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Abstract

Seabirds have been the messengers of marine plastics pollution since the 1950s, not long after
plastics began to be commercially manufactured. In the decades since, a number of multilateral
agreements have emerged to address marine plastics pollution that have been informed by
research and monitoring on plastic ingestion in seabirds. Seabirds continue to serve as effective
monitors for plastics pollution in the oceans, and increasingly of the chemical contamination
from the marine environment as plastic additives and chemicals can adsorb and accumulate in
seabirds’ tissues. Plastics pollution has far-reaching ecological impacts, but the motivation for
addressing the issue has escalated rapidly at the international level. Seabirds are also the most
globally threatened group of birds and require concerted conservation actions to mitigate
population declines from multiple pressures. However, most policy mechanisms focus on the
monitoring andmitigation of anthropogenically induced stressors, using seabird data, and often
fail to include mechanisms to conserve the messengers. In this review, we discuss how research
on the impacts of plastics on seabirds is used to inform policy and highlight the competing
interests of monitoring and conservation that emerge from this approach. Finally, we discuss
policy opportunities to ensure seabirds can continue to be the indicators of ocean health and
simultaneously achieve conservation goals.

Impact statement

Seabirds are indicators of ecosystem health, serving as the messengers of plastics pollution in the
world’s oceans. Reports of plastic ingestion in seabirds have thus informed policy responses and
helped track the impacts of such policies. Yet, seabirds are the most threatened group of birds
globally. Therefore, policy priorities for addressing plastics pollution using seabirds as indicators
must also balance with conservation priorities to ensure we protect the messengers of ocean
health.

Introduction

Plastics pollution is ubiquitous in marine and freshwater ecosystems and projected to increase
dramatically if measures are not taken to reduce production and improve waste management
(Law, 2017; Borrelle et al., 2020). Marine animals from the smallest plankton to the largest whales
ingest plastic, become entangled, and are impacted by plastic associated chemicals (Bucci et al.,
2020). Seabird plastic ingestion studies have played a critical role in the development of regional
and global policy responses to marine plastics pollution by demonstrating the biological impact
onmarine wildlife (van Franeker et al., 2011). Increasingly, monitoring of nest debris and plastic-
associated chemical contamination in seabirds is informing national and international policy
responses (e.g., Bond et al., 2012; Provencher et al., 2022). Thus, seabirds have served as the
messengers of marine plastics pollution (we use the plural of plastic here to describe both the
physical and chemical components of plasticmaterials) since the late 1950s, not long after plastics
began to be commercially manufactured (Provencher et al., 2019).

There are many existing regional and international agreements (legally binding and non-
binding) related to the protection of marine ecosystems and biodiversity or addressing the
problems of plastics pollution, many of which have been informed by seabird research (Table 1).
For example, the impacts of plastics on biological diversity, notably seabirds, were officially
recognized in the Convention on Biological Diversity (CBD) in 2005 by the Subsidiary Body on
Scientific, Technical and Technological Advice (CBD, 2005). Other policy mechanisms have
identified seabirds as important messengers of anthropogenic activity. For example, the Stock-
holm Convention has identified seabirds (and other transient species) as long-range transport
mechanisms for persistent contaminants (Idowu et al., 2013). All of these policy mechanisms
have different aims, geographic remits, and links to plastics pollution or seabirds (Figure 1), and
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to add further complexity, different sets of countries have signed
each agreement (Linnebjerg et al., 2021).

A prominent example of seabird plastic ingestion influencing
policy is the Northern Fulmar (Fulmarus glacialis), which is speci-
fied as a monitoring tool for the 1992 OSPAR Convention,
replacing the Oslo and Paris Conventions, for the protection of
the marine environment of the northeast Atlantic. As an indicator
of environmental quality, OSPAR has monitored the amount of
plastic in the stomachs of Northern Fulmars in the North Sea since
1996 (Box 1; van Franeker et al., 2011; van Franeker and Law, 2015).
It is important to note that this target had no substantiated evidence
of relating to individual or population health. Rather, it represented
an arbitrary target considered to reflect “acceptable ecological
quality” as used in policy documents (Provencher et al., 2017).

Seabirds can also inform harmonized monitoring of plastics
within geographic areas that could ultimately lead to policy
responses on a national level. A notable example of this is the Litter
and Microplastics Monitoring Guidelines published by the Arctic
Monitoring andAssessment Program (AMAP), which lists seabirds
as a priority monitoring species (AMAP, 2021). AMAP is one of six
Working Groups of the Arctic Council with directives from the
Ministers of the Arctic Council and supports international pro-
cesses that address regional and global efforts to combat climate
change and contaminants (Box 2; AMAP, 2021).

Plastics pollution and its complex suite of chemicals

Plastics are inherently complex, ranging in morphology, polymer
composition, and chemical mixture (Rochman et al., 2019). There-
fore, moving beyond ingestion studies of macro-plastics (plastic
particles >5 mm following the descriptions in Rochman et al.,
2019), research efforts to inform policy are increasingly being
directed toward understanding the fate, transport, and toxicity of
plastics through seabird research (Provencher et al., 2020). This is
because seabirds play an important role at the interface of the

aquatic and terrestrial environment by transporting nutrients and
pollutants (Jones et al., 2022). For over two decades, seabirds have
been identified as long-range transport mechanisms for contamin-
ants (Blais, 2005; Idowu et al., 2013) and thereby serve as important
indicators for both the fate and transport of emerging contaminants
of concern including plastics (e.g., Mallory and Braune, 2012;
Provencher et al., 2018; Bourdages et al., 2020). Plastic-associated
chemicals have been identified in seabirds (e.g., Neumann et al.,
2021; Provencher et al., 2022), but understanding the biological and
ecological impacts of more than 10,000 chemicals that have been
associated with plastics pollution (Wiesinger et al., 2021), and then
translating this information into meaningful policy responses is no
easy task.

Plastic additives are complex and do not fit into a single category
or class of chemicals. Not only do these compounds range in
function (e.g., plasticizers, flame retardants, surfactants) and chem-
ical structure, but they also range in their affiliation with plastic
polymers, and their ecological impacts (Hamilton et al., 2022).
Understanding the role plastics have in transporting these chem-
icals depends on a variety of physio-chemical factors and evaluating
the fate and effects of plastic additives in the environment and
wildlife is in its infancy. Seabirds are already providing important
insights on the fate and effects of plastic-associated chemicals
including additives. For example, Neumann et al. (2021) identified
decabromodiphenyl ether (BDE-209; an unregulated flame retard-
ant) in liver tissues of Northern Fulmars that had plastics in their
gastrointestinal tract, while BDE-209 was absent in individuals with
plastic-free stomachs suggesting chemical transfer via plastic inges-
tion (Neumann et al., 2021). Conversely, in a recent study con-
ducted by Collard et al. (2022), plastic ingestion was observed in
95% of sampledNorthern Fulmar chicks. Polybrominated diphenyl
ethers (PBDEs) and dechloranes were detected in the livers of all
sampled birds; however, there was no relationship found between
ingested plastic and chemical burden within the liver (Collard et al.,
2022).While PBDEs and dechloranes are used in plastics, they have
a wide variety of uses; thus, understanding the relationship between
plastics and associated chemical contaminants in wildlife is com-
plex (Hamilton et al., 2022).

Specimen banks have been regarded as critically important tools
in monitoring contaminants over time, specifically in seabirds

Box 1. OSPAR

OSPAR is “themechanism bywhich 15 governments and the European Union
cooperate to protect the marine environment of the North-East Atlantic,”
which includes maritime and land-based sources of marine pollution.
Initially, working groups of the International Council for the Exploration of
the Sea (ICES) and OSPAR worded a preliminary target definition of the
proposed Ecological Quality Objective (EcoQO) as plastics in stomachs of
seabirds as “the proportion of birds having 10 ormore pieces of plastic in the
stomach should be below 2%.”As evidence grew, ICES and OSPAR agreed
that the target definition would be more ecologically meaningful in terms of
plastic if mass was used instead of number of particles. This was informed by
Dutch studies which indicated that in terms of mass of plastics in Northern
Fulmar stomachs, the critical level of 10 particles is equal to about 0.1 g of
plastic (Van Franeker and Meijboom, 2002). These studies also showed that
nearly every Northern Fulmar in the southern part of North Sea had plastics
in the proventriculus–averaging a mass of 0.6 g per bird (about 0.1% of the
species’ average body mass) between 1996 and 2000. Consequently, the
policy aim of <2% of Northern Fulmars exceeding 0.1 g of plastic became
unrealistic for the foreseeable future. Advice was followed to redefine the
less strict target to <10% of beached Northern Fulmars exceeding 0.1 g of
plastic in the stomach, which still lacked ecologically relevant evidence. This
proportion of 10% of birds was taken from the definition for the EcoQO on oil
pollution, which used Common Murre (Uria aalge) as an indicator species
with an EcoQO target of <10% of beached guillemots having oil in their
feathers (OSPAR, 2010). In 2019, 56% of stranded fulmars collected from
beaches around the North Sea exceeded the 0.1 g of plastic in their stomachs
(https://www.ospar.org/work-areas/eiha/marine-litter/assessment-of-
marine-litter/plastic-particles-in-fulmars).

Box 2. AMAP

In 2017, the AMAP released an assessment of chemicals of emerging Arctic
concern, which classified plastics pollution as a contaminant of concern in
the Arctic. In 2019, the Arctic Council’s working group, Protection of the Arctic
Marine Environment (PAME), conducted a desktop study on marine litter
including microplastics in the Arctic – the first Arctic-wide evaluation of the
occurrence and impacts of plastics pollution across the circumpolar North
(PAME, 2019). PAME’s desktop study highlighted the need to create a regional
action plan on marine litter in the Arctic. AMAP’s Expert Group on Litter and
Microplastics (LMEG) was formed in 2019 with the aim to: (a) design a
monitoring program of plastics pollution in the Arctic environment;
(b) develop necessary guidelines for this monitoring program; and (c) create
recommendation frameworks and identify areas of future research priorities.
AMAP-LMEG has since released the Litter and Microplastics Monitoring Plan,
which provides recommendations that will lead to a coordinated,
ecosystem-scale pan-Arctic monitoring program that will collect information
for future assessments. This monitoring program includes monitoring levels
of plastic ingestion in seabirds over time. Following this, LMEG also released
the Litter and Microplastics Monitoring Guidelines, a technical document
that reviews litter and microplastics protocols and research techniques
paired with technical recommendations for harmonized monitoring efforts
across the Arctic.
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Table 1. Table describing international policy agreements on pollution, biodiversity, or conservation; the monitoring requirements for each international policy as it relates to seabirds; and opportunities within each
policy to bridge conservation and monitoring efforts moving forward

Agreement; Focus Description Seabird indicators and opportunities

OSPAR Convention, 1998 - Pollution Contained within the OSPAR Convention (replacing Oslo and Paris Conventions)
are a series of Annexes related to plastics pollution:

• Annex I: Prevention and elimination of pollution from land-based sources;
• Annex II: Prevention and elimination of pollution by dumping or incineration;
• Annex III: Prevention and elimination of pollution from offshore sources;
• Annex IV: Assessment of the quality of the marine environment.

Annexes are assessed partly by the ingestion rates of Northern Fulmars in the
OSPAR area.

Arctic Monitoring and Assessment Program
(AMAP), 1991 - Biodiversity

AMAP is a working group of the Arctic Council is mandated to:
• “monitor and assess the status of the Arctic region with respect to pollution
and climate change issues”.

• “document levels and trends, pathways and processes, and effects on eco-
systems and humans, and propose actions to reduce associated threats for
consideration by governments”.

• “produce sound science-based, policy-relevant assessments and public out-
reach products to inform policy and decision-making processes”.

Seabirds are suggested as a primary monitoring indicator of plastics pollution
within AMAP-LMEG guidelines for harmonized and coordinated monitoring
efforts across the circumpolar North. Opportunity: Coordinating the
methodology used in the OSPAR programmewould create a standardized and
comparable monitoring network for much of the higher latitudes of the
Northern Hemisphere.

The Agreement for the Conservation of
Albatrosses and Petrels (ACAP), 2004 -
Conservation

ACAP is a multilateral agreement to “conserve albatrosses and petrels by
coordinating international activities to mitigate threats to their populations,”
which specifically notes in article 3.3 “Pollutants and marine debris” that “[T]
he Parties shall take appropriatemeasures, within environmental conventions
and by other means, to minimize the discharge from land-based sources and
from vessels, of pollutants which may have an adverse effect on albatrosses
and petrels either on land or at sea”.

Opportunity: Species assessments include collation of population trends and
threat information on plastics pollution derived from the scientific literature.
Support ACAP Parties tocoordinate monitoring programmes, such as
OSPAR and AMAP.

United Nations Convention on the Law of the
Sea (UNCLOS), 1982 - Pollution

UNCLOS is a binding international instrument that requires parties to adopt
regulations and laws to control pollution of the marine environment from
land-based sources of pollution as well as pollution from ships. There are two
specific legally binding instruments within the framework of UNCLOS relating
to plastics pollution:

• The International Convention for the Prevention of Pollution from Ships
(MARPOL) 1973, amended in 1978. Annex V of MARPOL, which came into force
in 2013, addresses ocean-based litter pollution and prohibits the discharge of
all plastics from ships; and

• The London Convention, or Convention on the Prevention of Marine Pollution
by Dumping of Wastes and Other Matter 1972, adopted in 1975, which “pro-
motes the control of marine pollution from human activities and aims at
preventing pollution of the ocean from the dumping of wastes and other
matter”.

Currently, MARPOL has no monitoring requirements
Opportunity: Existing or expanded monitoring programmes, such as OSPAR,

utilizingwide-rangingmigratory species and tracking, as described in themain
text, to inform adherence of Parties toMARPOL as the ability to trace the origin
of plastic materials improves (Morales-Caselles et al., 2021).

United Nations Environment Program (UNEP)
- Plastics pollution

Global Programme of Action for the Protection of the Marine Environment from
Land-Based Activities (GPA), 1995

A voluntary, action-oriented programme aimed at reducing the degradation of
the marine environment from land-based activities

Global Partnership on Marine Litter (GPML), 2012
The GPA was followed by the GPML, which provided actionable

recommendations to members to address plastics pollution.

Currently no monitoring requirements, however one of the original key policy
recommendations was the “harmonization and standardization of government
monitoring frameworks”

Opportunity: Replicate the seabird plastic ingestion monitoring of OSPAR and
AMAP monitoring guidelines other species and regions. For example, BirdLife
International are evaluating if Wedge-tailed Shearwaters (Ardenna pacifica)
may be an appropriate indicator species for the pan-tropical Pacific.

The Honolulu Strategy, 2011 - Plastics
pollution

This voluntary strategy provides a global framework for a collaborative effort to
“reduce the ecological, human health, and economic impacts ofmarine debris
worldwide”.

Currently, there are no monitoring requirements
Opportunity: Establish regionally standardized monitoring network, including

the OSPAR, AMAP programs, that are extended to cover all ocean basins.

(Continued)
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Table 1. (Continued)

Agreement; Focus Description Seabird indicators and opportunities

2030 Agenda for Sustainable Development,
Sustainable Development Goals (SDGs),
2015 - Plastics pollution

Goal 12: Responsible Consumption and Production relates to the production of
disposable plastic products. Goal 14: Life Under Water specifically states the
need to combat marine pollution of all kinds.

Currently, there are no monitoring requirements
Opportunity: Existing or expanded monitoring programmes, such as OSPAR and

AMAP, utilizing wide-ranging migratory species and tracking, as described in
the main text, to inform progress toward achieving Goals 12 and 14.

The Basel (1989), The Rotterdam (2004), and
the Stockholm (2004) Conventions -
Chemical and plastic associated chemicals

BASEL: A binding international agreement for the Control of Transboundary
Movements of Hazardous Waste and their Disposal. Plastic waste-related
amendments include Annex VIII-A3210 which defines plastics that are
hazardous; Annex IX – B3011, which clarifies the types of plastic wastes
presumed to not be hazardous; and the entry Y48 into Annex II which places all
plastic wastes subject to prior informed consent unless they fall within this
category.

ROTTERDAM: A legally binding agreement created to protect human health and
the environment from the harmful impacts of the trade of certain chemicals.

STOCKHOLM: A legally binding international agreement that aims to protect
human health and the environment by banning some of the most toxic
chemicals (persistent organic pollutants [POPs]).

Basel and Rotterdam: Currently there are no monitoring requirements
Stockholm: Harmonized organization framework for collection of comparable

monitoring data through the Global Monitoring Plan. Regional groups are
responsible for data and information collection, capacity enhancement, and
regional monitoring reports

Opportunity: Coordinating seabird monitoring programs, such as OSPAR, to
monitor relevant plastic-related associated chemicals in seabird tissues
across all ocean basins.

Convention on Migratory Species (CMS), 1979
- Conservation

The CMS is a binding multilateral agreement on the “conservation and
sustainable use of migratory animals and their habitats, focus on species that
cross national boundaries”.

There is a specific reference to the “prevention, reduction or control of the
release into the habitat of themigratory species of substances harmful to that
migratory species; Which includes some seabirds that may be vulnerable to
plastic on appendix I”.

Opportunity: Existing or expanded monitoring programmes, such as OSPAR and
AMAP, utilizing wide-ranging migratory species and tracking, as described in
the main text, to inform progress toward CMS goals for highly migratory
seabird species.

Convention on Biological Diversity -
Conservation

The CBD is a binding international instrument for the “conservation of biological
diversity, the sustainable use of its components and the fair and equitable
sharing of the benefits arising out the utilization of genetic resources”.

Article 7 outlines the obligations of contracting parties to (a) identify
components of biological diversity important for its conservation and
sustainable use; (b) monitor the components of biological diversity through
sampling and other methods; (c) identifying activities that have or will have
adverse effects on biological diversity and monitor accordingly. Opportunity:
Include language on balancing monitoring with conservation priorities.

Commission for the Conservation of Antarctic
Marine Living Resources (CCAMLR), 1982 -
Conservation

The CCAMLR Marine Debris program established in 1989 monitors debris at 15
sites with beach surveys, debris associated with seabird colonies,
entanglements of marine mammals, and hydrocarbon soiling of mammals
and seabirds.

Opportunity: Seabird plastic ingestion and/or entanglement monitoring based
on standards of the OSPAR monitoring program to detect trends in plastics
pollution in Antarctic/sub-Antarctic waters.

The Plastics Treaty - Plastics pollution Member states of the UNmandated the establishment of a legally binding treaty
that addresses plastics across the full lifecycle, from production to waste
management in an effort to reduce plastic contamination of the environment
and impacts to human health.

There are opportunities during the negotiations of the Plastics treaty to establish
a network of environmental indicator species, such as seabirds, to assess the
impacts of policy actions aimed at reducing plastics pollution at the ocean
basin scale. In doing so, this network would harmonize data collection on
seabird plastic ingestion and entanglement to inform the agreements listed
above and inform assessments on the population impacts to affected species.

Biodiversity Beyond National Jurisdictions
(BBNJ)* - Marine conservation and resource
use

An international legally binding instrument under UNCLOS on the conservation
and sustainable use of marine biological diversity of areas beyond national
jurisdiction.

Opportunities: Establish a network of environmental indicator species, such as
seabirds, to assess the impacts of plastics pollution on biodiversity at the
ocean basin scale under the Environmental Impact Assessment provision.
Such a programme would harmonize data collection on seabird plastic
ingestion and entanglement to inform the agreements listed above and
inform assessments on the population impacts to affected species.

Note: Gray boxes indicate international policies that are currently under international negotiations. *Agreed, yet to be ratified.
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(Mallory and Braune, 2012) and have been successfully used to
retrospectively evaluate historical trends of additives in the envir-
onment (Provencher et al., 2022). Additionally, several studies have
explored the use of plastic additive concentrations in tissues like
preen oil to investigate plastic ingestion levels (e.g., Hardesty et al.,
2015; Yamashita et al., 2021). However, it is important to note that
not all seabirds are equally susceptible to plastics pollution nor are
all seabirds tolerant of handling for nonlethal sampling (e.g., lavage,
blood sampling). Such studies of chemical contaminants in seabirds
inform policy interventions such as the Basel Convention, Stock-
holm Convention, and the Rotterdam Convention, which together
provide legally binding mechanisms for the control of the trans-
boundary movement, and safe disposal and management of haz-
ardous substances. Decisions by UN member states in 2019 added
plastic-related additives to the Stockholm Convention and the
Rotterdam Convention, which provided greater legal power to
countries to control the import of harmful plastics and their addi-
tives (BRS, 2019). Additionally, in 2021, the StockholmConvention
considered UV-stabilizer 328, opening the door to plastic additive
regulations (Stockholm Convention, 2021). However, this also
underscores the need to better understand the fate, transport, and
ecological effects of thousands of different plastic additives. We
recommend the use of standardized methodology, specimen banks,
nonlethal sampling in seabird research, and the addition of plastic
additives to inform policy mechanisms targeting chemical contam-
inants.

The plastic monitoring-seabird nexus

Plastics ingestion monitoring protocols for seabirds, such as those
developed through OSPAR, or new protocols based on chemical
contamination trends are an important tool for measuring the
impact of policy responses to address plastics pollution
(Provencher et al., 2020). They can serve as a standardized
approach to monitoring plastics contamination (including
plastics-associated chemicals) in other ocean basins to form a
cohesive global picture of the issue and how it changes over time
in response to policy implementation. However, monitoring pro-
grams such as the OSPAR EcoQO target of <10% of Northern
Fulmars with <0.1 g of plastic in their stomachs, or similar targets
that are developed for other species are an arbitrary value that
provides little to no information about the impact to individuals
or populations (Box 1) to inform a species-specific conservation
response to meet the obligations of biodiversity focused inter-
national agreements and goals (e.g., Table 1).

Scientific and policy needs (e.g., monitoring) must also balance
with conservation priorities (Mallory et al., 2010; Avery-Gomm
et al., 2018). Seabirds are the most threatened group of birds
globally (Dias et al., 2019). While only 25 of the 369 seabird species
have “garbage and solid waste” listed as a threat (Birdlife Inter-
national, 2022), many more species are impacted by plastic debris.
Of the groups of seabirds, Procellariiformes (albatrosses, petrels,
and shearwaters) are the most sensitive to plastic ingestion
(Provencher et al., 2017). Seabirds are found in every ocean, but
are not evenly distributed (Jenkins andVanHoutan, 2016), and can
travel vast distances, crossing international boundaries during
foraging trips and migratory journeys (Beal et al., 2021). Likewise,
marine plastics are foundworldwide and distributed unevenly, with
some regions accumulating much more plastic than others, such as
mid-ocean gyres and some coastal areas (Eriksen et al., 2014; van
Sebille et al., 2015). Plastics can remain close to the source but can

also be transported large distances in ocean currents such that the
highly polluted areas are not necessarily sources (Maximenko et al.,
2012). For example, remote islands such as Midway Atoll, Hawai’i
are not near sources of plastic, but the breeding seabirds including
the Laysan Albatross (Phoebastria immutabilis) and Bonin Petrel
(Pterodroma hypoleuca) from Midway Atoll ingest debris that
collects in the Northeast Pacific gyre (Lavers and Bond, 2016).
Tracking data shows that many seabird species spend large
amounts of time on the high seas (Beal et al., 2021), where plastic
can accumulate in mid-ocean gyres (van Sebille et al., 2015),
especially seabirds that migrate long distances.

Many seabirds that are vulnerable to plastics ingestion are also
migratory and threatened, potentially qualifying them to be listed in
the appendices of the Convention on the Conservation of Migratory
Species of Wild Animals Convention (CMS). This presents an
opportunity to address both plastic ingestion and conservation of
migratory seabirds through monitoring and policy mechanisms.
While migratory seabirds have been widely studied, both from a
plastics and migratory perspective, the current published tracking
data does not include many threatened species that are expected to
use areas containing high densities of floating plastic (Bernard et al.,
2021). While there has been assessment of seabird maps overlaid
with plastic ingestion, for example, Wilcox et al. (2015), there
remains a data gap in bridging seabird movement and plastics
ingestion data. By integrating tracking and plastic ingestion data,
we could better pinpoint the locations where seabirds, especially
threatened species, are ingesting plastic (Table 1). Thereby providing
a key opportunity for increasing protection through international
and regionalmechanisms, such as site-based protections. In this way,
species that are valuable in their own right but also as indicators for
plastics pollution and environmental change can be protected.

Ultimately, monitoring programs that inform contaminant and
conservation priorities, independently, are in place at national and
regional levels. Moving forward there are opportunities to better
integrate conservation of seabirds (and other marine wildlife) into
policymechanisms aiming to address plastics pollution (Linnebjerg
et al., 2021), both as indicators of progress and recipients of
conservation protection on a local and regional level.

Opportunities

A 2020 Horizon Scan of 115 experts found across all respondents
and geographic regions (29 countries) that one of the top-five
ranked priorities (by urgency) for informing policy development
to address plastics pollution was implementing the “best standard-
ized approaches for sampling and reporting of ingested plastics”
(Provencher et al., 2020). These standardized approaches already
exist (Provencher et al., 2017) and can be deployed for monitoring
progress on existing mechanisms and embedded in proposed
mechanisms, such as the legally binding instrument on plastics
pollution (UNEP, 2022), hereafter referred to as the Plastics Treaty
(Table 1 and Figure 1). However, ingestion and chemical monitor-
ing protocols are not always feasible, logistically, and financially
over the long term, particularly for the remote breeding sites of
seabirds. Therefore, alternative approaches to monitoring the
impacts of plastics on seabirds, and temporal trends of environ-
mental contamination are emerging.

Some seabird species, including gannets, boobies, cormorants,
and gulls, gather plastic material to make nests, which can lead to
injury and death through entanglement (Votier et al., 2011).
Evidence of spatial variance in the amount of plastic in nests is
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growing, and consequently, plastic debris in seabird nests can serve
as an indicator for plastics in the environment (e.g., Lavers et al.,
2014; Ryan, 2020). Nest monitoring can be quicker, easier, cheaper
and cause less disturbance to birds than diet sampling, because
observations can be made at a distance and nests can be physically
sampled after the end of the breeding season (Bond et al., 2012;
Luna-Jorquera et al., 2019; Ryan, 2020). The quality and reliability
of remote sensing data from satellites continue to improve dramat-
ically, to the extent that population censuses of ground-nesting
birds are possible using community scientists to identify nests (e.g.,
penguinwatch.org). Here, community science offers an opportun-
ity to fill gaps as photos can be taken by nonexperts and can show
debris missed by visual observations (Ryan, 2020, birdsanddebris.
com) making it a suitable and accessible tool for community-based
science. However, work is needed to standardize monitoring meth-
odology and reporting practices so that this information can be
used to assess progress of regional and international policies. Suit-
able widespread indicator species have been identified, that is,
northern gannets in the North Atlantic (O’Hanlon et al., 2019)
and brown boobies in the Pacific andAtlantic oceans (Tavares et al.,
2016). Nest debris surveys would be complementary but not dir-
ectly comparable with results from ingestion studies for informing
seabird conservation and measuring plastic in marine areas sur-
rounding nest sites. Although not yet integrated into policy frame-
works that we are aware of, there are opportunities to use this
growing body of evidence to inform policy alongside ingestion
(Table 1).

International agreements can be used to coordinate efforts to
monitor levels and distribution of marine plastics pollution and
track its impact on marine species. Using standardized protocols,
that have already been developed for regionalmonitoring programs

(e.g., OSPAR), agreements can provide the framework for conduct-
ing research, collecting data, and sharing information (Table 1).
This information can be used to measure plastics pollution con-
tamination and develop and implement effective conservation and
management strategies for marine species and their habitats
(Avery-Gomm et al., 2018). For example, the Biodiversity Beyond
National Jurisdiction (BBNJ) Agreement is currently being nego-
tiated by the international community, and monitoring is con-
sidered in the draft text of Article 13 of the BBNJ Treaty. Here
lies an opportunity to establish a network of environmental indi-
cator species to assess the impacts of plastics pollution on biodiver-
sity at the ocean basin scale, while simultaneously informing
conservation practitioners of at-risk species to prioritize land-based
actions to offset population-level impacts (Table 1; Avery-Gomm
et al., 2018). Likewise, a negotiating committee has been established
to develop an international Plastics Treaty. This is another oppor-
tunity to establish a network of environmental indicator species,
such as seabirds, to assess the impacts of policy actions aimed at
reducing plastics pollution at the ocean basin scale (Table 1). A
coordinated and standardized monitoring approach to assessing
the impacts of plastics on marine species, and changes in plastics
pollution contamination in response to international policy action
serves to reduce redundancy in scientific knowledge generation that
informs policy and conserves vulnerable wildlife (Linnebjerg et al.,
2021).

Monitoring seabirds for plastic ingestion and associated chem-
ical contaminants can inform future research priorities, which in
turn inform robust management policies and regulations on a local,
regional, and international level. While international and regional
agreements provide a framework for addressing the issue of plastics
pollution, they also need to integrate conservation measures for

Figure 1.Multilateral policy mechanisms are outlined in Table 1 according to their scale (global or regional) and focus (nested, e.g., a focus on pollution including plastics, or only
plastics). Dashed lines indicate policy mechanisms that are still under negotiation or yet to be ratified, but represent opportunities for the inclusion of seabirds or plastics within
monitoring and conservation provisions. ACAP, the Agreement on the Conservation of Albatrosses and Petrels; BBNJ, Biological Diversity of Areas Beyond National Jurisdiction;
CBD, Convention on Biological Diversity; CCAMLR, Commission for the Conservation of Antarctic Marine Living Resources; CMS, Convention on the Conservation ofMigratory Species
of Wild Animals; GPA, Global Programme of Action for the Protection of the Marine Environment from Land-Based Activities; GPML, Global Partnership on Marine Litter; OSPAR,
Convention for the Protection of the Marine Environment of the North-East Atlantic; SDG, Sustainable Development Goals; UNCLOS, United Nations Convention on the Law of the
Sea; UNEP, United National Environment Programme.
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indicator species. Opportunities already exist through regional and
international policymechanisms that could foster a holistic practice
in monitoring for conservation, such as coordinated, multi-state
monitoring programs currently in existence, like OSPAR. These
mechanisms can embed actions, such as invasive species manage-
ment, and strengthening fisheries bycatch mitigation measures
(Avery-Gomm et al., 2018) to ensure the persistence of seabird
populations that we rely on to inform us of plastics pollution in the
marine environment. Such actions will be of benefit to the most
vulnerable of seabirds, as well as keeping common species common.
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