Hammer S, Avery-Gomm S, Mallory ML (2019) Rec-
ommended best practices for plastic and litter ingestion studies 
in marine birds: collection, processing, and reporting. Facets 
4:111–130. https://​doi.​org/​10.​1139/​facets-​2018-​0043

Puskic PS, Lavers JL, Bond AL (2020) A critical review of harm asso-
ciated with plastic ingestion on vertebrates. Sci Total Environ 
743:140666. https://​doi.​org/​10.​1016/j.​scito​tenv.​2020.​140666

Pynn L (2016) Ladner landfill becomes bald eagle haven. Vancouver 
Sun. https://​vanco​uvers​un.​com/​news/​metro/​ladner-​landf​ill-​becom​
es-​bald-​eagle-​haven Accessed 30 March 2022

Roman L, Bell E, Wilcox C, Hardesty BD, Hindell M (2019) Ecologi-
cal drivers of marine debris ingestion in Procellariiform Seabirds. 

Sci Rep Nat Publ Group 9. http://​dx.​doi.​org.​subze​ro.​lib.​uogue​lph.​
ca/​10.​1038/​s41598-​018-​37324-w

Santos RG, Machovsky-Capuska GE, Andrades R (2021) Plastic inges-
tion as an evolutionary trap: toward a holistic understanding. Sci-
ence 373:56–60. https://​doi.​org/​10.​1126/​scien​ce.​abh09​45

Thrift E, Porter A, Galloway TS, Coomber FG, Mathews F (2022) 
Ingestion of plastics by terrestrial small mammals. Sci Total Envi-
ron. https://​doi.​org/​10.​1016/j.​scito​tenv.​2022.​156679

UNEP (2014) Emerging issues update. United Nations Environment 
Programme, Nairobi, Kenya. https://​wedocs.​unep.​org/​handle/​20.​
500.​11822/​9240 Accessed 19 March 2022

van Franeker J, Meijboom A (2002) Litter NSV - Marine litter monitor-
ing by Northern Fulmar: a pilot study (Alterrarapport No. 401). 
Green World Research, Wageningen, Alterra, 72 pp. [Online]: 
https://​libra​ry.​wur.​nl/​WebQu​ery/​wurpu​bs/​repor​ts/​316170

van Franeker JA, Blaize C, Danielsen J, Fairclough K, Gollan J, Guse 
N, Hansen P-L, Heubeck M, Jensen J-K, Le Guillou G, Olsen B, 
Olsen K-O, Pedersen J, Stienen EWM, Turner DM (2011) Monitor-
ing plastic ingestion by the northern fulmar Fulmarus glacialis in the 
North Sea. Environ Pollut 159:2609–2615. https://​doi.​org/​10.​1016/j.​
envpol.​2011.​06.​008

van Sebille E, Wilcox C, Lebreton L, Maximenko N, Hardesty BD, 
van Franeker JA, Eriksen M, Siegel D, Galgani F, Law KL (2015) 
A global inventory of small floating plastic debris. Environ Res 
Lett 10:124006. https://​doi.​org/​10.​1088/​1748-​9326/​10/​12/​124006

Wang L, Nabi G, Yin L, Wang Y, Li S, Hao Z, Li D (2021) Birds and 
plastic pollution: recent advances. Avian Res 1:59. https://​doi.​org/​
10.​1186/​s40657-​021-​00293-2

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.gecco.2017.08.002
https://doi.org/10.1016/j.marpolbul.2016.11.051
https://doi.org/10.1016/j.marpolbul.2016.11.051
https://doi.org/10.1139/er-2014-0039
https://doi.org/10.1039/C6AY02419J
https://doi.org/10.1016/j.scitotenv.2018.07.101
https://doi.org/10.1139/facets-2018-0043
https://doi.org/10.1016/j.scitotenv.2020.140666
https://vancouversun.com/news/metro/ladner-landfill-becomes-bald-eagle-haven
https://vancouversun.com/news/metro/ladner-landfill-becomes-bald-eagle-haven
http://dx.doi.org.subzero.lib.uoguelph.ca/10.1038/s41598-018-37324-w
http://dx.doi.org.subzero.lib.uoguelph.ca/10.1038/s41598-018-37324-w
https://doi.org/10.1126/science.abh0945
https://doi.org/10.1016/j.scitotenv.2022.156679
https://wedocs.unep.org/handle/20.500.11822/9240
https://wedocs.unep.org/handle/20.500.11822/9240
https://library.wur.nl/WebQuery/wurpubs/reports/316170
https://doi.org/10.1016/j.envpol.2011.06.008
https://doi.org/10.1016/j.envpol.2011.06.008
https://doi.org/10.1088/1748-9326/10/12/124006
https://doi.org/10.1186/s40657-021-00293-2
https://doi.org/10.1186/s40657-021-00293-2

	Assessing plastic ingestion in birds of prey from British Columbia, Canada
	Abstract
	Introduction
	Materials and methods
	Sample collection
	Stomach content analysis

	Results
	Discussion and conclusion
	Do raptors ingest and retain macro- and microparticles of anthropogenic litter > 2 mm in size?
	How do species-level factors influence risk of plastic ingestion in raptors, and how does that influence their potential as sentinel species for plastic pollution monitoring?
	Conclusion

	Acknowledgements 
	References


