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Plastic pollution threatens many organisms around the world. In particular, the northern fulmar, Fulmarus gla-
cialis, is known to ingest high quantities of plastics. Since data are sparse in the Eurasian Arctic, we investigated
plastic burdens in the stomachs of fulmar fledglings from Kongsfjorden, Svalbard. Fifteen birds were collected
and only particles larger than 1 mm were extracted, characterised and analysed with Fourier Transform InfraRed
spectroscopy. All birds ingested plastic. In total, 683 plastic particles were found, with an average of 46 + 40 SD
items per bird. The most common shape, colour and polymer were hard fragment, white, and polyethylene,

respectively. Microplastics (< 5 mm) were slightly more represented than mesoplastics (> 5 mm). This study
confirms high numbers of ingested plastics in fulmar fledglings from Svalbard and suggests that fulmar fledglings
may be suitable for temporal monitoring of plastic pollution, avoiding potential biases caused by age composition

or breeding state.

1. Introduction

Plastic pollutes the world including pristine regions, such as the
Arctic (e.g. Bergmann et al., 2022; Halsband and Herzke, 2019). For
instance, Arctic organisms interact with plastic through ingestion and all
groups of marine fauna are impacted (Collard and Ask, 2021). The
northern fulmar Fulmarus glacialis, hereafter called fulmar, is known to
ingest plastics and has been used a bioindicator of plastics in the North
Sea region since 2002 (OSPAR Commission, 2008). Its feeding strategy
(i.e. opportunistic) and its physiology (i.e. gut morphology) have been
suggested as reasons for high plastic ingestion (van Franeker et al., 2011;
Furness, 1985). Because of these high ingestion rates, the retention time
of plastic particles is important and can lead to possible biological im-
pacts such as reduction of available gut volume and gut obstruction,
leading to loss of weight and poor body condition (e.g. Wilcox et al.,
2015; Nania and Shugart, 2021).

Fulmars are now part of a defined biomonitoring program in two
regions: the North Sea (OSPAR Commission, 2008; van Franeker et al.,

2011) and Iceland (Snaporsson, 2021). The Convention for the Protec-
tion of the Marine Environment of the North-East Atlantic (Oslo-Paris
Convention, OSPAR) have defined specific guidelines on the collection
of samples, the extraction of plastic pieces from fulmar stomachs, and
the expression of the results (OSPAR Commission, 2008; OSPAR, 2010).
The OSPAR Convention also proposes an ecological quality objective
(EcoQO) as follows: “There should be less than 10% of northern fulmars
(Fulmarus glacialis) having more than 0.1 g of plastic particles in the stomach
of 50-100 beach-washed fulmars from each of 4-5 areas of the North Sea
over a period of at least five years” (OSPAR Commission, 2008). The Arctic
Monitoring and Assessment Programme (AMAP) have recently defined
the fulmar as a Priority 1 recommendation for monitoring (Arctic
Monitoring and Assessment Programme (AMAP), 2021). Consequently,
the fulmar has been studied across many regions of the world, including
the Arctic. However, age composition and sampling season are
increasingly considered as potential factors undermining comparability
among these incidental studies with small sample sizes (Collard et al.,
2022a; Trevail et al., 2015; Tulatz et al., 2023; van Franeker, 1985).
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Fledglings are a specific age class of young birds which have left the nest
(around 50-53 days old (Mallory et al., 2020)) and start to feed them-
selves at sea. During those few days, the fledglings are flightless due to
their weight which can reach up to 115 % of an average adult weight
(Mallory et al., 2020) as well as their premature enzyme system which is
not yet fully developed (Bishop et al., 1995). Fledglings are thus an easy
candidate for biomonitoring as they are easy to catch during that short
period of time. Also, the ingested plastics come from the parents and
represent a specific foraging area, unless large pieces are stuck in the
first part of the stomach, the proventriculus, from before the breeding
season. Finally, since plastic burdens in fulmars are influenced by the
seasons (Mallory, 2008; Tulatz et al., 2023; van Franeker et al., 2022),
this bias impairing comparability is therefore avoided as fledglings are
only found at a specific time of year.

Arctic seabirds undergo multiple stressors, including climate change
and chemical pollution. The western coast of the Svalbard archipelago is
of particular interest because of the influence of the West Spitsbergen
Current. This current brings warm Atlantic waters (Polyakov et al.,
2005) to the northwest of Svalbard, and to several fjords, including
Kongsfjorden. Kongsfjorden transitions from an ice-covered Arctic fjord
in winter, towards an Atlantic ice-free fjord in summer months
(“Atlantification”, Hop et al., 2002; Hegseth and Sundfjord, 2008; De
Rovere et al., 2022). These changes in water masses will cause responses
in organisms living in this region, including seabirds. An atlantification
of Kongsfjorden will lead to a depletion in sea ice cover and progressive
disappearance of glaciers, causing a decrease in large, lipid-rich preys
that seabirds prey on (Hop et al., 2002). In the case of the fulmar,
because of its opportunistic feeding strategy, this change in water
masses could lead to a higher ingestion of plastic, making the colonies on
the western coast of Svalbard possibly more exposed to plastics.

In this baseline study, our objective was to quantify plastic burdens
in fulmar fledglings from Kongsfjorden in order to confirm the high
numbers previously observed by Tulatz et al. (2023). We aimed to
provide more insight towards the possible use of fulmar fledglings for
biomonitoring of plastic pollution. More data are needed to confirm the
high levels before biomonitoring can be recommended.

2. Methods
2.1. Sampling

In September 2021, 15 fulmar fledglings were collected with a D-
shaped landing net at sea in Kongsfjorden, Svalbard (78°55'N, 11°56'E).
Fledglings were sacrificed with cervical dislocation. This study is part of
a project registered in ‘Research in Svalbard’ (RiS ID: 11750). The birds
were frozen at —20 °C and sent to Tromsg, Norway, for further
dissections.

The birds were dissected according to standardized protocols
(OSPAR Commission, 2015; van Franeker, 2004) adapted for the needs
of this study. Birds were sexed, weighed and measurements of tarsus,
wing, gonys, and both head and bill together were taken (Table S1). All
birds were fledglings and therefore around 50 to 60 days old. Both the
proventriculus and the gizzard were scrutinized for lesions or punctures
during dissection but could not be evidenced. In a break from protocol,
the Bursa of Fabricius aspect was not reported.

2.2. Plastic extraction

Plastic extraction was performed according to Collard et al. (2022a)
except that both the proventriculus and gizzard, hereafter called
‘stomach’, of each bird were extracted, and pooled in the same glass
beaker. A 10 % KOH solution was added with a volume ratio of 1:3
(tissue:KOH) (Rochman et al., 2015). The beakers were then put on a
shaker (IKA HS 501 digital, Staufen, Germany) at 100 rpm. After two
days, the solutions were sieved through a 1-mm mesh size and a 20-pm
mesh size stainless steel sieves. The retained particles were rinsed off
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with milliQ water and transferred into a filtration unit for vacuum
filtration, equipped with a 5-pm cellulose acetate filter membrane. Only
particles larger than 1 mm (OSPAR Commission, 2008) were analysed
by spectroscopy and included in this study. Even though the OSPAR
protocol for the extraction of plastics from stomach content does not
include chemical digestion such as with KOH, we believe our results are
directly comparable to OSPAR studies. The use of a digestive agent was
preferred to ease the spectroscopic analyses and to make the plastic
pieces more visible.

2.3. Characterization of the plastic particles

The plastic particles were sorted using the ‘Save the North Sea’
protocol into industrial (pellet) and user plastic (fragment, thread, sheet,
foamed (van Franeker et al., 2005)). The particle lengths were deter-
mined by placing them on a millimetre-gridded paper and photographed
(smartphone Samsung Galaxy A51, Seoul, South Korea) before their
identification by FTIR. The photographs were then imported into the
Image J v1.52 software and measurements were taken. As recommended
by Hartmann et al. (2019), only the largest dimension was measured. As
recommended by Provencher et al. (2017), plastics were categorized
into one of the eight colour groups: off/white-clear; grey-silver; black;
blue—purple; green; orange-brown; red-pink, or yellow. Light-coloured
plastic was defined as off/white, yellow and orange-brown categories.
The plastic particles were weighed per polymer and individual (Quin-
tix64-1S, Sartorius AG, Gottingen, Germany).

2.4. FTIR spectroscopy

All extracted particles were identified using the Fourier Transform
Infrared (FTIR) Spectrometry technique (infrared spectrometer Cary
630 with Diamond Attenuated total reflectance (ATR), Agilent tech-
nology, Santa Clara, US) and a hit quality index (HQI) superior or equal
to 0.7 was required for a particle to be assigned a polymer. The windows
for detection of spectra were set between 4000 and 650 cm ™! and the
resolution was set at 8 cm™'. Between each particle analysis, the dia-
mond crystal was cleaned, and scans were collected to adjust for back-
ground noise. The obtained spectra were compared to a modified ATR
Demo reference library at the Norwegian Institute for Air Research
(NILU) in Tromsg. If a satisfying match could not be obtained, the par-
ticle was scratched with a scalpel or sliced, and its spectrum was
determined a second time. If the second match did not reach a HQI of
0.7, the particle was classified as “Undetermined”.

2.5. Quality assurance and quality control

Similarly to Collard et al. (2022b), our study was limited to particles
larger than 1 mm which are less prone to originate from the contami-
nation of the working environment. However, we did our utmost to
prevent contamination as our samples might be investigated for smaller
particles (<1 mm) in the future. Therefore, each step, from the dissec-
tion of the birds to the selection of particles for identification, was
performed to prevent any microplastic cross-contamination: a cotton lab
coat and gloves were worn, beakers were covered when not manipu-
lated, plastic materials were avoided as much as possible (gloves and
tubes for storage after plastic extraction were made of plastic), the KOH
solution was filtered through the same filter membrane than mentioned
earlier and all laboratory equipment was rinsed with filtered milliQ
water before and after use. To reduce airborne contamination, all lab-
oratory work was performed under a fume hood. Blanks were run for
potential further investigation of smaller MPs, but were not included in
this study as no particle larger than 1 mm was found in those blanks. All
the filter membranes, including blanks, were retained for future studies
of smaller microplastic particles.
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2.6. Ethical statement

The fledglings were sampled in Svalbard, after approval by the
Governor of Svalbard under the permit nr. 21/01412-2. In Svalbard, it is
very challenging to collect beached fulmars as there are few beaches,
and they are remote and hard to access. Besides, the presence of top
predators such as the polar bear and the Arctic fox would prevent a
collection of dead birds in good shape with intact digestive systems. This
study aimed at investigating plastic burdens in fledglings, a specific age
class of fulmars. Therefore, an opportunistic sampling on beaches could
not have provided enough fledgling carcasses for study. We sampled 15
individuals as a compromise between the number of samples and the
potential impact on the fulmar population. The sacrifice of birds was
performed by cervical dislocation by skilled and experienced staff
immediately onboard to diminish as much as possible stress and pain.
The birds’ digestive tracts were used for this study, and other tissue were
also collected to maximize the sampling. These will be utilised for other
investigations.

3. Results

All fifteen fledglings contained ingested plastic (Fig. 1), with a me-
dian of 35 particles per bird (mean 46.0 &+ 39.6 SD, quartiles 18.5-53.5,
range: 8-139, Table 1). The total mass of ingested plastics was 4.67 g
with an average of 0.31 g (+ 0.24 SD) per bird. Twelve birds (80 %) were
above the EcoQO of 0.1 g of plastic in the stomach. Among the total of
683 pieces of plastic, only 14 were industrial plastics (or pellets). The
most common polymers were polyethylene (PE) and polypropylene
(PP), representing 65 % and 27 %, in numbers of all polymers, respec-
tively. The other polymers found were polystyrene, polyamide, acrylo-
nitrile butadiene styrene, polyethylene terephthalate and polyurethane.
Off/white and yellow particles were the dominating colours of ingested
particles (45 % and 32 %, respectively). Light coloured plastics repre-
sented 82 % of all the plastics found. Most plastics were hard fragment
(83 %). Seven of the 15 fledglings regurgitated at sea upon capture,
leading to a possible underestimation of the plastic burden in their
stomachs.

All the fledglings were in very good body condition, with a body
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mass varying from 830 g to 1120 g. No correlation between body mass
and both the plastic count and plastic mass could be evidenced.

4. Discussion

The northern fulmar is the only bioindicator of plastic pollution and
has therefore been extensively studied compared to other seabird spe-
cies, within and outside of the Arctic (Baak et al., 2020; Collard and Ask,
2021). All previous studies conducted in Svalbard showed high fre-
quencies of occurrence (Collard et al., 2022a; Trevail et al., 2015; Tulatz
et al., 2023; van Franeker, 1985). The high burdens of plastics in fulmar
fledgling stomachs are similar to another recent study whereby fledg-
lings collected in 2020 had an average of 0.34 g + 0.08 SE of plastic per
stomach. Each fledgling had ingested at least one plastic piece (Tulatz
et al., 2023). Our study is in accordance with these results. It is note-
worthy that our study analysed the plastic burden in 15 individuals only.
That number of samples might not be perfectly representative of the
population but shows however that fledglings do ingest remarkable
numbers of plastic pieces overall. Besides, a low number of sampled
individuals prevent an extended data analysis, such as comparison be-
tween sexes, which could not be performed here.

Variations of plastic burdens between young and older seabirds can
be explained by several factors such as the experience in selecting prey,
the time spent on land and the parental transfer (Skorka and Wojcik,
2008; van Franeker, 2012; van Franeker et al., 2022). The chicks leave
the nest when the parents stop feeding them and start looking for their
own food. That lack of experience combined with a strong feeling of
hunger could lead to a more opportunistic feeding behaviour resulting in
a higher level of plastic pieces in their stomachs compared to levels in
adults. Bond et al. (2021) and van Franeker et al. (2022) also suggested
that older birds which spend more time at the colony, could get rid of
ingested plastic. Fulmars can spit plastics along with oil as a defence
mechanism against predators while, males also spit during nest-site
disputes (van Franeker et al., 2022). Adults also empty their stomachs
while feeding their chicks, resulting in parental transfer of plastic pieces.
Our fledglings were collected right after the chick-rearing season, in
which they are fed by the parents exclusively. The fledglings were
caught at sea, still unable to fly, meaning that the time spent out of the

Fig. 1. Examples of all the plastics found in four fulmar fledglings, including the three with the highest numbers of plastics. A: F01-21Sv, B: F05-21Sv, C: F10-21Sv,

D: F13-21Sv. Scale bars: 1 cm.
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Table 1
Overview of the levels and characteristics of the plastics ingested by the fulmar fledglings. PE: polyethylene, PP: polypropylene.
Bird ID Number of user Mass of user Number of Mass of pellets ~ Dominant Dominant Dominant Total Total mass
plastics plastics (g) pellets (€3] polymer shape colour number (€3]

FO1- 71 0.547 4 0.053 PE Hard Yellow 75 0.600
21Sv fragment

FO2- 27 0.147 1 0.024 PE Hard White 28 0.171
21Sv fragment

FO3- 19 0.172 0 0 PE Hard Yellow 19 0.172
21Sv fragment

F04- 63 0.597 0 0 PE & PP Hard White 63 0.597
21Sv fragment

FO5- 39 0.868 0 0 PE Hard White 39 0.868
21Sv fragment

F06- 41 0.495 3 0.062 PE Hard White 44 0.557
21Sv fragment

FO7- 17 0.052 1 0.026 PE Hard White 18 0.078
21Sv fragment

FO8- 34 0.270 1 0.019 PE Hard White 35 0.289
21Sv fragment

F09- 8 0.048 0 0 PP Hard White 8 0.048
21Sv fragment

F10- 129 0.374 2 0.049 PE Hard Yellow 131 0.423
21Sv fragment

F11- 8 0.113 1 0.020 PE Hard Yellow 9 0.133
21Sv fragment

F12- 37 0.135 0 0 PE Hard White 37 0.135
21Sv fragment

F13- 138 0.356 1 0.009 PE Hard White 139 0.365
21Sv fragment

F14- 11 0.037 0 0 PE Hard White 11 0.037
21Sv fragment

F15- 27 0.196 0 0 PE Hard Yellow 27 0.196
21Sv fragment

Total 669 4.407 14 0.262 - - - 683 4.669

The size range of all plastics was from 1.0 mm to 106.2 mm, with an average of 5.6 mm (+ 5.5 SD) and a median of 4.7 mm (1st quartile: 3.3 mm, 3rd quartile: 6.5 mm).

A bare majority of the plastics were microplastics (< 5 mm, 56 %).

nesting area was very short -a matter of days- and highly unlikely to
have led to a significant ingestion of plastic pieces. Even though the nest
area could also be a potential source of plastic (J. Danielsen, pers.
comm.), the nest does not constitute a source of plastics. Indeed, as
fulmars breed on narrow ledges and do not build nests, it is impossible
that unfledged fulmar chicks have access to plastic pollution other than
by parental transfer. All those parameters lead to high ingestion rates of
plastics by fledglings. Yet, the importance of those factors is unknown
and the fate and impacts of those plastics on first-year fulmars is poorly
understood.

Investigations of plastic ingestion by chicks of procellariiform sea-
birds already existed back in the 1960s where already high masses and/
or high frequencies of occurrence were reported in different species
(Kenyon and Kridler, 1969; Auman et al., 1998; Lavers and Bond, 2023;
Youngren et al., 2018). Despite a growing interest for plastic ingestion
by fledglings in the European Arctic (Amélineau et al., 2016; Ask et al.,
2020; Tanaka et al., 2019; van Franeker, 2012), plastic ingestion by
chicks on Svalbard has been only recently studied and only in fulmar
chicks or fledglings (Collard et al., 2022b; Tulatz et al., 2023). These few
studies show that even in the remote Arctic, seabird chicks are fed
plastic, mostly fragments, with frequencies of occurrence above 90 %.
While our study focuses on a seabird species that has been greatly
investigated for plastic pollution, it adds evidence to support the
importance of the fulmar for future monitoring.

Most of the ingested plastic in our study were light coloured, a result
common to many previous studies on plastic ingestion by seabirds
(Amélineau et al., 2016; Collard et al., 2022b; Robards et al., 1995;
Santos et al., 2016; Verlis et al., 2013; Vlietstra and Parga, 2002). Before
ingesting a prey - or a plastic piece - animals need to encounter it and see
it. Animals feeding from above the sea will more easily see light coloured
prey or particles as the water column appears dark (Thayer, 1896), when
deep enough. Similarly, considering particles of the same size, fragments

will be more evident than fibres. The fulmar flies above the sea surface to
spot their prey before picking them. Finding more light-coloured, hard
fragment, plastic than dark plastic is therefore consistent with Thayer’s
law (Santos et al., 2016; Thayer, 1896) even though fibres and dark
coloured particles are the most common microplastics in Arctic surface
waters (e.g. Carlsson et al., 2021; Jiang et al., 2020; Liboiron et al.,
2021; Lusher et al., 2015). Beside the colour, there is also a pattern in the
shape of the ingested plastics. Hard fragments are the dominant plastic
shape commonly ingested by fulmars (e.g. Collard et al., 2022a; Kiihn
et al., 2021; Siihring et al., 2022; Tulatz et al., 2023; van Franeker et al.,
2022). This means that floating secondary micro- or mesoplastics, i.e.
plastic pieces resulting from the fragmentation of larger plastic debris,
constitute the main source of plastic ingested by fulmars over primary
micro- or mesoplastics.

One priority question remaining to be answered relates to the im-
pacts of plastic ingestion. Both toxicological and physical impacts are
expected but more evidence is needed. Some studies reported tissue
puncturing (Tulatz et al.,, 2023) and other tissue damage such as
collagenous thickening or disorganisation of the proventriculus sub-
mucosa and fibrosis (Charlton-Howard et al., 2023; Rivers-Auty et al.,
2023). Even though uncommonly observed, mechanical impacts do
occur. The impacts of plastic ingestion can therefore have deleterious
impacts on the individual level but the consequences on the population
level constitute a large knowledge gap (Browne et al., 2015; Werner
etal., 2016). Plastic ingestion is another factor impacting seabirds at the
individual, and perhaps at the population level, supporting the need for
monitoring programmes and further studies on early life stages.

Similar to more populated regions, Svalbard seems to be a place
where fulmars, of all age classes, ingest a lot of plastic and is therefore
worth considering in the possible frame of monitoring in the Arctic. Our
study is indeed not the first one performed in Svalbard that shows high
occurrence and burdens of plastic in fulmar (Tulatz et al., 2023; Trevail
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et al., 2015; Collard et al., 2022a). It however supports the inclusion of
Svalbard of a potential biomonitoring programme. Besides, given the
high burdens in fulmars from Svalbard the impacts of such ingestion
should be investigated. A few recently published studies showed some of
the adverse effects on seabirds’ health, including fibrosis and loss of
tissue structure (Charlton-Howard et al., 2023; Fackelmann et al., 2023;
Fackelmann and Sommer, 2019; Rivers-Auty et al., 2023). These studies
present new perspectives in scientific research, and the fulmar pop-
ulations from Svalbard are likely to be a candidate for such impact
studies, as well as for biomonitoring purposes. Fledglings as a homog-
enous age group are also a good source for further studies on plastic
related contaminants, avoiding sex- and breeding status related con-
founders. We want to encourage future studies to investigate the suit-
ability of non-lethal methods such as imaging or blood sampling for
plastic-related chemical quantification as those methods could hope-
fully then be used for biomonitoring over the killing and dissection of
those birds. In that perspective, fulmar fledglings are also a good
candidate as they can be caught easily alive at sea, allowing scanning
and blood sampling. Fulmar fledglings would be suitable for temporal
monitoring of marine plastic pollution in Svalbard, scalable to regional
monitoring across the Arctic, including regions were fulmar fledglings
are harvested for consumption - with the avoidance of killing birds only
for science by cooperating with hunters. By this approach it would be
possible to avoid age composition and sampling season as a bias source
for inter-study comparability.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.marpolbul.2024.116365.
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