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Abstract
Anthropogenic debris, including plastic pollution, is a growing concern in the Arctic and negatively impacts both marine
and coastal organisms. The aim of this study was to investigate the potential for using Arctic fox (Vulpes lagopus) faeces as a
monitoring tool for plastic pollution in the Arctic environment. Arctic fox faeces were collected in different regions of Iceland
and analysed for anthropogenic debris presence larger than 300 µm, and diet composition. In total, 235 faecal samples from
1999, 2017, 2018 and 2020 were analysed. The overall frequency of occurrence of plastic and other anthropogenic material
was 5.11% and was found in samples across all regions and years. There were no statistical differences in anthropogenic
debris ingested, depending on year or region. There were no obvious differences in diet composition between samples that
contained anthropogenic debris and samples without. The suitability of Arctic fox faeces as a method to monitor plastic and
anthropogenic debris levels in the Arctic environment remains debatable: Whilst the vast distribution range of the Arctic
fox and the non-invasive collection methodology of faecal samples could be utilised as a good monitoring tool, the overall
low uptake and unclear source of plastic and anthropogenic debris (marine or terrestrial) makes the interpretation of the data
difficult. Nevertheless, debris ingestion by Arctic foxes remains a concern and warrants further studies.
Keywords Arctic fox (Vulpes lagopus) · Iceland · Plastic · Anthropogenic debris · Debris ingestion · Monitoring

Introduction
Anthropogenic debris such as plastic is pervasive and present throughout ecosystems and across trophic chains (Rochman and Hoellein 2020). As a versatile material, plastic is in
demand in many sectors. This demand leads to an increased
accumulation of produced plastic, and the global plastic production reached 368 million tonnes in 2019 (PlasticsEurope
2020).
Research on plastic prevalence in marine species has
shown that many species have plastics in their stomachs or
faeces (Kühn and Van Franeker 2020). Plastic ingestion is
recorded in marine organisms ranging from millimeter-sized
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zooplankton, up to blue whales (Balaenoptera musculus;
Baxter 2009; Yu et al. 2020). Plastics and other man-made
substances are ingested directly, either by mistaking these
particles for prey or passively ingested together with prey
(Ryan 2016). Once ingested, plastic and other anthropogenic
debris (henceforth anthropogenic debris) can lead to lethal
and sub-lethal consequences such as malnutrition or starvation that can be caused by e.g. the obstruction of the gastrointestinal tract (Kühn et al. 2015; Bergmann et al. 2022;
Tekman et al. 2022). Furthermore, research has shown that
harmful chemical additives such as plasticizers, flame retardants, and UV stabilizers can leach from the ingested plastic
particles into the organism, although direct health effects
are difficult to quantify (Tanaka et al. 2015, 2020; Kühn
et al. 2020).
With increasing latitudes and comparatively lower human
population density and activity in the Arctic, plastic levels
in the environment are expected to decrease (Kühn and Van
Franeker 2012; Trevail et al. 2015). However, recent studies show that an increase in plastic levels in the Arctic in
the years and decades to come is likely due to the warming
of the climate and the poleward expansion of shipping and
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fishing activities (Trevail et al. 2015; Cózar et al. 2017; Collard and Ask 2021). For example, studies on plastic ingestion
in northern fulmars (Fulmarus glacialis) in Arctic environments show a high incidence of plastics even in remote locations (Mallory 2006, 2008; Provencher et al. 2009; Kühn and
Van Franeker 2012; Trevail et al. 2015; Baak et al. 2020a, b).
A research bias towards anthropogenic debris in marine
organisms has side-lined studies on anthropogenic debris
in terrestrial ecosystems and organisms (Rillig 2012; Mai
et al. 2018; Puskic et al. 2020; Collard and Ask 2021). Available reports on anthropogenic debris ingestion in Arctic land
mammals are scarce (Collard and Ask 2021) and include
studies on Arctic wolves (Canis lupus arctos; MarquardPetersen 1998), Svalbard reindeer (Rangifer tarandus platyrhynchus; Nashoug 2017), the Grant's caribou (Rangifer
tarandus granti; Beach et al. 1976) and Arctic foxes (Vulpes
lagopus). More specifically, anthropogenic debris ingestion
in Arctic foxes was documented in Alaska (Garrott et al.
1983), in Greenland (Kapel 1999), in Svalbard (Prestrud
1992; Hallanger et al. 2022), and in Iceland (Skúladóttir
2019). The curious and opportunistic nature of Arctic foxes
may lead to the accidental uptake of anthropogenic litter, in
particular when attracted to garbage sites close to human
settlements (Kapel 1999; Savory et al. 2014). Still, several
knowledge gaps remain in assessing anthropogenic debris
exposure of Arctic terrestrial organisms. These include
pathways of exposure of anthropogenic debris in terrestrial mammals (e.g. trophic transfer via northern fulmars)
as well as the biological effects of anthropogenic debris on
the organism.
Currently, no terrestrial indicator species for environmental pollution by anthropogenic debris has been designated for
Arctic food webs (Lusher et al. 2022). The Arctic Monitoring and Assessment Programme (AMAP) recommends the
northern fulmar as a primary monitoring indicator of marine
plastic particles larger than 1 mm (Baak et al. 2020b; AMAP
2021), other species are also discussed including terrestrial
species such as the Arctic fox as well as the caribou, the
reindeer and the polar bear (Ursus maritimus) to cover other
environmental departments (AMAP 2021).
Establishing a terrestrial Arctic organism as a bioindicator for anthropogenic debris pollution can help in identifying
spatial as well as temporal trends, polluters entry points into
ecosystems and potential trophic transfer between marine
and terrestrial organisms. Furthermore, it would effectively
comply with the recent request on further plastic ingestion
studies in Arctic terrestrial mammals as brought forward
by several fora such as AMAP, but also the Protection of
the Marine Environment (PAME 2019), and Conservation
of the Arctic Flora and Fauna (CAFF). Intergovernmental
organizations such as the Helsinki Commission (HELCOM
2021), Nordic Councils (Raubenheimer and Urho 2020), the
International Council for the Exploration of the Sea (ICES
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2018), and the United Nations Environment Programme
(UNEP; GESAMP 2019) all discuss anthropogenic debris
in the Arctic as a source of great concern and express a need
for further research and monitoring programmes.
The aim of this study was to quantify anthropogenic
debris in faecal samples of Arctic foxes in Iceland and to
analyse whether Arctic fox faecal analysis might represent
a suitable approach to monitor anthropogenic debris in the
Arctic environment. Faeces collection was chosen as the
preferred methodology due to its simplicity and minimally
invasive nature as it limits disturbance of the animals. In
order to investigate potential transfer pathways of ingested
anthropogenic debris, dietary analysis was performed on the
faecal samples.

Methods and materials
Field sample collection
Faecal samples were collected in Iceland in 1999, 2017,
2018 and 2020 (Fig. 1). Faeces from 1999 (n = 80) were
collected at known den sites in the nature reserve of Hornstrandir in the Westfjords. Tourism in the uninhabited peninsula is usually restricted to the summer months when access
is possible by boat. Hornstrandir visitors were approximated
about 3600 visitors in 1999 and about 5000 visitors in 2020
(Kristín Ósk Jónasdóttir, Umhverfisstofnun, pers. comm.,
16.05.2022). Visitors of Hornstrandir have increased since
2011 when tour operators started offering tours more frequently and earlier in the season.
In 2020, faecal samples (n = 77) were collected in the
Westfjords, more specifically in the regions of Dynjandi
waterfall, Ísafjarðarbær and Hornstrandir. The region of the
Westfjords is a peninsula in Northwest Iceland with around
7.000 inhabitants (Vestfjarðastofa 2022). The Westfjords
and the region of Dynjandi in particular are generally well
visited by tourists in the summer. However, during 2020
the effects of the COVID pandemic led to a drop in tourist
numbers by 83% in 2020. No cruise ships arrived that year,
compared to > 100 in previous years (Ferðamálastofa, 2021).
All faecal samples were collected randomly with some
samples collected close to den areas and others further away.
But as the area is highly populated, most locations are within
breeding territories. During both years (1999 and 2020) collection took place in May, June, and July, when breeding
foxes are still rearing cubs. After collection, the samples
were stored at – 18 °C before analysis took place.
Faecal precursors were extracted by removing the last
part of the large intestine (around 10 cm), close to the
anus from dead Arctic foxes received from hunters in
2017 (n = 30) and 2018 (n = 48) in four different regions,
namely the Westfjords, the Northwest, the Northeast, and
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Fig. 1  Sampling locations of
Arctic fox faecal samples in Iceland. Locations from 1999 are
indicated in blue (n = 80), faecal
precursors from 2017 in orange
(n = 30), and 2018 in yellow
(n = 48), and faeces from 2020
are shown in green (n = 77)

the Southwest of Iceland (Fig. 1). Removing the whole
set of intestines is part of the standardized procedure during Arctic fox dissections and was initially not intended
for plastic research. Taking only the last part was done
to be able to compare the faecal precursors to the scats
found on ground. To account for the varying length of the
gut that was removed, faecal matter mass was recorded.
These samples were collected throughout all seasons in
both years.

Laboratory processing of samples
All faecal samples were weighed with a scale of a precision
of 0.0001 g. To obtain the total mass of faecal matter from
the faecal precursors, it was weighed before and after the
removal of the faeces from the intestines. All samples were
then placed in glass vials with a solution of water and washing detergent Biotex (3 g/L; Sara Lee H and HB Netherland
B.V) for enzymatic digestion of the samples. To remove
soft tissue hampering the extraction of hard prey remains
and anthropogenic debris, this method has been applied in
previous studies analysing plastic ingestion as well as natural
diet in marine mammals and seabirds, (e.g. Bravo Rebolledo
et al. 2013; Harris et al. 2015). The samples were put in a
shaking bath (Julabo SW23) at 40 °C for a minimum of
48 h, and were shaken at 120 revolutions/min. They were
then rinsed with fresh tap water over a sieve of 300 μm to
remove the Biotex and the dissolved soft organic material.

After sieving, the samples were transferred to a Bogorov
counting chamber for microscopic analysis.

Identification of dietary items and anthropogenic
debris
Faecal samples were analysed using a Discovery V8 stereomicroscope (Zeiss, Germany), and hard prey remains such
as bones, feathers, beaks, and non-food natural items such as
wood and stones were separated and counted. A minimum
number of individual prey (MNI) was estimated for each
prey taxa based on, e.g. the number of otoliths or lenses of
fish, or the number of similar bone fragments such as jaws.
For plant material, such an estimate is more difficult. The
MNI of seaweeds was based on the number of different types
found in the faecal matter. For terrestrial plants the MNI was
based on either the number of different plant types or estimated based on the abundance of plant material, such as berries, which provides a rather rough estimate. Prey remains
were categorized as either terrestrial, marine, a mixture of
both, or as unknown, identified to the lowest taxonomic level
possible. Bird species could not be determined based on the
feather remains in the sample. Fish prey remains were identified using otoliths and vertebrae appearance (Härkönen
1986; Camphuysen and Henderson 2017).
Anthropogenic debris particles were extracted from the
sample and left to dry for at least 24 h. According to the
method of Van Franeker et al. (2011) these particles were
then further categorised into industrial pellet, sheet, thread,
foam, fragment, other plastic, and other anthropogenic debris
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(e.g., tar, paper, aluminium foil, etc.). Particles were counted
and weighed per category using a scale to an accuracy of
0.0001 g. Their size (length, width, and height with 0.1 mm
accuracy) was measured with sliding callipers. By doing
this, the particles were classified according to their maximum length in either micro- (< 5 mm), meso- (5–25 mm)
and macro particles (> 25 mm; Arthur et al. 2009). The exact
colour was defined using the RAL system including 213
colours. These colours were grouped in categories: transparent, black, grey, white, blue, green, red, brown and yellow.
In multicoloured pieces, the dominant colour was defined.
All items were photographed under the microscope (Zeiss
AxioCam MRc with AxioVision 40 V4.8.2.0 software).
Fourier-Transform Infrared Spectroscopy (FTIR; Shimadzu
IRSpirit) was applied to identify the specific polymer type.
Regular background scans were performed to correct for
background noise. For each item, 45 scans were performed,
and spectrum was measured between 400 and 4000 nm.
Results of spectrum overlap are expressed as a match score
from 0% (no overlap) to 100% (total overlap). A match score
threshold of 80% was accepted in line with recommendation
by Kühn et al. (2021). As samples were exposed to the air for
an uncertain amount of time prior to collection, this study
excluded fibres from the analysis due to the high risk of contamination (e. g. Kühn et al. 2018). All anthropogenic debris
in the samples were microscopically checked for similarity
with the materials used during processing of the samples in
the laboratory such as plastic tape which was used to maintain the labels in place.

Data processing
To indicate the proportion of samples that contained anthropogenic debris particles, the frequency of occurrence (%FO)
was calculated. Average number and mass were expressed
as population averages, including all samples that did not
contain any anthropogenic debris. Differences between average particle numbers, and masses in different years, regions
and found when using different sample collection methods (faecal or precursor samples) were assessed using an

ANOVA, followed by a non-parametric Tukey HSD test. To
test whether anthropogenic debris ingestion could be linked
to specific diet components, the difference in diet composition between faecal samples containing anthropogenic
debris items or not was tested with ANOSIM (Analysis of
Similarities) using untransformed data and a Euclidean distance matrix (Clarke and Warwick 2001). In addition, the
differences in diet composition between faecal samples from
the four different regions was investigated using ANOSIM.
ANOSIM is a multivariate test based on a similarity matrix
that is used to uncover differences between groups of samples, including the counts of all dietary items (Clarke and
Warwick 2001). In this case, the MNI in the dietary categories benthos, crustaceans, fish, squid, marine plants, mammals, insects, worms, birds, gastropods and terrestrial plants
were used. For the performed ANOSIM tests, the R statistic
is given, providing a measure for the degree of separation
between groups. This value is one when all replicates within
a group are more similar than any replicates from different
group and groups are, thus, completely separated. The value
is zero when similarities between and within groups are,
on average, the same. There is, thus, no difference between
groups when the R is small (Clarke and Warwick 2001).
Statistical tests were performed using the R software version 4.0.2 (R Core Team 2021) and the “vegan” package
(Oksanen et al. 2020). Differences were regarded as statistically significant when α < 0.05.

Results
Detected anthropogenic debris
The total frequency of occurrence of anthropogenic debris
in all samples was 5.11%, equalling 12 anthropogenic debris
particles in 235 samples (Table 1). None of the samples contained more than one anthropogenic debris item. Foxes from
all sample groups ingested on average 0.050 items/sample,
with an average mass of 0.0048 g/sample. There was no
statistical difference between the number of anthropogenic

Table 1  Overview of anthropogenic debris items found in Arctic fox faeces by different study groups
Year

Location

Method

n sample

%FO

Avg n plastic ± se

Avg plastic mass ± se (g)

Total faecal
mass (g)

1999
2017
2018
2020
1999–2020

Westfjords
Iceland
Iceland
Westfjords
Total

F
FP
FP
F
F + FP

80
30
48
77
235

5.0
3.3
4.2
6.5
5.11

0.05 ± 0.025
0.03 ± 0.033
0.04 ± 0.029
0.06 ± 0.028
0.05 ± 0.014

0.00008 ± 0.00006
0.000003 ± 0.000003
0.00482 ± 0.005
0.01141 ± 0.008
0.00475 ± 0.003

134.5
150.3
212.7
306.1
803.6

Given are sampling year and location, the method (F faeces, FP faecal precursor), sample size, the frequency of occurrence (%FO), the mean
number and mass (± standard error) of items per sample as well as the total mass faecal matter
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debris (F1, 233 = 0.38, p = 0.54) or the weight (F1, 233 = 0.185,
p = 0.67) of anthropogenic debris found in the samples
when comparing faecal samples and faeces from precursor
samples. Likewise, the number or weight of anthropogenic
debris in both faecal and precursor samples did not differ
significantly between years (for numbers: F3, 231 = 0.194,
p = 0.90; for weight F3, 231 = 0.969, p = 0.41) or regions (for
numbers: F3, 231 = 0.949, p = 0.42; for weight F3, 231 = 1.58,
p = 0.20).

Anthropogenic debris characteristics
Nine out of twelve items were categorized as plastic. These
particles included three plastic sheets, three plastic fragments, as well as three items categorized as ‘other plastic’.
Two other items were categorized as ‘paper’ and one as
‘tar’. A photographic overview of all found plastic particles
is shown in Fig. 2. Detailed descriptions and pictures of
all particles can be found in the Online Resources 1 and 2,
respectively.
The maximum length of the litter items ranged from 0.5
to 89.6 mm, with an average size of 18.3 mm and an average

weight of 0.093 g per item. The smallest particle measured
approximately 0.5 × 0.3 mm. Of the 12 items found, five
were categorized as microparticles, four as mesoparticles,
and three were larger than 25 mm and were categorized as
macroparticles. Colours varied from transparent, to black,
grey, white, blue, beige, brown, and yellow.
Of the 12 items found, two particles were identified as
cellulose, one of which had the largest dimensions and the
appearance of toilet paper. Another particle was identified
as tar mixed with cellulose. Two particles were identified
as polyethylene and one as polypropylene, two particles
as acrylic, one particle as polyester, one as ethylene–vinyl
acetate (EVA), and one as acrylonitrile butadiene styrene
(ABS). One particle could not be identified with FTIR due
to its very small size.

Ecotype and diet variations
Judging from the items in the faecal samples, the diet of
Icelandic Arctic foxes was highly variable. Bird remains and
terrestrial plant material, such as small leaves and branches

Fig. 2  Plastics and other anthropogenic debris found in faecal
samples of Arctic foxes from
Iceland. Particles were found in
1999 (a–d), in 2017 (e and f),
in 2018 (g) and in 2020 (h–l).
Scale indicates millimeters
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as well as berries, dominated the diet in terms of numbers
and were found in all regions and years. Both prey types
were found in the vast majority of the samples investigated.
The proportional contribution of different prey categories to
the diet per region are presented in Fig. 3.
Benthic prey items were exclusively found in samples
from the Westfjords, including both faeces and precursor
samples. They included sea urchin (Echinacea spp.), sea
snails or limpets (Lepetellidae), and bivalves. Avian prey
items found likely originated both from seabirds and terrestrial birds. Identification of bird species at a lower taxonomic
level was achieved for two passerines in total, based on the
remains of beaks, feathers and claws, which indicated that
these birds might have been a redwing (Turdus iliacus) and a
meadow pipit (Anthus pratensis). Squid remains such as eyes
and beaks were found in two samples from the Westfjords,
once in 1999, and once in 2020. Crustacean prey included
small shrimp-like species such as ostracods, amphipods,
and decapods. These were found in 32 samples in total, of
which 27 in the diet of foxes from the Westfjords from 2020,
and five samples from the southwest region from 2017 (3
samples) and 2018 (2 samples). Fish remains were found
in 36 samples and belonged to three different orders. The
gadifomes (cod-like fish) included whiting (Merlangius merlangus), Norway pout (Trisopterus esmarkii) and northern
rockling (Ciliata septentrionalis). Osmeriformes (smelt-like)
were represented by capelin (Mallotus villosus) and perciformes (perch-like) included the lesser sandeel (Ammodytes
tobianus). The majority of the fish remains (72.2%) were
found in faecal samples collected in the Westfjords during
both 1999 and 2020. The other 27.8% came from precursor samples collected from the southwest of Iceland. Insects
were detected in the Westfjords in 1999 and 2020, in the
southwest in 2017 and in 2018 and in the northeast in 2017

Fig. 3  Natural diet found in
Icelandic Arctic fox faeces combined for all sample collection
years. Proportional abundance
prey categories by regions in
terms of numbers of prey items
found: Westfjords (n = 193
samples), northwest (n = 7),
northeast (n = 5) and southwest
(n = 30)
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and in 2018. Only one individual from 1999 could be identified as belonging to the order of the flying insects (Odonata).
Mammal remains such as skin, fur, teeth and bones were
found in 54 samples from all regions and years but predominantly in the northwest and southwest precursor samples.
All but two skin and bone fragments found belonged to the
order of rodents. Rodent remains from the Westfjords from
1999 and 2020 were most likely wood mouse (Apodemus
sylvaticus). The two remaining samples contained skin
fragments that could have originated from seals, based on
thickness and appearance. Plants represented the largest diet
components in terms of numbers in all four regions. This
category includes both terrestrial plants (mostly crowberries; Empetrum nigrum) and marine algae. The frequency
of plant material found in almost every sample might be
an indication that foxes deliberately eat berries, grass, or
seaweed. Parasites were detected in three samples from the
Westfjords in 1999. The category ‘other’ included stones
and was found in all four regions and during all years. A
table with an overview of natural prey in Arctic fox faeces
and faecal precursors can be found in Online Resource 3.
Examples of natural prey remains are depicted in the Online
Resource 4.
There was no statistical difference in diet composition
between samples from different regions (p = 0.44, R = 0.01).
Plastic remains were found in faecal samples together
with diet remains of marine and terrestrial origin and bird
remains (Fig. 4a). Terrestrial and marine prey remains were
found together with plastic in samples from faecal precursors
(Fig. 4b). Comparing the abundances of prey items in the
different diet categories, no significant difference between
samples that included plastic and samples that did not was
found (p = 0.15, R = 0.10).
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Fig. 4  Diet types found in
samples from faeces (a) and
faecal precusors (b) from Arctic
foxes from Iceland. Proportional
abundance of diet items was
categorized as either marine,
terrestrial or bird prey remains

Discussion
This study quantified anthropogenic debris in faecal and
faecal precursor samples in Iceland and reports an overall
occurrence of anthropogenic debris ingestion in Arctic
foxes of 5.11%. It was found that anthropogenic debris
is present in Arctic fox faeces from all studied regions.
Anthropogenic debris were found in all sampling years
(1999, 2017, 2018 and 2020), indicating that anthropogenic debris pollution in the Arctic has been present for
several decades.
Garrott et al. (1983) analysed 566 Arctic fox faeces in
Prudhoe Bay, Alaska and found anthropogenic debris in 6%
of the samples. In that study debris was defined as any manmade substances such as wrapping plastic and paper. The
debris found in faecal samples was thought to be wrapping
plastic or aluminium foil of the type found in processed food
wrappings. On Svalbard, Prestrud (1992) analysed stomach
contents from 751 individuals in a study from 1977 to 1989
and found that 5% contained anthropogenic debris which
was defined as paper and plastic particles, however methodological procedures and examination details are not given.
Both studies do not indicate further details on plastic and
anthropogenic debris characteristics.
There are a few other studies with a dedicated anthropogenic litter protocol. A very recent study by Hallanger
et al. (2022) report anthropogenic litter in 15% of 20 Arctic
fox intestines from Svalbard collected in winter. Another
study with a dedicated protocol on Arctic fox plastic ingestion found plastic in 4% of 125 Arctic fox stomachs from
Iceland (Skúladóttir 2019). The study reports an average
amount of 0.36 plastic particles per sample and an average
plastic weight of 0.17 g per sample (Skúladóttir 2019). Of
the stomachs found to contain plastic particles, two came
from the Westfjords, two from the north, and one from the
south of Iceland. The plastic debris found were generally

larger than 1 cm (length) with clearly identifiable particles
such as a sheep ear tag, and a plastic rope. The similarities in
all the aforementioned results might indicate that the collection method (stomachs, precursors of faeces) does not influence the amount of anthropogenic debris detected. Whether
combining several methodologies provides greater accuracy
in anthropogenic debris detection is yet to be analysed.
The current study of faecal sample analysis revealed that
Arctic foxes are able to excrete anthropogenic debris. However particularly large pieces might get stuck in the digestive
tract and would therefore not be accounted for in this study.
A variety of polymer types was detected within this study.
All identified polymer types were also found in other ingestion studies from the Atlantic Arctic. Carlsson et al. (2021)
found several different polymer types in walrus (Odobenus
rosmarus) faeces. Both Malinen (2021) and De Vries et al.
(2020) found plastic particles identified as PE and PP in
Atlantic cod (Gadus morhua) and saithe (Pollachius virens)
collected around Iceland. Akoueson et al. (2020) further
report microplastics in European plaice (Pleuronectes platessa) that were identified as PE and PET (polyethylene terephthalate). Kühn et al. (2021) confirm that both PE and PP
as well as ABS are also commonly found in fulmars from
Iceland. Polymer type details of plastics ingested by biota
outside the Atlantic part of the Arctic are scarce. Two studies report polymer types in Belugas (Delphinapterus leucas)
and their prey fish from the central Canadian Arctic. These
items were dominated by polyester, however their samples
consisted of mainly fibres (Moore et al. 2019, 2022).

Linking diet and anthropogenic debris uptake
in Arctic foxes
The diet of the Arctic foxes generally showed a high variety
in prey items, which is consistent with previous Arctic fox
diet studies done in Iceland (Hersteinsson and Macdonald
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1996; Helgason, 2008). It is known that Arctic foxes can
prey on a large variety of species, and their diet is subject to
seasonal and geographical changes (Hersteinsson and Macdonald 1996; Ellgutter et al. 2020). Bird and terrestrial plant
remains dominated the diet of the Arctic foxes investigated.
However, estimating a clear MNI for plant material is difficult and may have caused a disproportionally large number
of this prey item to appear present in the faecal samples
compared to the other items. Despite that a few differences
can be seen in the diet from different regions, such as benthic
prey only occurring in samples from the Westfjords, there
were no statistical differences in the diet composition of the
faecal and precursor samples investigated. This is likely due
to (1) the high variety of prey items found in samples from
all regions, (2) to the relatively small number of the different prey items generally found in the samples and (3) to the
variation in sample size between the regions.
Kittiwakes (Rissa tridactyla) and fulmars are among the
foxes’ main prey items (Hersteinsson et al. 2000; Pálsson
et al. 2015). Between 2018 and 2020, 67% out of 121 fulmars in Iceland had plastic in their stomach (Snæþórsson
2021), however, no data for Icelandic kittiwakes is available. Therefore, it stands to reason that anthropogenic debris
found in Arctic foxes might have been ingested via their
prey. The co-occurrence of anthropogenic debris with the
same type of prey remain could have been indicative to the
origin of the anthropogenic debris particle (Hammer et al.
2016). Unfortunately, within this study, the feather remains
in the faeces could not be identified to species level. In addition, occurrences of anthropogenic debris could not be associated with a certain type of prey. The equal distribution of
anthropogenic litter in Arctic fox faeces also indicates no
additional plastic load from seabirds during the breeding
season in summer, however, sample sizes from winter were
small in this study.

frequency of occurrence of anthropogenic debris a larger
sample size is needed (MSFD 2013). As a circumpolar
species, the distribution range of the Arctic fox is suitable
for monitoring purposes (Berteaux et al. 2017). In Iceland,
4400–6400 Arctic foxes were legally hunted between 2017
and 2019 (Umhverfisstofnun 2020), therefore carcasses are
available in sufficient numbers and faeces can be collected
non-invasively. In other Arctic regions, where hunting of
Arctic fox is prohibited, faeces could still be collected in
sufficient numbers. The results of the current study demonstrate a low uptake of anthropogenic debris, but at the
same time a large variety of anthropogenic debris items
in terms of size, shape and polymer type and show that
this species might be adequate to examine anthropogenic
debris of different categories.
However, due to the fact that Arctic foxes find their prey
in both marine and terrestrial environments, the examination
of targeted anthropogenic debris entry points is impossible.
It also remains unclear whether the lack of temporal and
geographical trends reflects a stable situation of anthropogenic debris pollution during the sampling period and in different sampling locations, or if the Arctic fox is unsuitable to
indicate any changes. Ingestion rates of anthropogenic debris
should be high enough to enable comparable measurements
and the extraction of statistical trends regarding changes in
time, per region and in anthropogenic debris composition
(UNEP/MAP 2018). The current study demonstrates that
anthropogenic debris ingestion by Arctic foxes occurred during three decennials and across different regions of Iceland,
however no changes in time or region were detected. These
results overlap with previous studies on debris ingestion
by Arctic foxes that report comparable uptake in different
regions and time periods.

Suitability of Arctic foxes as a monitoring species
for anthropogenic debris in the Arctic

Conclusion

Bioindicators are organisms which reflect the overall state
of health of the environment with regards to pollution and
other anthropogenic disturbances in the environment and
can, therefore be used as monitoring tool. Their response
to changing conditions in the environment is regarded as
representative of the state of the environment as a whole
targeting e.g. anthropogenic stressor such as plastic pollution. Among the factors that contribute to a suitable
monitoring species, availability and accessibility of biota
samples play an important role. Availability of samples
in large enough numbers increases statistical confidence
levels and trends can be detected more easily. In fulmars
for example, an annual sample size of 40 birds is advised
(Van Franeker et al. 2011), but in species with a lower
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The amount of litter found in Arctic fox faecal matter was
similar to those in other studies in the Atlantic Arctic region.
No regional differences within Iceland and no temporal trend
could be detected within the three decades covered in this
study. To better understand anthropogenic debris uptake and
pathways across the food web and ecosystems, additional
research is needed using a protocol where the entire digestive tract as well as faecal samples of terrestrial mammals
are analysed. The lack of a terrestrial indicator species for
anthropogenic debris in the Arctic shows the need for further
research to find a species suitable to monitor anthropogenic
debris in Arctic food webs and in the Arctic environment.
Increasing tourist numbers in Arctic regions could increase
the pollution levels even in remote areas such as the Westfjords. To evaluate whether the opportunistic Arctic fox may
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or may not be a suitable anthropogenic debris monitoring
species, further studies are recommended. In Iceland, the
northern fulmar is already used to monitor plastic in the
marine environment, but an additional monitoring scheme
for terrestrial regions could be beneficial.
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