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PLASTIC POLLUTION IN SEABIRDS
Developing a program to monitor plastic pollution in seabirds in the pan-Arctic region

ABSTRACT
Many Arctic seabird populations are decreasing and
threats such as plastic pollution may exacerbate this
decline. Though research on plastic ingestion by
seabirds in the Arctic is increasing, there is a lack of
standardized long-term monitoring programs, making it
difficult to monitor pan-Arctic and global trends of this
environmental pollutant. We combine knowledge on
plastic ingestion, conservation status and the ability to
monitor Arctic seabird species to develop a program to
monitor plastic pollution in seabirds across the Arctic.
No Arctic seabird species were found to have both high
global conservation concern and high susceptibility
to plastic ingestion. However, at a local scale, 15 of
64 (23%) Arctic seabirds are listed as endangered or
critically endangered in at least one Arctic country, and
of those, 26% have an average frequency of occurrence
of plastic ingestion greater than zero. Further, 24 Arcticbreeding seabirds have not been examined for plastic
ingestion in this region. We propose methods to monitor
plastic pollution in seabirds in the Arctic, including
advice for monitoring spatial and temporal trends in
plastic ingestion, nest incorporation and entanglement,
microplastics and plastic-associated contaminants,
point sources of plastic pollution and species of high
conservation concern in the pan-Arctic region. The
working groups of the Arctic Council are currently
developing a regional action plan for litter under the
Protection of the Arctic Marine Environment (PAME)
working group, and a monitoring plan for plastic under
the Arctic Monitoring and Assessment (AMAP) Litter
and Microplastics (LMEG) working group, and the
program proposed here developed by the Conservation
of Arctic Flora and Fauna (CAFF) working group and the
Circumpolar Seabird Expert Group (CBird) is designed
to support and contribute to these pan-Arctic initiatives.

CONTEXT
This report is part of an initiative by the Conservation
of Arctic Flora and Fauna (CAFF) Working Group of
the Arctic Council to better understand the effects of
marine plastic pollution on Arctic seabirds and sea
ducks and is developed via CAFF’s Arctic Migratory
Birds Initiative (AMBI) in collaboration with the
Circumpolar Seabird Expert Group (CBird). Most
Arctic countries do not have any coordinated longterm monitoring in place and this report proposes a
program for monitoring the effects of plastic pollution
on seabirds in the Arctic in order to inform larger
4

conservation strategies and minimise the threats to
sustainable seabird populations across the Arctic.
Additional components of this work include: 1) a
review of literature related to the vulnerability of
seabirds to plastic pollution including ingestion and
entanglement in the Arctic; and 2) a comparative
analysis of how plastic pollution is addressed in
current policies in the Arctic countries.

INTRODUCTION
Seabirds are among the most numerous and widespread
marine megafauna (Croxall et al. 2012). As migratory
species and top predators, they are exposed to a number
of environmental factors throughout their annual cycle
that may affect their physiology and survival, making
them important indicators of changes in the marine
environment (Mallory et al. 2010; Avery-Gomm et al.
2012). For example, decreases in fish populations or
increases in chemical pollutants can result in declines in
seabird populations (Burger and Gochfeld 2002; Braune
et al. 2005; Frederiksen et al. 2007; Letcher et al. 2010).
Seabirds are also among the most threatened groups
of birds (Croxall et al. 2012) and many populations are
in decline across the globe (Paleczny et al. 2015). Thus,
seabirds are particularly important to consider when
examining marine ecosystems and the threats that
contribute to their decline.
Plastic pollution is ubiquitous in the marine environment
(UNEP 2016) and seabirds are particularly susceptible to
this pollutant due to their high trophic position, foraging
strategies and large foraging ranges (Day et al. 1985; van
Franeker et al. 2015; Wilcox et al. 2015). To date, 180 of
the world’s 409 seabird species have been reported to
ingest plastic and other debris (Kühn and van Franeker
2020). Plastic pollution can have an impact on seabirds
in two main ways: entanglement and ingestion. First,
seabirds can become entangled in larger debris such
as abandoned, lost or discarded fishing gear (ALDFG),
which can lead to wounds, suffocation or starvation
(Lively and Good 2019). Additionally, seabirds may
use plastic debris in the construction of nests, causing
entanglement and mortality of juveniles (Votier et al.
2011; Bond et al. 2012). Second, seabirds can ingest plastic
pollution. Ingestion of plastic pollution can have a range
of negative impacts on seabirds, including blockage
or damage to the gastrointestinal tract (Brandão et al.
2011), reduced body condition or increased satiation
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(Auman et al. 1997), and an increase in plastic-derived
contaminants in seabird tissue associated with higher
levels of accumulated plastic pollution (Lavers and Bond
2016), which may remain in the gastrointestinal tracts
for months (van Franeker and Law 2015).
The ingestion of plastic pollution by
seabirds is an increasing issue even
in remote areas, such as the Arctic
(Mallory et al. 2006; Provencher et
al. 2009; Trevail et al. 2015). Plastic
can enter the Arctic region through
land-based sources (e.g. landfills),
fishing activities, ocean currents,
wind and biotransport by seabirds
(Mallory et al. 2006; UNEP 2016), and has been found
across the Arctic marine environment from surface
waters (Lusher et al. 2015; Morgana et al. 2018) to the
deep sea floor (Bergmann et al. 2017; Buhl-Mortensen
and Buhl-Mortensen 2017; Tekman et al. 2017), and in
sea ice (Obbard et al. 2014; Peeken et al. 2018; Kanhai et
al. 2020). Of the 64 Arctic-breeding seabird species (Irons
et al. 2015), 40 have been examined for ingested plastics,
and 23 (58%) of these species examined contained at
least one plastic item (Baak et al. in press). However,
though plastic ingestion research is increasing in this
region, there remain large knowledge gaps for various
species and regions (O’Hanlon et al. 2017; Provencher
et al. 2015, 2017; Baak et al. in press). Further, there is
a lack of long-term monitoring of plastic ingestion by
seabirds in the Arctic, making it difficult to monitor panArctic and global trends of this environmental pollutant.

are increasing globally (IUCN 2020), populations in
Iceland and the mainland populations in Norway are
endangered (IINH 2018; NBIC 2019), and there have been
dramatic declines in the last 40 years in the Canadian
Arctic (Gaston et al. 2012; Mallory et al. 2020a). Other

The ingestion of plastic pollution by
seabirds is an increasing issue even
in remote areas, such as the Arctic.

While there is currently no standardized, long-term,
circumpolar monitoring program for plastic ingestion
by seabirds in the Arctic (Linnebjerg et al. in press),
the Arctic Council under the Arctic Monitoring and
Assessment Program (AMAP) is currently developing
a guideline for monitoring plastic in the Arctic
environment. In the North Sea, the Convention for
the Protection of the Marine Environment of the
North-East Atlantic (OSPAR) monitoring program uses
northern fulmars (Fulmarus glacialis) as an indicator
for plastic pollution (van Franeker et al. 2011; OSPAR
2015; Provencher et al. 2017). This protocol has
been used in Norway since the early 2000’s and has
recently been adopted in Iceland (Snæþórsson 2018,
2019) and some countries have opportunistically used
this protocol in the Arctic (e.g. Canada; Provencher et
al. 2009), but most Arctic countries do not have any
coordinated long-term monitoring in place. Data from
long-term monitoring programs are important to
assess spatial and temporal trends in plastic ingestion
across the Arctic. Further, from a conservation
perspective, these long-term monitoring programs
can be used to monitor the impacts of plastic pollution
on seabird species.
Many Arctic seabirds are of conservation concern.
For example, though northern fulmar populations

species, such as the black guillemot (Cepphus grylle)
and thick-billed murre (Uria lomvia), have varying
population statuses across the Arctic (Table 1). There
are a variety of threats that can cause these population
declines, such as reduced fish populations, unsustainable
harvesting, incidental bycatch, entanglement in ALDFG,
or environmental pollutants (Croxall et al. 2012;
Grémillet et al. 2018; Christensen-Dalsgaard 2019; Dias
et al. 2019; Dietz et al. 2019). Further, changes in prey
distribution, habitat, sea level and more due to climate
change can negatively affect populations, and these
threats can act on seabirds simultaneously (Provencher
et al. 2019a). Therefore, since seabird populations can
experience multiple stressors at once, it is important
to consider threats that may be both lethal (i.e. plastic
entanglement), and sub-lethal (i.e. plastic ingestion) in
context of their conservation status, especially since
plastic pollution may impact seabirds differently
depending on the biology of the species and its current
population trend. Further, plastic ingestion may differ
between species, as different species forage across
different areas and trophic levels (Poon et al. 2017). This
reinforces the need for monitoring plastic pollution in
Arctic seabirds, not only for estimating the abundance
of marine plastic pollution but for assessing the impact
on seabird individuals and populations.
In this study, we combine knowledge on plastic
pplastic pollution in Arctic seabirds. ollution ingestion,
conservation status and the ability to monitor Arctic
seabird species to propose a program to monitor
plastic pollution in seabirds across the pan-Arctic
region. Using this knowledge, the purposes of this
study are to: a) better understand which Arctic
seabirds may be most vulnerable to plastic pollution;
and b) develop a pan-Arctic program for monitoring
plastic pollution in Arctic seabirds. These methods can
then be used by countries across the Arctic to make
specific, coordinated monitoring plans, thus creating
data that can be combined and compared (when the
same sampling methods are used), resulting in panArctic analyses that help to track plastic pollution in
the marine environment and the potential effects of
plastic pollution on seabirds.
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METHODS
For this program, we defined the Arctic region according
to the Conservation of Arctic Flora and Fauna (CAFF),
which includes Greenland, the Faroe Islands, Iceland,
and parts of Norway, Russia, Canada, the United States
(USA; Alaska), Sweden and Finland (Fig. 1; Irons et al.
2015). However, as Sweden and Finland do not border
the Arctic Ocean and do not have seas within the CAFF
area, they are not included in this program specific to
Arctic breeding seabirds. We also defined Arctic seabirds
following CAFF (Irons et al. 2015), which includes 64
seabird species that breed in the Arctic (Table 1).
To determine species vulnerability on a global scale, we
used data from the International Union for Conservation
of Nature (IUCN) Red List of Threatened Species and
recorded each species population status (least concern,
near threatened, vulnerable, endangered, critically
endangered, regionally extinct or not assessed), and
population trend (increasing, stable, decreasing or
unknown). To determine species vulnerability on
a regional scale, we used nationally developed red
lists (that follow IUCN population status definitions)
from each Arctic country. Canada and the USA define
population status following the Committee on the Status
of Endangered Wildlife in Canada (COSEWIC 2018)
and the Endangered Species Program (U.S. Fish and
Wildlife Service 2020), respectively, and Russia defines
population status following the Red Data Book (uncertain
status, rare, decreasing number and endangered;
Procedure for Red Data Book of the Russian Federation

2016 updated in 2019), thus these definitions were used
for these countries. Finally, we used data from Baak et al.
(in press) on plastic ingestion by Arctic seabird species.
To determine which Arctic seabird species are typically
available for sampling (e.g. through harvesting, bycatch
or current monitoring programs) for plastic pollution
monitoring across the Arctic countries, two expert
workshops were held in 2019 in Iceland and Russia.
The Icelandic workshop, “Plastic Pollution in Seabirds”,
consisted of seabird researchers from universities and
research institutions as well as members of the CAFF
Circumpolar Seabird Expert Group (CBird) under the
Arctic Council. In this workshop, a representative from
each Arctic country gave an update on seabird plastic
pollution ingestion monitoring in their respective
nation. Further, members generated a list of species
for which substantial data on plastic ingestion already
exists, and a list of species that are easily accessible
for plastic pollution ingestion monitoring in the Arctic.
The Russian workshop, “Plastic pollution & seabirds
in the Russian Arctic: State of knowledge, information
exchange, possibilities for collaboration”, consisted
of plastic pollution and seabird experts representing
Arctic and adjacent northern and Far East coastal
areas in Russia, including representatives from
marine specially protected areas, research institutions,
universities and non-governmental organizations.
The Russian workshop was followed by a round-table
discussion “Seabirds, their monitoring and research
in the Russian Arctic and adjacent seas”. In this
workshop, participants provided updates on current
knowledge on plastic pollution and plastic pollution
ingestion by seabirds, and species suitable to monitor
in terms of plastic pollution ingestion in Russia were
suggested (CAFF 2020). Based on the results of the
above workshops and the number of plastic ingestion
reports (see Baak et al. in press for full list) for each
seabird species, CBird representatives provided a list
of all northern fulmar, black-legged kittiwake (Rissa
tridactyla) and thick-billed murre colonies in the
Arctic that are visited at least once every 3 – 5 years
for research or monitoring purposes. These data and
expert opinion were used in the development of this
monitoring program.

Fig. 1. The circumpolar Arctic as defined by CAFF (Irons
et al. 2015) including an outline of the Arctic circle at
66°33’ N.
6
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RESULTS
SPECIES VULNERABILITY
Forty (63%) of the 64 Arctic-breeding seabird species
have been examined for plastic ingestion in the Arctic
(Table 1; Baak et al. in press). Of these 40, 37 species
(93%) have a mean frequency of occurrence of plastic
ingestion < 50%, 27 of which are listed as least concern
on the IUCN Red List (Table 1; Fig. 2). The remainder
are listed as near threatened (n = 4), vulnerable (n = 5)
or endangered (n = 1), all of which have a decreasing
global population besides the common eider (Somateria
mollissima), which has an unknown population status
according to IUCN (Table 1; Fig. 2).

Group, 2013; Baak et al. in press), and all three are listed
as least concern on the global IUCN Red List (Table 1).
Further, the fork-tailed storm petrel and the northern
fulmar currently have increasing global population
trends, whereas the parakeet auklet is in decline (Table
1; Fig. 2). Locally, however, the northern fulmar is listed
as endangered in both Iceland and mainland Norway
(Table 1), and recent work in Canada shows a declining
population trend at some colonies (Mallory et al. 2020a).
The fork-tailed storm petrel and parakeet auklet have
not been assessed locally to date (Table 1).

The three species that had the highest reported frequency
of occurrence of plastic ingestion (> 50%) are fork-tailed
storm petrels (Oceanodroma furcata; mean 93%, max
100%; Day 1980; Baak et al. in press), parakeet auklets
(Aethia psittacula; mean 67%, max 94%; Robards et al.
1995; Baak et al. in press) and northern fulmars (mean
58%, max 91%; van Franeker and the SNS Fulmar Study

No Arctic seabird species were found to have both high
global conservation concern and high susceptibility
to plastic ingestion (Fig. 2), though many species of
high conservation concern have not been extensively
examined for plastics (e.g. Ivory gull Pagophila eburnea).
However, the Leach’s storm petrel (Oceanodroma
leucorhous), red-legged kittiwake (Rissa brevirostris),

Fig. 2. The global International Union for Conservation of Nature (IUCN) population status and trend, and mean
frequency of occurrence of plastic ingestion of Arctic-breeding seabirds, where ALTE = Aleutian tern (Onychoprion
aleuticus); ATPU = Atlantic puffin (Fratercula arctica); BLKI = black-legged kittiwake (Rissa tridactyla); FTSP =
fork-tailed storm petrel (Oceanodroma furcata); LHSP = Leach’s storm petrel (Oceanodroma leucorhous); MAMU =
marbled murrelet (Brachyramphus marmoratus); NOFU = northern fulmar (Fulmarus glacialis); PAAU = parakeet
auklet (Aethia psittacula); and RLKI = red-legged kittiwake (Rissa brevirostris). Overlapping points (i.e. species
with the same frequency of occurrence and IUCN status) were offset to show all species.
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Black-legged kittiwake in Svalbard.
Photograph by Kristine B. Westergaard

and black-legged kittiwake all have mean plastic
pollution ingestion levels greater than zero (34%, 13%
and 6%, respectively) and are listed as vulnerable on the
IUCN Redlist (Table 1). Further, black-legged kittiwakes
are listed as endangered in mainland Norway and
vulnerable in Greenland, the Faroe Islands and Iceland,
while red-legged kittiwakes are listed as rare in Russia.
It should be noted that Leach’s storm-petrels are being
actively assessed by COSEWIC in Canada, and their status
is likely to be changed from least concern to vulnerable
in the coming year.
Locally, 15 (23%) Arctic seabirds are listed as endangered
or critically endangered in at least one Arctic country
(Table 1). Of these, the common murre (Uria aalge)
and razorbill (Alca torda) are the only species listed
as endangered or critically endangered in at least
three Arctic countries. However, common murres are
at low risk of plastic ingestion (mean 0% frequency
of occurrence; 341 total samples) and razorbills have
not been examined for plastic ingestion in the Arctic
(although low levels have been reported outside of the
Arctic; Provencher et al. 2014). Overall, 26% of the 15
species at risk have a mean frequency of occurrence
greater than 0%. The thick-billed murre (mean 3%
frequency of occurrence) and black-legged kittiwake
(6%) are of most conservation concern, with at least
three Arctic countries listing them as vulnerable or
endangered.
8

SPECIES SUITABLE FOR MONITORING
PLASTIC POLLUTION IN THE PAN-ARCTIC
REGION
Determining spatial and temporal trends in plastic
ingestion across the pan-Arctic requires species that
are known to ingest plastic, are widely distributed
geographically and are readily accessible for
monitoring. Of the 40 Arctic seabirds known to have
ingested plastic, seven have a circumpolar distribution,
and of these, six are available to scientists in at least
three Arctic countries (Table 2). Of these, the northern
fulmar, thick-billed murre, black-legged kittiwake and
common eider have the highest number of plastic
ingestion studies across at least four Arctic countries.
At some colonies, seabird monitoring programs could
be expanded to include plastic ingestion monitoring for
these four species. The species accessible for monitoring
in the seven Arctic countries, based on the Icelandic and
Russian workshops, are listed in Table 3. The three most
accessible for monitoring in the Arctic are the northern
fulmar (7 Arctic countries; 8 potential sampling
methods), black-legged kittiwake (7 Arctic countries, 7
potential sampling methods) and thick-billed murre (6
Arctic countries; 5 potential sampling methods; Table 3).
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PROPOSED ARCTIC SEABIRD
MONITORING PROGRAM
Below we propose methods to monitor plastic pollution
in Arctic seabirds and provide advice for monitoring
spatial and temporal trends in plastic ingestion, nest
incorporation and entanglement, microplastics and
plastic-associated contaminants, point sources of plastic
pollution and species of high conservation concern in
the pan-Arctic region, which are summarized in Table 4.

1. Methods to monitor plastic pollution in
seabirds – Standardized methods (OSPAR
2015; Provencher et al. 2017, 2019) should be
used where possible to make data comparable
across spatially and temporally.

Plastic ingestion can be monitored in a variety of
ways. As discussed in Provencher et al. (2019b), whole
seabirds can be necropsied to examine stomach contents
(collected from hunting, bycatch, beached, or otherwise
found dead). Further, there are a variety of non-lethal
methods, such as bolus samples, regurgitation, stomach
flushing and emetics (Provencher et al. 2019b). There
are pros and cons to each sampling method (see
Provencher et al. 2017, 2019), and we recognize that
certain methods are not feasible for some species in
some regions. For example, in Greenland, it is illegal to
shoot thick-billed murres during the breeding season
due to severe declines in local populations (Merkel et
al. 2014). Further, in Norway and Russia (except for the
indigenous peoples of Chukotka), hunting of thick-billed
murres is prohibited year-round (Merkel and Barry

Plastic ring around the neck of a European shag
Photograph by Svein Håkon Lorentsen

2008). And finally, it may not be possible or justifiable to
sample species that are listed as endangered in certain
regions (e.g. Ivory gulls). Therefore, the decision on
which sampling method to employ should be decided
by the individual researcher within the limitations
of local ecosystems and permitting regimes. In order
to align slightly differing methods across regions,
future research efforts will need to consider how to
facilitate use of comparable methodologies to support
harmonized reporting. However, regardless of the
sampling method used, standardized methods for
seabird dissection and plastic classification (see OSPAR
2015) should be used when performing necropsies, and
plastic ingestion metrics (see Provencher et al. 2017)
and data analysis and presentation (see Provencher et
al. 2019) should be reported in a consistent manner to
harmonize reporting facilitate comparisons of plastic
ingestion (i.e. occurrence, mass, colour, type, etc.) across
species, regions and time.
Plastic ingestion levels differ depending on the sampling
method used. For example, Kühn and van Franeker
(2020) found that petrels and albatrosses have higher
occurrences of plastic ingestion when necropsy is
performed than when regurgitates are examined,
while in gulls, skuas and cormorants, plastic levels do
not differ between these two sampling methods. In
the Arctic, there are currently no studies that examine
the differences in plastic ingestion between sampling
methods (Baak et al. in press). Thus, in future studies
where multiple sampling methods are used, data should
always be compared between methods.
In addition to standardized methods, adequate sample
sizes are important to accurately compare plastic
ingestion by seabirds over time. Power analyses are
needed to determine the minimum sample size for a
species in a given region (see van Franeker and Meijboom
2002; Provencher et al. 2015, 2017). For example, van
Franeker and Meijboom (2002) determined that at least
40 individuals are needed to sample plastic ingestion
in northern fulmars in the North Sea, however, in the
Canadian Arctic, 80 northern fulmars are recommended
(Provencher et al. 2015). Thus, power analyses should be
conducted to determine the minimum sample size for a
species in a given region for a given sampling method.
If this is not possible, a minimum sample size of 40
individuals should be used, following van Franeker and
Meijboom (2002). Again, in some regions, this number
may not be feasible for certain sampling methods (e.g.
carcass collection), thus sample sizes should be within
the limits of local ecosystems and permitting regimes, as
discussed above.
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2. Monitoring spatial trends in plastic
ingestion – The northern fulmar, thickbilled murre, and black-legged kittiwake
should be monitored for spatial trends in
plastic ingestion.
Determining spatial trends in plastic ingestion across
the pan-Arctic requires species that are known to ingest
plastic and are widely distributed geographically. We
advise the use of three seabird species: northern fulmars,
thick-billed murres, and black-legged kittiwakes (Table
2, 4). The northern fulmar is the most widely studied
species for plastic ingestion in the Arctic, with 27 studies
across seven Arctic countries (Fig. 3; Baak et al. in press).
Further, this species has a wide distribution in the
Arctic (Mallory et al. 2020b) and there are 50 colonies
across the Arctic that are monitored every 3-5 years
for other research (Fig. 3) where plastic ingestion could
potentially be examined. Additionally, this species has a
high mean frequency of occurrence of plastic ingestion
in this region. In some Arctic regions, such as Russia,
fulmars have a limited breeding range and are not
readily monitored due to the inaccessibility of colonies.
However, data on plastic ingestion by fulmars span
most of the Northern hemisphere (O’Hanlon et al. 2017;
OSPAR 2015), making fulmars important indicators of
spatial trends in marine plastic pollution in the Arctic
and in adjacent waters.

The thick-billed murre is the second most studied
species in the Arctic, with 14 studies to date published
across four Arctic countries (see Fig. 4; Baak et al. in
press). Though murres in the Arctic have a relatively low
frequency of occurrence of plastic ingestion (mean 3%,
max of 24%; Lydersen et al. 1989; Baak et al. in press),
these seabirds are harvested for food in various Arctic
countries (Gaston and Robertson 2010; Merkel et al.
2014), making them a suitable monitoring species. Since
this species has a circumpolar distribution (Gaston and
Hipfner 2020), and 52 colonies across the Arctic (besides
the Faroe Islands) are visited every 3 – 5 years for other
monitoring purposes (Fig. 4), thick-billed murres have
the potential to be monitored for spatial trends in plastic
pollution across the Arctic, not only to determine spatial
trends in plastic ingestion, but also to assess human
health risks by examining plastic-related contaminants
in tissues (when necropsy is the sampling method used).
Plastic pollution levels in black-legged kittiwakes in the
Arctic are higher than murres (mean 6%, max 15%; Baak
et al. in press), but lower than fulmars. However, the
black-legged kittiwake is one of the fourth most-studied
seabirds for plastic ingestion in the Arctic, with eight
studies across four Arctic countries (Fig. 5; Baak et al. in
press). Further, with a circumpolar distribution (Hatch
et al. 2020) and 3942 kittiwake colonies across the Arctic
that are visited every 3 – 5 years for other monitoring
purposes (Fig. 5), they are ideal for monitoring spatial

Fig. 3. Northern fulmar
(Fulmarus glacialis) colonies
visited every 3-5 years and
locations where northern
fulmars have been sampled for
plastic ingestion in the Arctic.
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trends in plastics across these regions. However, it is
important to note that of the 3942 colonies that can be
monitored, 98% are in Alaska, with a large cluster in the
Kodiak Archipelago (Fig. 5).
Finally, to obtain accurate information on the distribution
of plastics in the marine environment, it is important to
sample various seabird species with different foraging
strategies and diets (Poon et al. 2017). Northern fulmars
and black-legged kittiwakes are both surface-feeders,
where northern fulmars are omnivorous and blacklegged kittiwakes are generally piscivorous (Hatch et al.
2020; Mallory et al. 2020b), while thick-billed murres
are pursuit-divers (Gaston and Hipfner 2020). Thus,
we suggest monitoring northern fulmars, thick-billed
murres and black-legged kittiwakes for spatial trends in
plastic ingestion in the Arctic.

3. Monitoring temporal trends in plastic
ingestion – The northern fulmar, thick-billed
murre and black-legged kittiwake should
be monitored for temporal trends in plastic
pollution ingestion.
Knowledge on the temporal trends of plastic ingestion
by seabirds is essential for understanding the changes
in marine plastic pollution and evaluating the effect of
policies and programs aimed at preventing and reducing
plastic pollution in the marine environment. The most

suitable species to monitor for temporal trends are those
that have historical information, can be readily accessed,
and that may be part of other monitoring programs to
reduce disturbance to colonies and individuals. Thus,
we advise the use of northern fulmars, black-legged
kittiwakes and thick-billed murres for monitoring
temporal trends of plastic ingestion in the pan-Arctic
region (Table 2, 4).
Plastic ingestion by northern fulmars has been
examined since the 1970s (Fig. 3; Baak et al. in press) and
monitoring efforts have continued to increase, especially
since the introduction of the OSPAR monitoring program
(OSPAR 2015). The current temporal distribution of data
on plastic ingestion by fulmars, along with their high
susceptibility to ingest plastics and high conservation
concern in some regions, makes this species an important
indicator of temporal trends in plastic ingestion in the
Arctic. Fulmars are the only species that are consistently
monitored using a standardized method to facilitate
comparisons across years. Further, van Franeker and
Meijboom (2002) determined that to accurately assess
temporal trends in plastic ingestion by seabirds, four
to eight consecutive years of data are required for
statistical power. Thus, we advise that Arctic countries
adopt the OSPAR monitoring program where possible,
to continue using northern fulmars to monitor temporal
trends in plastic ingestion in the pan-Arctic region as
well as across the northern hemisphere.

Fig. 4. Thick-billed murre (Uria
lomvia) colonies visited every 3-5
years and locations where thickbilled murres have been sampled
for plastic ingestion in the Arctic.
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After the northern fulmar, black-legged kittiwakes and
thick-billed murres are some of the most studied species
in the Arctic, with plastic ingestion data ranging from
1969 – 2015 and 1969 – 2013, respectively. These species
can also be monitored using the OSPAR monitoring
protocol (e.g. Poon et al. 2017), thus when these species
are monitored for other purposes (e.g. productivity
monitoring), plastic ingestion should continue to be
assessed to examine temporal trends on plastic ingestion
in the pan-Arctic region.

4. Monitoring nest incorporation and
entanglement – Black-legged kittiwake and
northern gannet (Morus bassanus) nests
should be monitored for nest incorporation
of and entanglement in plastic pollution.
Incorporation of plastic debris into nests has been
observed in several seabird species, increasing the risk
of entanglement and mortality (e.g. Hartwig et al. 2007;
Votier et al. 2011; Grant et al. 2018; O’Hanlon et al. 2019).
Using plastic debris as nesting material is associated
with the abundance and availability of plastic debris
in the marine environment (Bond et al. 2012), thus
monitoring the use of plastic pollution in nests can
provide information on the amount and type of plastic
pollution in the local marine environment. Of the 64
Arctic breeding species included in this document, none
have published information on nest incorporation or

entanglement in the Arctic. Further, of the three species
suitable for spatial and temporal monitoring of plastic
ingestion across the Arctic (Table 4), only the blacklegged kittiwake actively builds nests.
Outside of the Arctic, black-legged kittiwakes have
incorporated plastic debris in their nests (Hartwig et al.
2007). For example, in Denmark, Hartwig et al. (2007)
found that 57% of black-legged kittiwake nests sampled
in 2005 contained plastic debris, an increase from
39% in 1992 (Clemens and Hartwig 1993). As blacklegged kittiwakes are broadly studied in the Arctic for
plastic ingestion already, and many colonies are visited
every 3-5 years for other monitoring, we suggest that
black-legged kittiwake nests are monitored for nest
incorporation of plastic debris in the Arctic. This will
provide data that are comparable across many regions
in the Arctic, and importantly, comparable to adjacent
seas where black-legged kittiwakes also nest in subArctic and temperate locations.
Other seabird species that have been examined for
nest incorporation and entanglement in more southern
regions, but are also found in the Arctic, are doublecrested cormorants (Phalacrocorax auritus), great
cormorants (P. carbo), European shags (P. aristotelis)
and northern gannets (Podolsky and Kress 1989;
Montevecchi 1991; Hartwig et al. 2007; Votier et al. 2011;
Acampora et al. 2016, Tavares et al. 2019; O’Hanlon et

Fig. 5. Black-legged kittiwake
(Rissa tridactyla) colonies visited
every 3-5 years and locations
where black-legged kittiwakes
have been sampled for plastic
ingestion in the Arctic.
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Seabird's nest with the plastic rubbish on the Arctic island.
Photograph by Vladimir Melnik/www.shutterstock.com
al. 2019). In the northeastern US, 37% of double-crested
cormorant nests contained plastic (Podolsky and Kress
1989). In eastern Canada, Montevecchi (1991) found that
97% of northern gannet nests sampled in 1989 contained
plastic debris. However, after fisheries closures in 1992,
this number decreased to 28% by 2007 (Bond et al. 2012).
Northern gannets are also known to become entangled
in plastic debris in nests (e.g. Votier et al. 2011), thus
this species can be monitored for both incorporation
and entanglement at the same time. Within the Arctic
region, the double-crested cormorant only occurs in the
Bering Sea (Dorr et al. 2020) and the northern gannet
only breeds in Iceland, the Faroe Islands, Norway and
the western part of the Russian Arctic (Mowbray 2020).
However, as climate change increases, the northern
gannet is likely to expand its breeding range farther into
the Arctic (Boertmann et al 2020), thus we suggest that
nest incorporation and entanglement of plastic debris
are monitored at northern gannet colonies in the Arctic,
and where possible efforts should be coordinated in subArctic colonies as well.
Provencher et al. (2015) conducted a power analysis to
determine the number of northern gannet nest samples
needed to detect a 10% change in nest incorporation
of plastics and determined that between 140 – 629
nests are needed depending on the region. Though
this number may vary for more northern colonies, we
suggest sampling within this range when monitoring
northern gannet nests in the Arctic. Further, as there is

currently no power analysis for the number of blacklegged kittiwake nests needed for monitoring nest
incorporation in the Arctic, we suggest following the
recommended range for northern gannet nests.
We recognize that in the Arctic, many seabird colonies
are inaccessible for monitoring on-land. For example,
in Arctic Canada, the majority of black-legged kittiwake
colonies are monitored by boat or by aerial survey and
the colonies are never physically visited. In these cases,
photographic surveillance by community members
or tourists on cruise ships could be used to estimate
the abundance of plastics incorporated into nests.
Additionally, time-lapse cameras are often used for other
seabird monitoring purposes, thus using these photos
to also monitor nest incorporation of plastic pollution
across years and seasons should be explored (there is
currently a pilot study using this technique in northern
Canada). While access to nests and their visibility may
vary across black-legged kittiwakes colonies in the
Arctic, at a minimum the presence and absence of plastic
pollution should be noted as the most reliable plastic
pollution metric that can be recorded using different
methods (e.g. direct observations, colony photographs,
etc.)
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5. Monitoring microplastics and plasticassociated
contaminants
–
Northern
fulmars, thick-billed murres, black-legged
kittiwakes and common eiders should be
monitored for microplastics and plasticassociated contaminants.
The majority of studies examining plastic ingestion in
seabirds have looked at macroplastics (> 20-100 mm)
and mesoplastics (> 5-20 mm), however, microplastics
(< 5 mm; Barnes et al. 2008) and plastic-associated
contaminants are also important to consider when
monitoring the impacts of plastic pollution on seabirds.
Plastic debris found in the marine environment contains
both additives compounded during manufacturing and
chemicals absorbed from sea water (Hirai et al. 2011)
which can include unreacted chemicals and nonintentionally added substances. These chemicals may
be a concern for seabirds and other marine organisms
that ingest plastic pollution. Indeed, when plastic is
ingested, the chemicals used in plastic production can
be incorporated into fish or seabird tissue (Tanaka et al.
2013; Rochman et al. 2014; Tanaka et al. 2020). Further,
as many Arctic seabirds are harvested for consumption
(ACIA 2005), microplastics (small enough to translocate
into seabird tissues) and plastic-associated contaminants
in seabird tissues may transfer to the humans that
consume them. In addition to the impact on seabirds,
seabirds might also act as vectors of microplastics to the
marine and terrestrial environment where their guano
and other material (i.e. carcases and nest materials)
accumulate around their colonies (Provencher et
al. 2018). Thus, monitoring microplastic and plasticassociated contaminants is essential to understand the
impacts on Arctic seabird species and the environment,
as well as human health risks.
Given that northern fulmars are one of the species with
the highest levels of plastic pollution ingestion (Baak et
al. in press), and that there are ongoing monitoring of
contaminants in northern fulmars in several regions
(Dietz et al. 2019), this species should be examined for
both plastic-derived and plastic-associated contaminants
where possible. Assessing both ingested plastics and
contaminants in this species across the Arctic will
help elucidate how plastic ingestion and contaminants
burdens are linked. Further, in some Arctic countries
(e.g. Canada and US) tissue samples have been archived
(as frozen homogenates of whole eggs in chemically
clean glassware) that can be used to study historical
plastic pollution contaminants. Additionally, tissues
from a variety of other seabird species (e.g. thick-billed
murres and black-legged kittiwakes) are sampled for
contaminant monitoring purposes, thus there is a large
pool of samples that expand our ability to assess spatial
and temporal patterns in plastic ingestion.
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Eiders have been previously examined for contaminants
in the Arctic (e.g. Mallory et al. 2004). For example, in
Alaska, Stout et al. (2002) found that though many
eiders had contaminant concentrations below toxic
thresholds, they had higher levels of cadmium, copper,
lead and selenium than other seabird species. Though
this study did not examine plastic ingestion or plasticassociated contaminants, contaminant monitoring in
the Arctic already uses seabirds for tracking patterns
and trends in environmental contaminants (Dietz et al.
2019), thus tissues can be sampled for plastic-associated
contaminants at the same time.
Common eiders are widely distributed across the panArctic (Goudie et al. 2020), and consequently, are one of
the fourth most studied species for plastic ingestion in the
Arctic, with eight studies across four Arctic countries. Out
of 998 eiders sampled across the Arctic, only one (0.1%)
has ingested plastic (Baak et al. in press; Provencher et al.
2013 in Provencher et al. 2014). However, the majority
of these studies did not examine microplastics < 1mm,
and none examined plastic-associated contaminants.
As eiders are often harvested for consumption in the
Arctic (ACIA 2005; Merkel and Barry 2008), monitoring
microplastics < 1mm and plastic related contaminants
in this species will be increasingly important for
northern communities, especially as plastic pollution in
the Arctic continues to increase. Therefore, we suggest
monitoring this species for microplastics < 1mm and
plastic-associated contaminants in the pan-Arctic region.
Due to the small number of eiders that ingest plastic
in the Arctic, we encourage a minimum sample of 50
eiders to monitor microplastic and plastic-associated
contaminants (e.g. PBDE’s; AMAP unpublished report).
Research that aims to better understand the impacts
of physical plastic pollution to chemical contaminants
in biota can be easily applied via current seabird
programs throughout the region (Provencher et al.
2017). Specifically, several seabird species are monitored
for chemical pollutants via egg and carcass collections
recommended by national programs across the Arctic
that contribute data to the Arctic Monitoring and
Assessment Programme (AMAP), such as northern
fulmars and thick-billed murres (Dietz et al. 2019).
Therefore, any research on microplastics and plasticassociated contaminants should be conducted in
coordination with the countries monitoring protocol
as recommended through AMAP. Further, seabird
scientists can, where possible, collaborate with local
hunters to obtain tissues for analysis. If seabirds are not
collected or hunted in a region, beached or bycatch birds
can be used to examine plastic-associated contaminants.
Additionally, where possible eggs, chicks, fledglings and
adults should be examined for both physical plastic
pollution and plastic-derived contaminants to fully
understand how plastic pollution may be affecting these
species.
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6. Monitoring point sources of plastic
pollution
–
Glaucous
gull
(Larus
hyperboreus), great skua (Stercorarius
skua) and other gull species that feed at
landfills and other urban or rural sites,
pellets/regurgitations should be monitored
for plastic pollution near point sources to
track local trends in plastic pollution.
Although many Arctic countries have marine plastic
policies in place to prevent plastic waste entering
the marine environment (Linnebjerg et al. in press),
waste management is an ongoing challenge. As waste
management practices evolve, monitoring point
sources of pollution will be of increasing importance to
better our understanding of the effectiveness of waste
management programs and is a core component of
PAME’s Microplastic and Litter Regional Action Plan. As
generalist predators and scavengers, larger gull species
often make use of anthropogenic food sources, such as
landfills, making them particularly susceptible to plastic
ingestion (Bond 2016; Seif et al. 2018), and consequently
suitable biomonitors for local land-based plastic
pollution. Seif et al. (2018) examined plastic ingestion
by herring gulls (Larus argentatus), great blackbacked gulls (Larus marinus) and Iceland gulls (Larus
glaucoides) feeding at a landfill in Newfoundland,
Canada, and found that approximately 75% of gulls
ingested debris.
Of the nine gull species examined for plastic ingestion in
the Arctic, red-legged kittiwakes and mew gulls (Larus
canus) have the highest mean frequency of occurrence
of plastic ingestion (both 13%, Table 1). However, these
species are often not associated with landfills or waste
dumps, thus give little information on point sources of
plastic pollution. One gull species suitable for monitoring
point sources of plastic pollution is the glaucous gull.
This species has a pan-Arctic distribution, is known to
ingest plastic (Table 1), and is also recommended as a
monitoring species by AMAP (Dietz et al. 2019), thus
is accessible for sampling in the Arctic. Importantly,
there are recommended protocols for examining plastic
pollution in bird boluses (Provencher et al. 2019).
Therefore, we suggest that future research should focus
on glaucous gulls and other gull species feeding at
landfills, communities, military bases and other urban
or rural sites to monitor the effectiveness of waste
management in the Arctic. Additionally, glaucous gulls
show a high body burden of contaminants, which is
primarily related to feeding at a higher trophic level.
Therefore, glaucous gulls can be used to assess how
plastic chemicals are transferred to seabird tissues.
As gulls can regurgitate indigestible food items (Ryan
1987; Carey 2011), bolus or pellet samples can be used as
a non-lethal method to monitor plastic ingestion by gulls
feeding at local landfills or waste management facilities
in the Arctic. Boluses provide a snapshot of debris
recently ingested (e.g. Bond 2016), whereas necropsy

provides a sample of debris that is either unable to be
regurgitated or unable to be digested (Seif et al. 2018).
Bolus samples collected from inland gull colonies can be
used to monitor changes in waste management. Further,
bolus samples can be collected at colonies where current
study programs exist or through citizen science (e.g.
Lindborg et al. 2012).
Finally, great skuas, as seabird predators, have a
unique potential for monitoring plastic ingestion using
regurgitated boluses because the frequency of plastic
ingestion can vary depending on the prey consumed
(Hammer et al. 2016). For example, in Hammer et al.
(2016), great skuas from the Faroe Islands had higher
incidences of plastic in bolus samples that contained
northern fulmars compared to boluses that contained
black-legged kittiwakes, which have a lower mean
frequency of plastic ingestion than fulmars. Great skuas
breed in Iceland, the Faroe Islands, Svalbard, mainland
Norway and Northwest Russia (Furness et al. 2020) and
their range is predicted to increase farther into the Arctic
with climate change (Boertmann et al. 2020), although at
present they do not breed in Canada or the USA and thus
cannot be monitored in those regions. Nonetheless, this
species has a 4% mean frequency of plastic ingestion
in the Arctic (Baak et al. in press) and can provide
valuable monitoring information over much of the
region, particularly in areas where collecting samples
from other species may be challenging. Thus, we advise
monitoring glaucous gulls, great skuas and other gull
species to track local trends in plastic pollution in the
Arctic region.

Photograph: Maria Gavrilo
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7. Monitoring species of high conservation
concern – Leach’s storm-petrels should be
monitored where possible for potential
effects of plastic pollution.
The ability to predict the effect of plastic ingestion on
seabird species is limited by the lack of research on a
variety of species (Avery-Gomm et al. 2016). This is
especially important for understudied species with
a high conservation status. This limitation can be
addressed by conducting baseline studies on plastic
ingestion by these species (Provencher et al. 2017).
Across the Arctic, we found that seven seabird species
were listed as vulnerable and endangered on a global
scale. Of these, three were reported to have ingested
plastic, three have no occurrence of plastic and one has
no data.
Of the species of high conservation concern that have
ingested plastic, the Leach’s storm-petrel has the highest
mean frequency of occurrence (mean 34%, max 57%;
Baak et al. in press), including some chicks (Rothstein
1973 in Day et al. 1985). Though these data were collected
before the year 2000, recent plastic pollution ingestion
levels in Leach’s storm-petrels in more southern regions
(Bond and Lavers 2013) suggest that this species is
still at risk of plastic ingestion. Recent research in subArctic Canada (Newfoundland) found that while adults
may have low levels of ingested plastic pollution (<10%
frequency of occurrence), fledglings may experience
very high levels of plastic ingestion (>80% frequency of
occurrence; Mallory and Hedd unpub data). Importantly,
Leach’s storm-petrels are listed as vulnerable with
a decreasing population both globally and locally in
the Arctic, so understanding the threats to this species
throughout its life span is important for conservation
actions.
Another seabird of global conservation concern and
moderate risk of plastic ingestion is the red-legged
kittiwake (Table 1). Like the Leach’s storm-petrel, the
red-legged kittiwake is listed as vulnerable with a
decreasing population on the global IUCN Red List but
has a 13% mean frequency of occurrence of plastic (max
46%; Baak et al. in press). However, there are only three
plastic ingestion studies on red-legged kittiwakes in the
Arctic, all from the Bering Sea between 1969 – 1994
(Day 1980; Robards et al. 1995; Artukhin et al. 2014).
Importantly, this species is only found in the Bering Sea
(Byrd and Williams 2020), so while red-legged kittiwakes
are not ideal for monitoring plastic ingestion across the
Arctic, understanding the impacts of plastic pollution
may inform conservation actions.

puffin (Fratercula arctica), currently have no incidence
of plastic ingestion in the Arctic. Moreover, these species
only have 1 – 2 studies across this region, all conducted
before 1990 (Baak et al. in press). Importantly, Atlantic
puffins have incidences of plastic ingestion in other
regions (e.g. Ireland; Acampora et al. 2016), thus
additional studies are warranted to determine the risk
of plastic ingestion for this species in the Arctic. Locally,
the Atlantic puffin, common murre and parasitic
jaeger (Stercorarius parasiticus) are listed as critically
endangered in at least one Arctic country. As well, the
northern fulmar, thick-billed murre and long-tailed
jaeger (S. longicaudus) are listed as endangered in at least
two Arctic countries, and seven other species are listed
as endangered in one Arctic country (see Table 1). Since
these species are already of high conservation concern in
the Arctic, plastic ingestion may exacerbate this decline
(as in fulmars; Mallory et al. 2006). However, it is difficult
to assess the risk of plastic ingestion in these species. For
example, ivory gulls are listed as endangered in Canada
but vulnerable in Greenland, Svalbard and Russia. They
have no record of plastic ingestion; however, they have
only been examined in three studies, all of which were
conducted between 1969-1984 with small sample sizes
(Day 1980; Mehlum and Giertz 1984; Gjertz et al. 1985).
Though additional studies are warranted to determine
the risk of plastic ingestion for ivory gulls and other
species, sampling these populations of high conservation
concern for plastic ingestion is impractical unless
carcasses are found opportunistically. One avenue that
future research should explore is how eggs may be
monitoring for plastic-derived contaminants as a proxy
for plastic ingestion. This method may be of more use
for species where eggs can be collected or are already
archived in some regions (i.e. ivory gulls).
We suggest monitoring Leach’s storm-petrels in the
Arctic due to their high conservation concern, moderate
level of plastic ingestion and their North Atlantic and
North Pacific distribution (Pollet et al. 2020). Plastics
can be monitored in Leach’s storm-petrel using variety
of methods (e.g. necropsy, stomach flushing). However,
due to the conservation concern of Leach’s storm-petrels,
we suggest non-lethal methods where possible, such as
emetics (Bond and Lavers 2013), stomach flushing (Fijn
et al. 2012), opportunistic carcass collections (Youngren
et al. 2018), guano, or regurgitated bolus collections from
predator species (e.g. great skuas; Votier et al. 2016).

The three other species of global conservation concern,
the marbled murrelet (Brachyramphus marmoratus),
Aleutian tern (Onychoprion aleuticus) and Atlantic
16
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CONCLUSIONS
Plastic pollution is an increasing environmental threat
that negatively impacts a variety of Arctic seabirds.
Importantly, as multiple threats can act on seabird
populations at the same time, it is important to consider
threats to seabirds in context with their conservation
status. Thus, we provide advice on monitoring
spatial and temporal trends in plastic ingestion, nest
incorporation and entanglement, microplastics and
plastic-associated contaminants, point sources of plastic
pollution, and species of high conservation concern
in the pan-Arctic region. We strongly encourage
collaboration with local hunters, community members
and other seabird and contaminant scientists to ensure
standardized, systematic sampling of seabirds for
plastic ingestion across the Arctic. Furthermore, as
Arctic-breeding seabird species are found outside of the
Arctic, this proposed program provides the opportunity
to compare plastic pollution levels within the Arctic
to regions across the globe (van Franeker et al. 2011;
Provencher et al. 2017). As increasing temperatures
due to climate change continue to melt sea ice, more
microplastics will be released (Obbard et al. 2014) and
more floating plastics will enter into Arctic waters
(Cózar et al. 2017). Further, human, shipping and fishing
activities will continue to increase across the Arctic

(Smith and Stephenson 2013), making seabirds more
vulnerable to plastic pollution. As this threat continues
to escalate, it is important to not only use seabirds as
tools for monitoring plastic pollution, but to consider the
impacts of plastic ingestion on these species and how
plastic pollution may exacerbate their decline.
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FAMILY

Alcidae

Alcidae

Charadriiformes

Charadriiformes

Anseriformes Anatidae

ORDER

0±0

Black guillemot (Cepphus grylle)

0±0

Kittlitz’s murrelet
(Brachyramphus brevirostris)

157

EN

0±0

Marbled murrelet
(Brachyramphus marmoratus)

LC

NT

LC

LC

LC

LC

NT

LC

VU

LC

NT

912

22

268

513

1235

341

45

83

50

84

Long-billed murrelet
(Brachyramphus perdix)

0±1

37 ± 0

Horned puffin (Fratercula corniculata)

Least auklet (Aethia pusilla)

20 ± 22

1±1

Crested auklet (Aethia cristatella)

Dovekie/Little auk (Alle alle)

0±0

Common murre (Uria aalge)

26 ± 20

0±0

Atlantic puffin (Fratercula arctica)

Cassin’s auklet
(Ptychoramphus aleuticus)

0±0

Ancient murrelet
(Synthlioboramphus antiquus)

VU

LC

Steller’s eider (Polystica stelleri)

54

NT

NT

0±0

King eider (Somateria spectabilis)

998

TOTAL SAMPLE IUCN
EXAMINED
STATUS
FOR PLASTICS (20152018)

Spectacled eider (Somateria fischeri)

0±0

MEAN
FO (%)

Common eider (Somateria mollissima)

SPECIES

Decreasing

Decreasing

Decreasing

Decreasing

Decreasing

Decreasing

Decreasing

Increasing

Decreasing

Unknown

Decreasing

Decreasing

Decreasing

Decreasing

Decreasing

Unknown

POPULATION
STATUS
2015-2018)

LC

EN

LC

VU

LC

LC

GREENLAND
(2018)

EN

NT

NT

NT

FAROE
ISLANDS
(2005)

VU

EN

CR

VU

ICELAND
(2018)

LC

VU

LC

LC

NT

LC

NORWAY/
SVALBARD
(2015)

CR

VU

VU

VU

NT

MAINLAND
NORWAY
(2015)

3

2

3

RUSSIAa
(2020)

Threatened
(2012)

-

-

-

-

-

-

Special
concern
(2014)

Special
concern
(2014)

CANADAb

Threatened

Not listed

Not listed

Not listed

Not listed

USAc

Table 1. The mean frequency of occurrence of plastic ingestion (FO), global International Union for Conservation of Nature (IUCN) population status, local (country-level)
population status, and population trends for Arctic seabird species As defined by Irons et al. 2015. Dates of last population assessment are in parentheses. LC = least concern;
NT = near threatened; VU = vulnerable; EN = endangered; CR = critically endangered; and RE = regionally extinct. Plastic ingestion data retrieved from Baak et al. in press.
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Charadriiformes

ORDER

Laridae

Laridae

FAMILY

0±0
0±0

Laridae Aleutian tern
(Onychoprion aleuticus)

Arctic tern (Sterna paradisaea)

LC

Herring gull (Larus argentatus)

498

LC

Great black-backed gull
(Larus marinus)
10 ± 14

0±0

Glaucous -winged gull
(Larus glaucescens)

LC

LC

1±0

Glaucous gull (Larus hyperboreus)
84

LC

Common tern (Sterna hirundo)
58

LC

Caspian tern (Hydroprogne caspia)

LC

Bonaparte’s gull
(Chroicocephalus philadelphia)
4

LC

Black tern (Chlidonias niger)
0±0

VU

585

Black-legged kittiwake (Rissa tridactyla)

LC

VU

LC

LC

67

8

512

Black-headed gull
(Chroicocephalus ridibundus)
6±5

0±0

Whiskered auklet (Aethia pygmaea)

LC

13 ± 12

Tufted puffin (Fratercula cirrhata)

841

LC

3±7

Thick-billed murre (Uria lomvia)

1025

LC

Spectacled guillemot (Cepphus carbo)

21

LC

0±0

Rhinoceros auklet
(Cerorhinca monocerata)

LC

LC

NT

61

467

TOTAL SAMPLE IUCN
EXAMINED
STATUS
FOR PLASTICS (20152018)

Razorbill (Alca torda)

1±2

67 ± 46

Parakeet auklet (Aethia psittacula)

Pigeon guillemot (Cepphus columba)

MEAN
FO (%)

SPECIES

Decreasing

Decreasing

Increasing

Stable

Unknown

Increasing

Increasing

Decreasing

Decreasing

Unknown

Decreasing

Decreasing

Decreasing

Decreasing

Increasing

Decreasing

Decreasing

Decreasing

Stable

Decreasing

POPULATION
STATUS
2015-2018)

LC

LC

VU

VU

NT

VU

LC

GREENLAND
(2018)

NT

NT

VU

VU

EN

EN

FAROE
ISLANDS
(2005)

NT

EN

EN

VU

LC

VU

EN

NT

ICELAND
(2018)

LC

NT

NT

LC

NT

EN

NORWAY/
SVALBARD
(2015)

LC

LC

EN

EN

VU

LC

EN

EN

MAINLAND
NORWAY
(2015)

3

3

RUSSIAa
(2020)

Under
review

USAc

Not at risk
Not listed
(1998)

Not at risk
(1997)

Not at risk
Not listed
(1996)

CANADAb
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Procellariiformes

Charadriiformes

ORDER

West-Siberian/Hueglin’s gull
(Larus heuglini)

Thayer’s gull (Larus thayeri)

Slaty-backed gull (Larus schistisagus)

LC

2268

Northern fulmar (Fulmarus glacialis)

58 ± 29

LC

VU

34 ± 18

Leach’s storm petrel
(Oceanodroma leucorhous)
82

LC

29

93 ± 10

LC

Fork-tailed storm petrel
(Oceanodroma furcata)

4

LC

LC

0±0

Pomarine jaeger
(Stercorarius pomarinus)

1

LC

LC

European Storm petrel
(Oceanodroma pelagicus)

0±0

Long-tailed jaeger
(Stercorarius longicaudus)

1384

1

ProcellariManx shearwater (Puffinus puffinus)
idae

Hydrobatidae

4±3

Great skua (Stercorarius skua)

0±0

LC

LC

Sabine’s gull (Xema sabini)

1

LC

Ross’ gull (Rhodostethia rosea)
0±0

13 ± 13

Red-legged kittiwake (Rissa brevirostris)

VU

LC

13 ± 18

Mew gull (Larus canus)
63

LC

Little tern (Sternula albifrons)
14

LC

NT

Little gull (Hydrocoloeus minutus)

11

LC

TOTAL SAMPLE IUCN
EXAMINED
STATUS
FOR PLASTICS (20152018)

LC

0±0

MEAN
FO (%)

Lesser black-backed gull (Larus fuscus)

Ivory gull (Pagophila eburnea)

Iceland gull (Larus glaucoides)

SPECIES

Stercorari- Arctic skua/ Parasitic jaeger
idae
(Stercorarius parasiticus)

Laridae

FAMILY

Increasing

Unknown

Decreasing

Increasing

Unknown

Stable

Stable

Stable

Stable

Decreasing

Stable

Unknown

Decreasing

Unknown

Decreasing

Increasing

Increasing

Decreasing

Stable

POPULATION
STATUS
2015-2018)

LC

LC

LC

LC

NT

VU

LC

VU

LC

GREENLAND
(2018)

VU

VU

EN

VU

NT

NT

FAROE
ISLANDS
(2005)

EN

VU

VU

VU

EN

VU

CR

LC

VU

LC

ICELAND
(2018)

LC

LC

NT

LC

VU

VU

NORWAY/
SVALBARD
(2015)

EN

NT

LC

NT

LC

NT

LC

NT

VU

LC

MAINLAND
NORWAY
(2015)

3

2

2

3

RUSSIAa
(2020)

CANADAb

Not listed

EN (2006)

USAc
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Sulidae

Phalacrocoracidae

FAMILY

Northern gannet (Morus bassanus)

Red-faced cormorant
(Phalacrocorax urile)
0±0

18
LC

LC

LC

Pelagic cormorant
(Phalacrocorax pelagicus)
13

LC

Great cormorant
(Phalacrocorax carbo)
10 ± 14

LC

European shag
(Phalacrocorax aristotelis)

4

LC

0±0

Double-crested cormorant
(Phalacrocorax auritus)

TOTAL SAMPLE IUCN
EXAMINED
STATUS
FOR PLASTICS (20152018)
LC

MEAN
FO (%)

Brandt’s cormorant
(Phalacrocorax penicillatus)

SPECIES

Decreasing

Decreasing

Decreasing

Increasing

Decreasing

Decreasing

POPULATION
STATUS
2015-2018)

LC

GREENLAND
(2018)

VU

RE

NT

FAROE
ISLANDS
(2005)

VU

LC

VU

ICELAND
(2018)

NORWAY/
SVALBARD
(2015)

LC

LC

LC

MAINLAND
NORWAY
(2015)

RUSSIAa
(2020)

USAc

Not at risk
Not listed
(1978)

CANADAb

c) The United States of America (USA) defines population status following the Endangered Species Program (see U.S. Fish and Wildlife Service 2020).

b) Canada defines population status following the Committee on the Status of Endangered Wildlife in Canada (COSEWIC 2018)

a) Russia defines population status following the Red Data Book, where 5 = rehabilitated and rehabilitating; 4 = uncertain status; 3 = rare, 2 = decreasing number; 1 = endangered; and 0 =
probably extinct (Procedure for Red Data Book of the Russian Federation2016 updated in 2019).

Suliformes

ORDER

Table 2. Geographic range and the availability (number of Arctic countries where seabird species are accessible for
monitoring plastic ingestion) of recommended seabird species known to have ingested plastic. Based on workshops
in Iceland and Russia in 2019 and subsequent consultation with the Conservation of Arctic Flora and Fauna Seabird
Expert Group (CBird).
RECOMMENDED SPECIES

GEOGRAPHIC RANGE

AVAILABILITY

Northern fulmar (Fulmarus glacialis)

Circumpolar

7

Black-legged kittiwake (Rissa tridactyla)

Circumpolar

7

Thick-billed murre (Uria lomvia)

Circumpolar

6

Great skua (Stercorarius skua)

Atlantic

5

Leach’s storm petrel (Oceanodroma leucorhous)

Circumpolar

4

Black guillemot (Cepphus grylle)

Circumpolar

3

Dovekie/Little auk (Alle alle)

Atlantic

3

Crested auklet (Aethia cristatella)

Pacific

1

Fork-tailed storm petrel (Oceanodroma furcata)

Pacific

1

Horned puffin (Fratercula corniculata)

Pacific

1

Least auklet (Aethia pusilla)

Pacific

1

Parakeet auklet (Aethia psittacula)

Pacific

1

Pigeon guillemot (Cepphus columba)

Pacific

1

Tufted puffin (Fratercula cirrhata)

Pacific

1
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Table 3. Seabird species accessible for plastic monitoring in the Arctic via ongoing monitoring programs (during
the breeding and/or non-breeding season). AMAP = sampled by national program in supper of the Arctic Monitoring
and Assessment Programme; B = blood; BC = bycatch; C = carcass (salvage or collection), F = feathers; G = guano;
H = harvest; P = pellets/bolus; R = regurgitation; and X = present (not sure of availability).
SPECIES
Black-legged kittiwake
(Rissa tridactyla)
Northern fulmar
(Fulmarus glacialis)
Common eider
(Somateria mollissima)
Thick-billed murre
(Uria lomvia)
Common murre
(Uria aalge)
Glaucous gull
(Larus hyperboreus)
Atlantic puffin
(Fratercula arctica)
Dovekie/Little auk
(Alle alle)
Black guillemot
(Cepphus grylle)
European shag
(Phalacrocorax aristotelis)
Great cormorant
(Phalacrocorax carbo)
King eider
(Somateria spectabilis)
Leach’s storm petrel
(Oceanodroma leucorhous)
Crested auklet
(Aethia cristatella)
Least auklet
(Aethia pusilla)
Parakeet auklet
(Aethia psittacula)
Whiskered auklet
(Aethia pygmaea)
Fork-tailed storm petrel
(Oceanodroma furcata)
Red-faced cormorant
(Phalacrocorax urile)
Tufted puffin
(Fratercula cirrhata)
Horned puffin
(Fratercula corniculata)
Glaucous-winged gull
(Larus glaucescens)
Pigeon guillemot
(Cepphus columba)
Spectacled eider
(Somateria fischeri)
Great skua
(Stercorarius skua)
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GREENLAND

FAROE
ISLANDS

ICELAND

R

C, X

B, BC, C,
F, G

BC, H

F

B, F, G, C

F, G, C

C, H

H

BC

B, F, C, G

C, H

H

BC

B, F, BC,
C,G

X

H

X

B, C, F, P

X

B, C, F, G

X

B, F

B, C, F,
G

B, C, F, G

H, BC,
AMAP

BC

H

X

H
H
AMAP

AMAP

BC

X

BC
BC

B, BC,
F, G
B, BC, C,
F, G, P
B, F, G, P,
BC

H

B, C, F,
G
B, C, F,
G
B, C, F,
G, P

X

X

P, C
X

C

C, G
C, G
F,G,H

X

USA

C

F

AMAP

CANADA

B, C, F,
G, R

X, H

H

RUSSIA

B, F, R,
C, G
BC, R, C,
F, B, G

B, F, H, D

H

NORWAY

F, B

H
C, R

R

C, X

R, H

C, X

R

C, X

R

X

R
R
R

C
C
G, P
X
B, F, G
C, H, P

P

B, C, F, P

P
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Table 4. Summary of species suggested for monitoring plastic pollution in seabirds in the pan-Arctic region including
potential sampling methods for each species.
POTENTIAL SAMPLING
METHODS

MONITORING TYPE

SCALE OF MONITORING

RECOMMENDED SPECIES

Plastic ingestion

pan-Arctic, spatial and
temporal trends

Northern fulmar
(Fulmarus glacialis)
Thick-billed murre
(Uria lomvia)
Black-legged kittiwake
(Rissa tridactyla)

Bycatch, harvest, lethal
sample, opportunistic
carcass collection,
pellets/bolus and/or
regurgitation

Nest incorporation and/
or entanglement

pan-Arctic, spatial and
temporal trends

Black-legged kittiwake
Northern gannet (Morus
bassanus)

Nest monitoring

Microplastics and
plastic-associated
contaminants

pan-Arctic, spatial and
temporal trends

Northern fulmars
Thick-billed murres
Black-legged kittiwakes
Common eider
(Somateria mollissima)

Bycatch, harvest, lethal
sample and/or opportunistic carcass collection

Point sources of plastic
pollution

Local, temporal trends

Glaucous Gull
(Larus hyperboreus)
Great skua
(Stercorarius skua)

Pellets/bolus and/or
opportunistic carcass
collection

Species of high conservation concern

pan-Arctic, spatial and
temporal trends

Leach’s storm-petrel
(Oceanodroma leucorhous)

Emetics, regurgitation,
stomach flushing and/
or opportunistic carcass
collection
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