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Abstract 

Plastic pollution in the marine environment is a growing concern in the Arctic and affects 

multiple marine and coastal organisms across trophic levels. The Arctic fox (Vulpes lagopus) is 

the only native terrestrial species in Iceland and could, as a monitoring species, provide an 

important insight into the state of the environment in the Arctic in terms of plastic pollution. 

In 2019 a study was commissioned by the Environment Agency, that reported plastics in Arctic 

fox stomachs (Skúladóttir, 2019). This thesis is in line with findings from this study, and seeks 

to increase knowledge about the general state of plastic pollution in the Icelandic environment, 

and of the Arctic fox. In total 238 faecal samples were analysed; 80 faeces samples from the 

nature reserve of Hornstrandir in the Westfjords from the summer of 2020, 80 samples from 

Hornstrandir from 1999, and 78 samples from 2017-2018 from the northwest, the northeast 

and the southwest of Iceland. The aim of this study was to quantify plastic pollution in Arctic 

fox faeces in Iceland and compare findings of plastic in Arctic fox faeces in Hornstrandir in 

1999 and 2020 as well as other regions in Iceland in 2017- 2018. Frequency of occurrence was 

determined for all three sample groups, and was found to be similar in all three groups. The 

incidence rate of plastic and paper particles for all 238 samples was 5.04%, equalling 2 paper 

particles, 1 tar particle and 9 confirmed plastic particles in 238 samples. None of the samples 

contained more than one plastic item. Secondly, the highest average of mass and volume of 

plastic and paper particles were found in samples from 2020 in Hornstrandir, followed by 

samples from 2017-2018 from other regions in Iceland. Overall plastic occurrence was low and 

indicate that Arctic fox faeces analysis may not be an effective monitoring tool for plastic levels 

in Iceland. However, the ingestion rate of plastic of this species remains a serious concern and 

warrants further studies. Furthermore, studies into other coastal species would be crucial for 

future research to generate data on plastic pollution pathways. 
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Útdráttur 

Plastmengun í hafi er vaxandi vandamál sem hefur víðtæk áhrif á lífríki sjávar og strandsvæða 

á norðurhveli. Melrakkinn (Vulpes lagopus) er eina upprunalega landspendýr Íslands og neytir 

sjávarfangs, að miklu leyti. Tegundin gæti því verið hentug til að vakta stöðu plastmengunar í 

lífríki norðurslóða. Árið 2019 var gerð athugun á því hvort plast væri að finna meðal fæðuleyfa 

í mögum úr íslenskum refum (Skúladóttir 2019). Í þessari rannsókn er þeim niðurstöðum fylgt 

eftir með leit að plast í refasaur í því skyni að auka þekkingu á plastmengun í náttúru Íslands, 

með sérstakri áherslu á refinn en þetta er í fyrsta skipti sem leitað er í plasti í refasaur hérlendis. 

Í heildina voru 238 saursýni greind; þar af voru 80 sýni sem safnað var á Hornströndum 

sumarið 2020, önnur 80 sýni frá Hornströndum sem safnað var sumarið 1999. Til viðbótar voru 

svo 78 sýni sem safnað var árin 2017 og 2018 úr refum af norðaustur- og suðurlandi. Markmið 

rannsóknarinnar var að leggja mat á plastmengun í refasaur úr íslenskum melrökkum. Jafnframt 

að bera saman umfang plastmengunar í sýnum frá Hornströndum sem tekin voru árin 1999 og 

2020 annars vegar og af öðrum svæðum á Íslandi árin 2017 og 2018. Gengið var út frá því að 

1) plastmengun væri minni í sýnunum frá 1999 en í þeim nýrri, og 2) að plastmengun væri 

meiri utan friðlandsins en innan. Tíðni plastmengunar var svipuð í öllum þremur 

samanburðarhópunum, en plast fannst í 12 sýnum af 238, eða 5.04%. Ekkert sýnanna innihélt 

fleiri en eitt plaststykki. Þegar borinn var saman massi plasts annarsvegar og rúmmál plasts 

hinsvegar, reyndust sýnin sem tekin voru á Hornströndum sumarið 2020 vera með hæstu gildin 

í báðum tilfellum. Næst hæstu gildin voru í sýnum frá 2017 og 2018 af norðvestur- og 

suðurlandi. Í heildina var tíðni og umfang plastmengunar minni en það sem hefur fundist í 

sjávarlífverum. Niðurstöður þessarar rannsóknar benda til þess að refasaur sé kannski ekki 

hentugt mælitæki á plastmengun. Hinsvegar þyrfti að skoða betur meltingarferli plasts hjá 

tegundinni enda virðist plast brotna niður í meltingarveginum. Ennfremur þyrfti að athuga plast 

í fleiri tegundum til að kanna farleiðir plasts um fæðuvefinn úr sjávarlífverum í 

þurrlendistegundir. 
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In a village in between two countries,  

there lived an ageless woman. 

She taught me how to sit in silence  

Until wild birds came to feed from my open palms. 

Madeleine, this is for you. 
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1 Introduction  

From messages in a bottle to Jules Verne’s account of marine debris in his famous book 

Twenty Thousand Leagues under the Sea written in 1870, waste has accompanied 

humankind. With the evolution of industry, a shift from natural to synthetic material began, 

and thus the story of plastic. In the 1850s a metallurgist in the US added nitric acid to 

cellulose and created nitrocellulose: The first account of a thermoplastic half-synthetic 

polymer, a material whose shape could be moulded again and again with heat (Geyer, 2020).  

The first fully-synthetic invention of polymer comes from a Belgium chemist who combined 

phenol with formaldehyde to create a material known as Bakelite. Bakelite is a thermoset 

polymer that cannot be remoulded with heat and is still used today (Wagner, 2011).  

Did they know they would unlock the secret of making a material that would both be a 

blessing and a curse for generations to come? The very qualities that made plastic so 

important in our lives in the health sector, or in other industries given its plasticity its 

durability and facility to manufacture, made it also extremely difficult to get rid of, and the 

invention of this material was like opening a Pandora’s box. The negative impact plastic 

pollution has on wildlife, in case of ingestion or entanglement in plastic debris, is cause for 

concern and research has been done to increase an understanding of the sources and 

pathways of plastic pollution as well as how plastic affects organism’s health. 

Research on plastic prevalence in oceanic and terrestrial ecosystems suggests that many 

organisms show levels of plastics in their stomach or faeces (Kühn and Van Franeker, 2020).  

Records of plastic ingestion include zooplankton not more than a few millimetres in size, up 

to blue whales (Balaenoptera musculus; Baxter, 2009; Yu et al., 2020). Plastic entanglement 

is documented in equal measure for a wide variety of organisms, and especially larger marine 

wildlife such as cetaceans, elasmobranch and pinnipeds (Fossi et al., 2018a; Jepsen and De 

Bruyn, 2019; Parton et al., 2019). While an increased amount of research focuses on the 
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consequences of plastic pollution in marine wildlife, it is also important to monitor the 

effects of plastic pollution on terrestrial animals (Horton et al. 2017). 

1.1. Problem statement and aim of the study 

In 2019, the Environmental Agency of Iceland commissioned a report on Arctic fox (Vulpes 

lagopus) stomach content during the wintertime to measure plastic occurrence in their 

digestive tract (Skúladóttir, 2019). The study found that plastic was present in Arctic fox 

stomachs (see Fig. 1) and suggested the need to study plastics in Arctic fox stomach contents 

during the summertime, as well as further investigation on the whole digestive system. The 

study also recommended further investigation into the sources and plastic pathways from 

marine- to terrestrial animals such as the Arctic fox. The report further recommended regular 

monitoring of plastic levels in the environment to monitor the potential effects on the fauna 

and flora in Iceland.  
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Figure 1 Nylon thread found in the stomach of an Arctic fox, shot in September 2018 in the 

Westfjords (Skúladóttir, 2019). 

This study aims to contribute to this effort in quantifying potential plastic occurrences in 

Arctic fox diet and finding patterns of exposure as well as potential trends of plastic 

occurrences between 1999, 2017-2018, and 2020. Data is based on faecal samples, collected 

in the nature reserve of Hornstrandir in the summer of 1999 and 2020 as well as from faecal 

precursor samples collected from the intestines of legally hunted animals in the Westfjords 

and other regions of Iceland in the summer and the wintertime in 2017 and 2018. Coastal 

and inland dominated diet of the foxes will be compared to find potential pathways of 

exposure. Inland territories are located in the region of Árnessýsla, in the southwest of 

Iceland. All other samples are located in coastal areas such as the Westfjords, the southern 

parts of Iceland and the northern regions of Iceland.  

Faeces analysis is a non-invasive method of research that presents an alternative to necropsy 

or other more invasive research methods and has been used for diet analysis and plastic 

extraction in the past. Plastic in faeces in marine mammals has been documented primarily 

in studies on pinnipeds. The first accidental account of plastic in faeces of marine mammals 

was recorded in 1999 by McMahon in itinerant male Hooker’s sea lions (Phocarctos 
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hookeri), at sub-Antarctic Macquarie Island. In this study, 51 faeces samples were analysed 

and 11.5% contained plastic. In 2003 the first dedicated study on plastic in faeces was 

conducted in the same region on fur seals (Arctocephalus spp.) by Eriksson and Burton 

(2003). The study found 164 plastic particles in a total of 145 faeces samples. Hudak and 

Settle (2019) found four microplastic particles in a total of 161 faecal samples, of which 2 

out of 32 faecal samples from harbour seals (Phoca vitulina vitulina) samples and 2 out of 

129 faecal samples from grey seals (Halichoerus grypus atlantica) in southeastern 

Massachusetts, USA. Faeces samples were also analysed from northern fur seals 

(Callorhinus ursinus) in the USA, and researchers found 24 microplastic particles out of 44 

samples (Donohue et al., 2019). Fewer studies have analysed plastic occurrences in faeces 

in terrestrial mammals (Beriot et al., 2021; Das, 2020; Eriksen et al., 2021; Katlam et al., 

2020; Schwabl, 2019) and there is a lack of research on plastic in terrestrial mammals in 

Iceland.  

Nevertheless, the Arctic fox is mentioned within the framework of monitoring Arctic 

biodiversity by the Conservation of Arctic Flora and Fauna (CAFF), the Arctic Council's 

working group and listed the Arctic fox within the monitoring schemes of several birds such 

as waders and the Lapland bunting (Calcarius lapponicus; Christensen et al., 2013). In 2009, 

the IUCN listed the Arctic fox as a flagship species as it is highly vulnerable to loss of habitat 

to the red fox, and changes in the Arctic due to climate warming (IUCN, 2009). As such, the 

Arctic fox has been selected as a bioindicator to understand and detect long-term changes in 

Arctic biodiversity and ecosystems. Arctic fox populations and their wellbeing help 

understand critical processes occurring in the region (Christensen et al., 2013; Berteaux et 

al., 2017a). Studying the external factors that have a potential impact on Arctic fox health 

is, therefore, crucial to reveal the state of the resilience of the Arctic as a whole. 

1.2. Research questions 

The overarching research question guiding this thesis is whether Arctic fox faeces analyses 

represents a suitable approach to monitor plastic pollution in the Arctic environment. This 

study aims to quantify plastic in faecal samples and to detect potential trends in space and 

time.  
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To answer the above question, the following research questions arise:  

1. How much plastic can be detected in Arctic fox faeces? 

2. Are there any changes in plastic abundance and composition between 1999 and 2020 

in the same region? 

3. Can plastic abundance be related to seasonality? 

4. Do different methods of laboratory analysis influence plastic abundance?  

5. Can plastic abundance be related to certain regions in Iceland?  

6. Can natural diet be a factor for presence or absence of plastic, and if so, is terrestrial 

or oceanic prey indicative for greater plastic occurrences? 

This study establishes a novel method to combine plastic and diet analysis in the faeces of a 

terrestrial mammal in Iceland. It conducts comparative analysis between samples from 1999 

and 2020 and spatial comparisons between different regions in Iceland. Finally, this study 

sets out to evaluate potential trends between plastic ingestion and Arctic fox diet. This way, 

potential patterns can emerge, and questions related to factors of plastic exposure be 

revealed. These factors may influence the suitability of Arctic fox faeces as a monitoring 

tool for the pollution of the Icelandic environment. Factors that contribute to a successful 

selection of a suitable monitoring species were collated through literature review. Based on 

the results of the Arctic fox faeces analyses, a science-supported decision can be made by 

policymakers, whether Arctic foxes are a suitable monitoring program candidate for plastics 

in the Arctic environment. 
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2 State of knowledge 

2.1. Circumpolar Arctic fox distribution 

Arctic foxes are part of the family of Canidae of the genus of Vulpes despite being previously 

classified as the only species in the genus Alopex (Fuglei and Ims, 2008). Morphologically, 

the red fox (Vulpes vulpes), the most common species within the genus, shares some 

common traits with the Arctic fox, and both have a similar diet (Elmhagen et al., 2002). 

However, the red fox is considerably bigger and stronger than the Arctic fox, and in 

overlapping habitats, the red fox frequently over-competes and sometimes preys on its 

smaller relative. Arctic foxes have a circumpolar distribution, dominated by the Arctic 

tundra biome. Their habitat covers the Eurasian region, the Arctic, and islands such as 

Greenland and Iceland, North America, and the Arctic archipelagos of Siberia, Canada and 

the Bering Strait (Fig. 2; Fuglei and Ims, 2008; Berteaux et al., 2017a). 

 

Figure 2 Circumpolar distribution of the Arctic fox in light brown (Berteaux et al., 

2017b). 
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The IUCN (International Union for Conservation of Nature) lists the Arctic fox as a species 

of ‘Least Concern’ on a global scale (Angerbjörn and Tannerfeldt, 2014) although the 

Fennoscandian population is declining rapidly (Hersteinsson et al., 2007). This decline is 

due in parts to the expansion of the red fox with the warming of the climate but began with 

the overhunting of the Arctic fox because of the economic value of their fur (Angerbjörn 

and Tannerfeldt, 2014). Despite a long rehabilitation period of the Arctic fox of over 70 

years, this population has not recovered and is listed as ‘Endangered’ in Sweden, ‘Critically 

Endangered’ in Norway, and ‘Extinct’ in Finland (Landa et al., 2017). Recent conservation 

actions such as culling of red foxes, supplementary feeding and reintroduction of captive 

Arctic foxes from breeding stations may have increased chances of long-term rehabilitation 

of the Fennoscandian population (Hemphill et al., 2020). The Icelandic population of Arctic 

foxes’ benefits from a unique habitat where it is not endangered by loss of habitat by its 

relative the red fox (Elmhagen et al., 2017). Therefore, in Iceland the Arctic fox population 

has been considered comparatively stable with no major fluctuations (Pálsson et al., 2016). 

2.2.  Arctic foxes in Iceland 

Research on Arctic foxes in Iceland begun in the late 1970’s and focussed mainly on Arctic 

fox biology, ecology and behaviour (Hersteinsson, 1980, 1984; Hersteinsson and 

Macdonald, 1982). Natural processes such as population dynamics, breeding system, and 

diet were researched based on analysis of carcasses of legally killed foxes, and hunting 

records of Iceland that date back to 1958 with the establishment of the Wildlife Management 

Unit (Hersteinsson et al., 1989). Studies on the Icelandic fox population are still based on 

the same monitoring program, which uses hunting statistics and measured samples from the 

annual harvest. In the 19th century fox fur exports suggests that fox population density 

fluctuated considerably with peaks in density in the 1930’s and 1950’s. These fluctuations 

might be concordant with fluctuations in ptarmigan (Lagopus muta) population density 

cycles (Hersteinsson et al., 1989). Two main ecotypes of Arctic fox have been suggested to 

exist in Iceland: western/coastal, and eastern/inland type (Hersteinsson 1984; 

Unnsteinsdóttir et al., 2016; Pálsson et al., 2016). Arctic foxes rely on food from terrestrial 

and marine habitats, especially seabirds, and therefore may be a good indicator species for 
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potential transfer of plastics from oceanic biota to terrestrial biota (see Chapter 2.4. for 

further details on Arctic fox diet). 

2.3. General characteristics of the Icelandic 
environment 

2.3.1. Climate 

The climate and active volcanic activity are main drivers for the Icelandic environment 

(Tinganelli et al., 2018). Characteristics of Icelandic climate are a short period of 

productivity during the summer and a climate moderated by the Gulf Stream and the North 

Atlantic Oscillation (Pálsson et al., 2016). The extreme seasonality typical of Iceland is due 

to mild air from the Gulf Stream colliding with cold air from the Arctic (Icelandic 

Meteorological Office, n.d.).  Research suggests that these large-scale environmental 

processes may have an impact on Arctic fox metabolism mainly due to access to food 

resources and energy storage (Hersteinsson et al., 2009; Pálsson et al., 2016) 

2.3.2. Biodiversity 

Diversity of species in Iceland is linked to migration, speciation and extinction which are 

limited in Iceland due to its remote location in the northern latitudes as diversity of species 

decreases with latitude (Rosenzweig 1995). Abiotic factors such as a low ecosystem 

productivity and young ecosystems might play a role in the generally low diversity. 

Furthermore, extreme seasonality and unstable climate might make it difficult for species to 

diversify and adapt to local conditions effectively leading to low species richness 

(Rosenzweig 1995). In Iceland there are 490 plant taxa, and large areas of the landscape are 

only sparsely vegetated due to deforestation (Fig.3; Svanberg and Ægisson, 2010; 

Kristinsson, 2010). 
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2.3.3. Nature reserve of Hornstrandir  

Hornstrandir is the northernmost peninsula that lies in the Westfjords region of Iceland at 

66° north. It is a mountainous basalt-dominated area with deep valleys resulting from glacial 

erosion (Hjort et al, 1985). The temperatures and climate of the region are characteristics of 

a low-Arctic zone based on the oceanic temperature. An automated observational weather 

station in Hornbjargsviti measures the temperatures and wind direction since 1992. The 

station is situated in the vicinity of Hornvík where some of the samples were collected. In 

the summer the temperature varies between 4 and 10 degrees Celsius, and between -5 and 5 

degrees Celsius in the wintertime. In 2020, when the most recent samples were collected, 

there was limited snow coverage on the mountain passes such as in Hafnarskarð in June and 

July, at an elevation of 398 m (Mapcarta, n.d.). The region is dominated by a coastal ecotype, 

with homogeneous vegetative cover and botanical variety (Fig.3). Rainfall is not measured 

in this area as it is too remote to be serviced.  
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Figure 3 Typical landscape and vegetation in Hornvík, one of the sampling areas in 

Hornstrandir in the summertime. In the forefront there is a wild angelica plant (Angelica 

sylvestris), which is very common in this region. Photo: J. Kinni 

The nature reserve of Hornstrandir in the Westfjords is a large area in Iceland where hunting 

of Arctic foxes is prohibited, and human presence is limited to the seasonal visits of tourists, 

guides and locals as well as rangers that look over the area during the summertime. The area 

is only accessible by boat as there are no roads. During the wintertime, the nature reserve is 

mostly unvisited by humans as harsh winter conditions make human access to the reserve 

difficult. Since 2019 stricter regulations on land management and environmental 

conservation in the nature reserve have come into effect, followed by the conservation and 

managing plan for the nature reserve (Ólafsdóttir 2019). The new set of rules regulates the 

arrival of visitors as well as camping sites and cruise-ship landings. Per the new regulation, 

bird cliffs and other bird colonies are protected and may not be disturbed. 
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2.3.4. Arctic fox diet in Iceland 

Arctic fox diet has been investigated using prey remains on dens, scat analysis and stomach 

content analysis (Hersteinsson, 1984; Hersteinsson et al. 2000; Pálsson et al. 2016; 

Skúladóttir 2019). Stable isotope analysis have also been performed on bones to identify diet 

patterns over a longer period of time (Angerbjörn et al., 1994; Ellgutter et al., 2020). Arctic 

foxes have opportunistic feeding habits, however, diet of the two ecotypes varies slightly. 

Diet variations have been observed in different areas and seasons within the same ecotypes 

which could be linked to availability of prey species and climate. For this study, samples 

from Arctic foxes of Hornstrandir, the Westfjords and other areas in Iceland were 

predominantly of the coastal ecotype (Fig. 4).  
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Figure 4 Artwork depicting the diet of an Arctic fox of a coastal ecotype (Perra, 2016). 

Coastal Arctic fox diet in Iceland has been shown to consist largely of migratory birds and 

seabirds, such as the northern fulmar (Fulmarus glacialis; hereafter fulmar), guillemots 

(Alcidae), and the black-legged kittiwake (Rissa tridactyla; hereafter kittiwake), but also 

invertebrates and carcasses of larger mammals such as sheep (Ovis aries) and semi-aquatic 

marine mammals such as harbour seals (Phoca vitulina) that have been washed ashore 

(Hersteinsson and Macdonald, 1996). Studies of stable isotopes on bone collagen of Arctic 

foxes further confirms that coastal and inland foxes differ considerably in terms of main prey 

species (Angerbjörn et al., 1994; Ellgutter et al., 2020).  While marine resources are an 

important dietary source for coastal Arctic foxes, rock ptarmigan (Lagopus mutus) is an 

important food source for inland Arctic foxes (Ellgutter et al., 2020). This is further 
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corroborated by Angerbjörn et al. (1994) who looked at food remains at dens and found a 

dominance of marine prey species such as fulmars, guillemots, seagulls (Larus), and fish at 

coastal dens, and ptarmigan, passerines (Passeriformes) and geese (Anser) at inland dens. A 

previous study conducted on coastal Arctic fox diet in Ófeigsfjörður, in the northeast of the 

Westfjords, in the early 1980’s, found that almost 70% of Arctic fox faeces consisted of prey 

species from an oceanic origin (Hersteinsson and Macdonald, 1996). Another faeces analysis 

on winter food looked at main prey items in Iceland by regions, and concluded that in the 

Westfjords seabirds were one of the most common prey items (Fig. 5; Helgason 2008). Prey 

remains at fox dens in Hornstrandir in two surveys in 1999 and 2000 were dominated by 

fulmars, and guillemots (Hersteinsson et al. 2000). Ester Rut Unnsteinsdóttir has witnessed 

a shift from fulmars to kittiwakes as prey remains at fox dens in Hornbjarg (Ester Rut 

Unnsteinsdóttir, June 2020, personal communication). However, this is not the case in other 

regions that can be termed ‘inland ecotype’, where seabirds seem to be largely absent in 

Arctic fox diet and where sheep is a more common prey item in the Eastfjords, and 

invertebrates in northwest Iceland.  

 

Rodent populations in Iceland are limited to four species: the wood mouse (Apodemus 

sylvaticus), the house mouse (Mus musculus), the brown rat (Rattus norvegicus) and the 

black rat (Rattus rattus). Of these rodents, only the wood mouse lives in non-human 

habituated areas (Unnsteinsdóttir and Hersteinsson 2009) and has been described as part of 

Arctic fox’s diet (Hersteinsson 1984).  Lemmings (Dicrostonyx sp. and Lemmus sp.) are part 

of Arctic fox’s diet in Fennoscandia, Eurasia and North America (Roth, 2002). However, 

there are no lemmings in Iceland (Hersteinsson and Macdonald, 1996; Ellgutter et al., 2020).  
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Figure 5 Prey items of Arctic foxes in different regions of Iceland. Proportional frequency 

of occurrence of each prey item is shown. The total amount of prey items is indicated on the 

top of the bars (Helgason, 2008). 

2.4. Details of common prey species 

Among the foxes’ main prey species in Hornstrandir are fulmars and black-legged-

kittiwakes, and carcasses of both these species are frequently found in the vicinity of dens 

in the nature reserve (Hersteinsson et al., 2000; Ester Rut Unnsteinsdóttir, June 2020, 

personal communication). Therefore, both species are discussed here in more detail.  

2.4.1. Black-legged kittiwakes  

Black-legged kittiwakes are seabirds of the family of gulls (Laridae). In Iceland, they occur 

on the entire Icelandic coast (BirdLife International 2019). Kittiwakes nest in colonies on 

cliffs during the spring and summer in the northern hemisphere, and are distributed across 
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the North Atlantic, North Pacific and Arctic Ocean the rest of the time. During breeding 

season, they nest on steep cliffs with narrow ledges to avoid predators (CAFF, 2020).  Large 

breeding sites in Iceland are located at Hælavíkurbjarg and Hornbjarg (BirdLife 

International, 2019). Both these locations are also sampling sites from this study. Kittiwake 

population size has declined since the 1980’s causing it to be listed as a vulnerable species 

in the IUCN Red List of Threatened Species, and included in the OSPAR list of threatened 

and/or declining species and habitats (BirdLife International, 2019). This decline is partially 

due to the decrease of key prey species (CAFF, 2020; OSPAR, 2009). 

One of the earliest accounts of plastic ingestion in kittiwakes is from 1976 the study found 

polyethylene pellets and other plastic particles in kittiwake stomachs, collected off the coast 

of California in 1974 and 1975 (Baltz and Morejohn, 1976). More recently research in the 

Atlantic Ocean region has shown that anthropogenic litter has been found in nesting material 

of kittiwakes, as well as in their diet (Acampora et al., 2017; Hartwig et al., 2007).  

2.4.2. Fulmars  

Fulmars are tubenosed seabirds of the family of Procellariidae, and have a large distribution 

range, covering the Arctic Ocean (except parts of the Russian Arctic) and large areas of the 

North Atlantic and North Pacific. They are similar to the kittiwake in that they belong to a 

pelagic species and only come to land to breed on cliffs (Renner et al., 2013).  

Anthropogenic litter such as discarded fishing lines and other plastic items as well as hooks 

have been found in fulmar stomachs and extensive research on this species has shown that 

they are an ideal indicator species for plastics level in the environment for several reasons 

(Van Franeker et al., 2005). First, as surface-feeders and omnivores that forage exclusively 

at sea, they are particularly susceptible to ingestion of marine litter (Van Franeker et al., 

2011). Second, they have been studied continuously in the North Sea area since the 1980’s, 

making comparative studies in time possible (Van Franeker et al., 2011; Kühn 2020). 

Furthermore, their large distribution range allows extensive spatial comparison (Van 

Franeker et al., 2011). Most importantly fulmars do not regurgitate food regularly, therefore 

analyses of their stomach content give an indication of a longer time period compared to 
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stomach content analysis of gulls which only indicate diet of a brief time period prior to 

regurgitation (Van Franeker et al. 2011; Kühn 2020). 

The species is used to monitor plastic level in the environment in the northern latitudes in 

the framework of OSPAR (the Convention for the Protection of the Marine Environment of 

the North-East Atlantic). In Iceland, the northern fulmar is a good environmental indicator 

for plastic levels (Kühn et al., 2012; Snæþórsson 2018, 2019, 2021). However, the 

information on plastic pollution that this environmental indicator provides is limited to 

plastic pollution from the ocean surface, hence the environmental quality of terrestrial 

ecosystems is not reflected by this species. As one of their Ecological Quality Objectives 

(EcoQO’s), OSPAR has declared that the total mass of plastic in a fulmar stomach should 

not exceed 0.1 g in more than 10% of the fulmars, referred to as ‘EcoQO performance’ 

(OSPAR, 2019). ‘EcoQO’ is a monitoring objective that defines the amount of plastic litter 

ingested by seabirds as an environmental monitoring tool for the North Sea (Van Franeker 

et al., 2005, OSPAR 2015). Studies on plastic levels in the Canadian Arctic reported that 

this target level was almost as low as recommended (Mallory, 2008; Provencher et al., 2009). 

In Iceland 13% exceeded the OSPAR aim of 0.1 g between 2018 and 2020 (Snæþórsson, 

2021).  

2.5. Plastics: research, legislation and regulation  

2.5.1. International research on plastic pollution 

Plastic is a term describing several different types of materials that are either made from 

fossil fuels (such as crude oil and gas), minerals (salt) or what is called ‘renewables’ (sugar 

cane, starch, vegetable oils; PlasticsEurope 2019). As a versatile material, plastic is in 

demand in many sectors such as the building and construction sector, automobiles, 

electronics, fishing equipment and clothing (PlasticsEurope, 2019). This demand for a 

cheap, versatile and durable material leads to an accumulation of produced plastic at a fast 

rate. Consequently, plastic production has increased substantially for the past 50 years, 

gradually replacing glass and other materials as a cheaper, more versatile and more resistant 
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product. Global plastic production reached 359 million tonnes in 2018 (PlasticsEurope 

2019).  

Today, the term ‘the Plasticene’ or ‘the Plastic age’ has been coined to describe our love for 

plastics and the omnipresence of this material in our life (Baztan et al., 2017; Tiller et al., 

2019). The designation ‘plastic’ covers a broad range of material with different 

characteristics and production methods, making analysis of the polluting potential and 

hazard difficult. However, one of the definitions of the different categories of plastic is 

defined based on size, where plastics larger than 25 mm are categorized as ‘macroplastics’, 

plastic particles between 5 and 25 mm are defined as ‘mesoplastic’, whereas, plastic particles 

smaller than 5 mm are categorized as ‘microplastics’ (Arthur et al., 2009; Rocha-Santos et 

al., 2015; Verschoor, 2015). Differences in density, production mode, shape, or chemical 

additives are often not considered in the analysis of potential short- and long-term 

environmental damages of plastics. However, the physical and chemical properties are 

defining factors in plastics analyses (Gago et al., 2020).  

Research on plastic pollution started in the late 1960’s – 1970’s when researchers first began 

to report plastic particles in the ocean and in biota. In 1966, a study looked at plastic ingestion 

by Laysan albatrosses (Phoebastria immutabilis) at the Hawaiian Islands National Wildlife 

Refuge, and found that 90 out of 100 birds contained plastic in their stomach. They inferred 

that the plastic came from the surface of the sea and was fed by adult seabirds to their 

offspring (Kenyon and Kridler, 1969). Earlier accounts on plastic ingestion by seabirds 

include a study by Rothstein (1973) who reports plastic particle ingestion in Leach's storm-

petrels (Oceanodroma leucorhoa) in 1962 and 1964, indicating that the type of plastic 

floating on the surface probably already existed before the 1960s but that the techniques to 

analyse plastic particles were not developed prior to the 1960s with the invention of the 

Neuston net. These nets were used by Carpenter and Smith (1972), who reported the 

widespread presence of plastic particles in the Sargasso Sea with concentrations averaging 

290 plastic particles/ km2 over a distance of 3500 km in 1971.  The researchers warned that 

the amount of plastic in the marine environment was likely to increase in the future due to 

increased global production of plastics and insufficient waste-management schemes. Both 

Rothstein and Kenyon and Kridler suggest that the ingested plastic might lead to health 
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problems for seabirds by blocking their digestive tract, resulting in injuries or starvation. 

Rothstein and Carpenter further theorised that chemicals such as polychlorinated biphenyl 

might leach from the plastics into the water subsequently affecting seabirds (Carpenter and 

Smith, 1972; Rothstein, 1973). Today, research on fulmars 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 

measure (Kühn et al., 2020a).  

Around the same time in the 1980s, records on marine organisms entangled in plastic 

appeared. Fowler reports entanglement of northern fur seals (Callorhinus ursinus) as early 

as in the 1930s (Fowler et al., 1987). He infers that the increase of such entanglement from 

the 1960s onwards was due to the widespread use of plastic in fishing nets and packing bands 

as well as increased fishing efforts. Seabirds are also reported in relation to entanglement 

with lost or discarded fishing gear in the 1970s (Degange and Newby, 1980). Since then, 

entanglement has been recorded for a wide variety of marine species such as fish, seabirds, 

or marine mammals but also in coastal or terrestrial animals such as reindeers (Rangifer 

tarandus platyrhynchus) or polar bears (Ursus maritimus) (Bergmann et al., 2017; Kühn and 

Van Franeker, 2020; Laist, 1997). The consequences of entanglement range from sub-lethal 

damages such as tissue damage and impaired mobility, to lethal consequences such as 

breathing and feeding impairment (De Moura and Vianna, 2020; ; Kühn et al., 2015; Laist, 

1997).  

 

The number of publication on plastic ingestion and entanglement has rapidly increased (e.g. 

Provencher et al., 2017; Savoca et al., 2021). With increasing studies from all around the 

world, the lack of a standardised method becomes problematic in terms of data gathering, 

analysing, and reporting. This increases the difficulty of carrying out comparisons between 

studies, and to evaluate the overall state of plastic pollution. Research projects are working 

on establishing a protocol of research methods applicable to different species to facilitate the 

collaboration of different researchers and improve an understanding of the scale of the issue 

(Provencher et al., 2019). A harmonised approach studying plastics in biota, whereby 

standard procedures and methods are used, would also enable researchers to give better 
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policy-recommendations and address larger environmentally-relevant questions related to 

plastic pollution and its consequences on organisms in the long-term (Provencher et al., 

2019).  

2.5.2. European legislation and regulation  

The widespread damage plastics causes prompted its inclusion into policies ranging from 

international agreements and projects to national regulation. Intergovernmental 

organisations are most efficient in coordinating monitoring and data gathering efforts that 

cross national borders and make research on ecosystems and biodiversity comparable and 

more reliable.  

OSPAR is a co-operation of 15 governments, including Iceland and the EU, with 

biodiversity and marine ecosystem conservation at its core. The OSPAR Convention covers 

the Arctic Waters, the Greater North Sea, the Celtic Sea, the Bay of Biscay, the Iberian 

Coast, and the wider Atlantic. OSPAR provides the organizational context to co-ordinate 

research efforts and data gathering on marine ecosystems, biodiversity, and human pressures 

to tackle issues such as plastic pollution and over-exploitation of marine resources. Its 

guidelines are legally binding for all contracting parties. OSPAR runs a research monitoring 

project on plastic pollution in the North-Atlantic using fulmars as bioindicators (Van 

Franeker, 2005). 

The Marine Strategy Framework Directive (MSFD) is a project held by the European 

Commission and all member states as well as EFTA countries of which Iceland is a part of. 

Its aim is the development of common scientific and technical understanding of the general 

implications of plastics in the environment. This framework includes monitoring 

programmes as well as indicators and targets. The need for standardized protocols and 

methods stands out in this framework, and further research on plastics and monitoring tools 

is recommended (Avio et al., 2015).  

In 2018, the European Commission and Parliament adopted the ‘European Strategy for 

Plastics in a Circular Economy’ to address the way in which plastic is manufactured, used, 

and disposed (European Commission, 2018). In 2019 a directive was adopted by the EU 
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Commission and the Parliament on the reduction of the impact of certain plastics on the 

environment. The directive does not formally include microplastics in their framework It 

does, however, stress the need for producers to limit the production of microplastics and 

urges the European Union to adopt a comprehensive approach to tackle the problems caused 

by microplastics (European Parliament and European Council, 2019). The same year the 

European Parliament voted on a ban of certain products of single-use plastics such as single-

use plastic cutlery and plates as well as plastic straws, which takes effect in 2021.  

Efforts to reduce the manufacturing and disposal of plastics have also been implemented on 

a national level in Iceland, in line with European guidelines. It is unclear how efficient these 

methods to reduce plastic pollution in the long-term are, as the EU did not direct efforts into 

the waste-management scheme of plastic which is one of the sources of plastic pollution 

(Herberz et al., 2020). 

2.5.3. Plastic in Iceland  

The Icelandic Parliament has approved an amendment to the Act on Hygiene and Pollution 

Prevention which forbids certain single-use plastic products on the market starting on the 3rd 

July 2021 (Stjórnarráð Íslands, 2020). The amendment further states a full ban on ‘oxo 

degradable plastic’, which is plastic with a chemical additive accelerating the fragmentation 

process into microplastic that stay in the environment (Stjórnarráð Íslands, 2020). 

The biggest challenge to plastic production is its waste-management scheme and it is 

essential to analyse how plastic is reused or disposed of. In 2014, Iceland generated nearly 

800,000 tonnes of waste of which 5,550 tonnes was plastic waste, according to Statistics 

Iceland (2016). A study from 2015 looked at mismanaged plastic waste and estimated the 

potential annual input of it by populations living within 50 km of the ocean (Jambeck et al., 

2015). They defined mismanaged as either littered or inadequately discarded waste. In 

Iceland, the index is comparatively low, and the estimated mismanaged plastics available to 

enter the sea is estimated to be less than 0.01 million metric tons in 2010 (Jambeck et al., 

2015).  
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Factors that could lead to an increase in plastic waste include population growth and 

industry. According to Statistics Iceland, the Icelandic population is expected to increase 

from 364,000 to 461,000 in the next 50 years (Statistics Iceland, 2020). The amount of waste 

is likely to increase proportionally. OSPAR has established a beach litter monitoring tool to 

evaluate the scope and evolution of waste washed ashore. Two of the monitored beaches are 

located in the Westfjords, of which one is located in Hornstrandir, at Rekavik bak Höfn. The 

beach faces the direction of northeast and is approximately 400 metres long (OSPAR, n.d.). 

At this location the litter washed ashore from 2017 to 2019 was mostly plastic, and there is 

a sharp increase in anthropogenic debris washed ashore (Fig. 6; Environment Agency of 

Iceland, 2020). This beach lies within the sample area of this study.  

 

Figure 6 Categories of litter washed ashore in Rekavík bak Höfn in 2017, 2018 and 2019. 

In 2017, in total 678 plastic items were found on this beach compared to 335 items in 2018 

and 1881 items in 2019 (Environment Agency of Iceland 2020). 

2.5.4. Previous research on plastic ingestion by Icelandic biota  

Research projects that have looked at plastic ingestion in Icelandic biota have focused on 

fish species, bivalves and seabirds. There is only one study that investigates the abundance 

of microplastics in Icelandic invertebrates, which in this case are blue mussels (Mytilus 

edulis; Halldórsson and Guls, 2018). This study is based on a sample size of 121 blue 

mussels from Southwest Iceland, Snæfellsnes (between south Iceland and the Westfjords), 

and the Westfjords. Microplastic fibres were found in 40 to 50% of the blue mussels, in each 
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region, with a total of 76 microplastic particles found. With regards to plastic in fish, three 

studies are available. In 2020, Akoueson et al. reported 0.7 microplastics/g fish tissue for ten 

European plaices (Pleuronectes platessa). Another study from 2020 that looked at 

microplastics in saithe (Pollachius virens) and cod (Gadus morhua), found microplastic 

particles of similar amounts in both species, with 7.7% of microplastic fragments in 39 cod 

individuals and 8.7% in 46 saithe individuals (de Vries et al., 2020). A more recent study 

from 2021 found that 6% in 50 samples from Atlantic mackerel (Scomber scombrus) and 

2% in 40 samples of blue whiting (Micromesistius poutassou) contained plastics (Malinen, 

2021).  

In Iceland, more extensive research has been conducted on fulmars. The first record reports 

plastic in 79% out of 58 fulmars (Kühn and Van Franeker, 2012). In 2013 and 2014 a higher 

incidence of 90% plastic was reported in 40 fulmars (Trevail et al., 2015). Since 2018 a 

monitoring program has been started where annual fulmar samples are collected and 

analysed. Reports on plastic levels in fulmars show that between 2018 and 2020, 67% of 

fulmars contained plastic within a sample size of in total 121. In 2018 69.8% of 43 

individuals contained plastic, 64.2% of 53 individuals contained plastic in 2019, and 68% of 

25 individuals in 2020 (Snæþórsson 2018, 2019, 2021).  

Studies on plastic ingestion in marine mammals in Icelandic waters are scarce and usually 

plastics were found accidentally when studying natural diet. In 1987, one study reported the 

plastic ingestion in a mature sperm whale hunted off the coast of Iceland. During the 

necropsy a large 11 litre plastic bucket was found partially obstructing the small intestine 

(Lambertsen and Kohn 1987). Sadove and Morreale (1990) report that 6 out of 82 Fin whales 

(Balaenoptera physalus), caught in Icelandic waters contained plastics, but do not provide 

any further details. 

Data on plastic ingestion in terrestrial mammals is equally insufficient. One study from 2019 

looked at plastic in Arctic fox stomachs in Iceland and found large pieces of plastic as well 

as rope fragments. The study reports that 4% of 125 Arctic fox stomachs contained plastic 

with an average amount of 0.36 plastic particles and an average plastic weight of 0.1736 g 

(Skúladóttir, 2019). As of now, no data is available on other terrestrial species. All these 
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aforementioned studies confirm the fact that plastic pollution is present in higher latitudes 

across different trophic levels, which further studies might confirm.   
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3 Methods and materials  

In line with efforts of previous research projects on plastic ingestion by (marine) megafauna 

this study uses the same protocol of analysis, characterization and data collection as 

recommended by Van Franeker et al. (2011), OSPAR (2015), and Provencher et al. (2017). 

Methods for this thesis included field sample collection, dissections, laboratory analysis for 

the extraction of potential plastic particles, and diet analysis. Chemical analysis was done 

with Fourier Transform Infrared spectroscopy (FTIR) for the identification of plastic 

particles extracted from the samples. Data processing and calculations were done using 

Excel, JMP and Rstudio. This study is based on data derived from samples that can be 

categorized in three distinct categories: 

1. Faeces collected in 2020, in the Westfjords with a focus on the nature reserve of 

Hornstrandir (Fig. 7). 

 

2. Faeces from 1999 from the region of the nature reserve of Hornstrandir (Fig. 7). 

 

3. Faecal precursors from 2017 and 2018, from dissections of dead animals from other 

regions in Iceland (Fig. 7), with a focus on the northeast, the Westfjords and 

southeast. 
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Figure 7 Maps of sampling locations. Samples from 1999 are depicted in blue (n=80), 2017-

2018 in green (n=78), and samples from 2020 are shown in yellow (n=80). The top map 

shows all sample locations spread over Iceland. The bottom left map focuses on the 

Westfjords while the bottom right map zooms in on the northern Hornstrandir region, where 

most samples for this study were collected (Google Earth 2021). 
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3.1. Field sample collection  

Faeces samples were collected in 2020 from the regions of Dynjandi waterfall, Ísafjarðarbær, 

and the nature reserve of Hornstrandir in the Westfjords. Collection time of samples was 

during the months of May, June and July 2020 and occurred between 10 am and 8 pm so as 

limit disturbance of Arctic foxes’ pups feeding time.  

Handling of the samples was done with wooden apparatus after visual recognition of Arctic 

fox faeces on site. A photo was taken of the sample which was saved along with the GPS 

location with the software GAIA GPS navigation. With this software a unique number was 

attributed to each biota sample along with any noteworthy details such as vicinity to a 

carcass, traces of feathers, and potential plastics. The unique sample number indicates the 

number of the site where the sample was collected, the number of the sample and the date. 

The sample was then wrapped in aluminium foil and kept separately in paper bags in batches 

of 10. Each aluminium wrap was also labelled with the sample number. The paper bags were 

also labelled chronologically after time and date of sampling and processed in the same 

order. A total of 120 samples were collected using this method and kept in a freezer at -18 

⁰C. Due to time restrictions, the first 80 out of 120 samples were analysed.  

Faeces from 1999 were collected at known den sites in the same region of Hornstrandir, 

mainly in areas surrounding Hornvík, ranging from the bay Rekavík to Hornbjargsviti. 

Samples from 1999 were collected in a similar fashion as those from 2020 and kept in closed 

paper bags at -20 ⁰C in the freezer at the Icelandic Institute for Natural History (IINH). For 

this study, 80 samples from 1999 were analysed. 

Faecal precursors from 2017-2018 come from the Westfjords, the Northwest, the Northeast 

and the Southwest of Iceland from dead Arctic foxes received from hunters. These samples 

were collected in the summer and in the winter. For the purposes of this study the 

summertime was defined as the period between April and September, and the wintertime 

from October to March. These samples were stored in the laboratory of the IINH. During 
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the dissection in 2020, the faecal precursor (last part of the colon) was removed and kept in 

plastic bags labelled with a unique sample number. These samples contain additional 

demographic information, such as sex, age and social status of the fox (breeding or non-

breeding) that were acquired during the dissections. For this thesis, 78 faecal precursors were 

analysed. Both the samples from 1999 as well as the faecal precursors from the dissections 

were kindly provided for this study by the scientific collection from the Arctic fox 

monitoring program at the IINH in Reykjavik.   

3.2. Laboratory analysis  

All samples were shipped from Reykjavik to the laboratory of the marine institute 

Wageningen Marine Research (WMR) in Den Helder, the Netherlands, for laboratory 

analysis. Upon arrival, all samples were stored in a freezer at -20 ⁰C.  

3.2.1. Plastics extraction using enzymatic digestion 

Plastic ingestion studies cannot always rely on visual recognition of plastics due to varying 

amounts of organic matter impairing the identification of potential plastics. Therefore, prior 

chemical ‘cleaning’ is recommended (Dehaut et al., 2016; Kühn et al., 2017). Many different 

methods of chemical cleaning prior to plastic extraction from organisms have been 

developed: plastics extraction using alkaline chemical reaction, plastics extraction using 

acidic chemical reaction and plastic extraction using enzymatic reaction. All these methods 

intend to dissolve organic tissue from the sample, but leave plastics intact (Dehaut et al., 

2016). Previous research on plastic detection in organisms has shown that potassium 

hydroxide solution (KOH) was the preferred approach to detect plastics and has been used 

in fish, seabirds and marine mammals (Lusher et al., 2016; Kühn et al., 2017; Besseling et 

al., 2015). However, the disadvantage of KOH is, that hard dietary remains that are critical 

to identify and quantify natural prey dissolve as well. As the aim of this study combines 

dietary and plastic identification, KOH dissolution was not the chosen approach. This study 

therefore used the enzymatic digestion for the combined plastic detection and diet analysis.  
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Enzymatic digestion of samples is done using a protein that breaks down organic matter 

without deteriorating prey remains. It is a milder process that dissolves only soft tissue. For 

the enzymatic digestion the washing detergent Biotex (Sara Lee H and HB Nederland B.V), 

was used, which has been applied in previous studies analysing plastic ingestion in marine 

mammals (Bravo Rebolledo et al., 2013; Besseling et al., 2015). Tests were done using 

different quantities of Biotex. Best results in terms of facility to sort through organic matter 

in the sample and ability to visually inspect prey items, were achieved with 3 g/L.  

Achieving digestion of organic material without deteriorating solid organic material such as 

bones, feathers or fish lenses were key to these analyses.  

3.2.2. Sample processing 

Each sample was thawed in their collection wrap for one to two hours at room temperature. 

The faecal precursors samples were cut open with forceps and scalpel and the faecal matter 

was removed. All samples were weighed with a scale of a precision of four decimals 

(Sartorius 1702MP8 Göttingen, Germany) and placed in amber glass vials with a solution of 

water and Biotex (3g/L).  The samples were kept in this solution in a shaking bath (Julabo 

SW23) at 40 ⁰C for a minimum of 48 hours, and were shaken at 120 revolutions/min (Fig. 

8). They were then rinsed over a sieve of 300 μm with fresh tap water to remove Biotex and 

the dissolved soft organic material and to rinse the diet contents of each sample. In some 

samples the faecal precursor was empty. In these cases, they were still washed out over the 

sieve of 300 μm, and analysed under the microscope after enzymatic reaction in the shaking 

bath. After sieving, the cleansed and rinsed samples were transferred to a Bogorov counting 

chamber for microscopic analysis (Zeiss Discovery V8 stereomicroscope with maximum 

50x magnification, Göttingen, Germany).  
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3.3. Diet identification  

Hard prey remains such as bones, feathers, and beaks and non-food remains such as wood 

and stones were separated, counted under a microscope and stored separately on 70% 

Ethanol after laboratory analysis. If possible, each diet items was categorized as either 

terrestrial, marine, or a mixture of both. If the origin of the prey item was unclear, the 

category ‘unknown’ was assigned. Prey remains were identified to the lowest taxonomic 

level possible, and were double checked with experienced researchers. Samples of botanical 

prey remains were sent to specialist researchers for identification.  

Colours, type and size of feathers were noted. Feather identification was attempted by their 

barbs and barbules. However, identification of bird species was not successful and too time-

consuming within the time frame of this thesis. For marine prey remains such as fish, 

identification was made based on otoliths structure and appearance and vertebrae appearance 

and size according to Härkönen (1986) and Camphuysen and Henderson (2017). Bivalves, 

Figure 8 The samples remain in a shaking bath at 40 ⁰C for minimum 48 hours. 
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and crustaceans were identified by colour and appearance. Echinacea were identified with 

hard-shell fragments and spikes. Crowberries (Empetrum nigrum) were identified based on 

their shape and seeds. No other plant material could be identified to species level. 

3.4. Plastic identification and characterisation 

Samples were analysed using the microscope for plastic identification and extraction. To 

check accuracy of plastic identification different measures were applied. Indication for 

plastic identification was the absence of cellular growth structure (Hidalgo-Ruz et al., 2012; 

Provencher et al., 2017). Intense colours of particles were also indicative of potential plastic 

identification. Some particles were dropped in water to check for buoyancy, as common 

plastic types have a lower density than water. Each potential plastic particle was double-

checked by an experienced researcher.  

Plastic particles were then rinsed, cleaned and left to dry in a glass petri-dish for at least 24 

hours in line with suggestions from Provencher et al. (2019). To allow comparison with 

plastics in fulmars, plastic analysis and subsequent data extraction were performed according 

to the method of Van Franeker et al. (2011). Plastic items were further categorised into 

industrial pellet, sheet, thread, foam, fragment, other plastic and rubbish (e.g., tar, paper, 

aluminium foil, etc.). For details of each category please see Annex A.  

Particles were counted and weighed with 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. All 

plastic items were photographed under the microscope (AxioCam MRc with AxioVision 40 

V4.8.2.0 software). Colours were defined by comparing the plastic particle with a colour fan 

including 211 different colours of the internationally standardized RAL system.  

3.4.1. Fourier-transform infrared spectroscopy (FTIR)  

For this study, Fourier-transform infrared spectroscopy (FTIR) was available and applied to 

identify the specific polymer type. The advantage of FTIR is the low plastic particle amount 

needed for the identification and its non-destructive application (Araujo et al., 2018). The 
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benefit of this method is the possibility to do more research on the plastic particles after 

FTIR identification.  

 

 

 

Figure 9 Schematic representation of FTIR functioning (Titus et al., 2019) 

For this study, the analyses of plastic particles were performed using the Shimadzu IRSpirit 

which can identify plastic > 0.5 mm. The plastic particle is placed under a laser and the 

reflected light results in a spectrum (Fig. 9) which is compared with known spectra from an 

internal Shimadzu library. The machine compares the degree of overlap between the 

spectrum from the sample to the spectrum of the most similar polymer type from the library. 

Results of overlap are expressed as a match score from 0% (no overlap) to 100% (total 

overlap; Kühn et al., 2020b). A match score threshold of 80% was accepted in line with 

recommendation by Kühn et al., (2020b). For each item, 45 scans were performed and 

spectrum was measured between 400 and 4000 nm. Regular background scans were 

performed to correct for potential changes in the environment (CO2, humidity) as they may 

impact the spectrum.  
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3.4.2. Contamination prevention 

Secondary contamination such as fibres depositing on the samples while exposed to air may 

contribute to an overestimation of the identified plastics in biological samples. Airborne 

fibres are thread-like plastic items that generally come from textiles or furniture (Tanaka and 

Takada, 2016). They can be differentiated from other threadlike microplastic particles 

because of their smaller size and dust-like appearance, Tanaka and Takada (2016) defined 

their diameter to be ≤ 50 μm. These fibres have been found in all compartments of the 

environment including areas that were considered as pristine (Bergmann et al., 2019, 

Cunningham et al., 2020). As the faeces of Arctic fox collected for this study have been 

exposed to the air for an uncertain amount of time, fibres from the environment may have 

contaminated the samples to an unknown extent. Even if strict contamination mitigation 

measures or controls would have been applied during laboratory analysis and dissection, an 

uncertain amount of contamination would have been expected. Consequently, fibres were 

not registered for this study, as it was previously done by e.g.  Foekema et al. (2013) and 

Kühn et al. (2018, 2020c). 

Contamination of non-fibrous plastics was avoided where possible. Samples from 

Hornstrandir both from 1999 and 2020 were wrapped in Kraft paper envelopes. Samples 

from 2017-2018 were stored in clean laboratory plastic bags. All plastics in the samples were 

checked for similarity with the material used. As the faecal samples from 1999 were bagged 

in paper bags for a considerable amount of time, special consideration had to be given to the 

samples during the thawing process as pieces of paper sometimes stuck to the samples. 

Therefore, during microscopic analysis, secondary contamination of paper was taken into 

consideration and was removed from final results.   

3.4.3. Data processing and statistical analysis 

Data storage and processing were done using Microsoft Excel. Statistical tests were 

performed in JMP (JMP, 2020). Statistical significance was accepted when p≤0.05. Due to 

the limited occurrences of plastic particles found in Arctic fox faeces a nonparametric test 

was applied to test different distributions as the small sample size made assumptions of 
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normality impossible. The Mann–Whitney U test was performed to compare the data on 

plastics found in terms of differences of mass and volume. 

The overarching research question of the Arctic fox's suitability as an indicator species to 

monitor plastic levels in the Icelandic environment was addressed by extracting 6 essential 

criteria from relevant literature and comparing these with available data on Arctic foxes in 

Iceland. 

To answer the above-mentioned Research Questions different data analyses were conducted: 

• RQ1: To calculate the Frequency of Occurrence (%FO) of plastic in Arctic Fox 

faeces and faecal precursors, the proportion of positive samples is calculated and 

expressed as percentage. Mean number and mass are presented and include all 

samples (also the zeros). As the mass of the faeces and faecal precursors varies, the 

average mass of plastic per gram of faecal matter are also given. The results include 

the outcomes of each sample group separately and all samples combined. 

• RQ2: To calculate potential temporal variation in plastic abundance in faeces, 

samples from 1999 and 2020 were used. Statistical analysis was performed using the 

Mann–Whitney U test to compare the plastic number, mass and volume in both 

sample groups. 

• RQ3: To analyse seasonality as a potential factor influencing plastic levels in faeces, 

frequency of occurrence from the samples from the summertime (n=185) were 

compared with the frequency of occurrence of samples from the wintertime (n=53). 

These samples include data from 1999, 2017-2018, and 2020.  

• RQ4: To extract potential differences in methods samples from faecal precursors 

from 2017-2018 were compared to samples from faeces from 2020 and 1999. 

• RQ5: To analyse potential regional differences in plastic occurrences in Arctic fox 

faeces data from each sampling region was compared. Regions included samples 

from the Westfjords (n=196), from the northeast of Iceland (n=7), from the southwest 

of Iceland (n=30), and from the northwest of Iceland (n=7).  
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• RQ6: To calculate potential correlations between plastic occurrences and diet, 

dominant prey species for each region was analysed and diet in samples where plastic 

was found. Diet with a dominance of maritime prey was compared with a mixed diet 

and diet with a dominance of terrestrial prey items. Finally, for all three sampling 

dates, the general predominant prey species were extracted.  
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4 Results  

This study aimed to quantify the frequency and quantity of plastic in Arctic fox faeces and 

potential patterns of exposure. Several factors with the potential to influence the presence of 

plastic in Arctic fox faeces (e.g., temporal or spatial trends) were examined.  

4.1. Abundance of plastic ingested by Arctic foxes 

Plastic occurrences were counted and compared for all three sample groups, and 238 samples 

in total were analysed. Samples include faeces from 1999 (n=80) and 2020 (n=80) and 78 

faecal precursors from 2017-2018. The incidence rate of plastic for all samples was 5.04%, 

equalling 12 plastic particles in 238 samples. None of the samples contained more than one 

plastic item.  

Of the samples from 2020, 6.25 % of 80 faeces samples contained plastic, 5% of the 80 

faeces samples from Hornstrandir in 1999, and 3.84% of the 78 faecal precursor samples 

from 2017-2018 contained plastic particles (Fig. 10).  Although similar in frequency of 

occurrence, most plastic items were found in faeces from Hornstrandir in 2020, followed by 

faeces from the same area in 1999 and finally faecal precursors from other regions in Iceland 

from 2017-2018. Foxes from all sample groups ingested on average 0.050 items/sample, 

with an average mass of 0.0047 g/sample. The average number, and mass for all study groups 

separately can be found in Table 1.
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Table 1 Overview of plastics found in Arctic fox faeces by different study groups. Given are 

total sample numbers, the frequency of occurrence (%FO), the mean number and mass of 

plastics and the percentage of plastics in terms of mass. 

 

 

Figure 10 Frequency of occurrence of plastics ingested by Arctic foxes. Data is split in 

samples from Hornstrandir in 1999 and 2020 as well as samples from 2017-2018 from other 

regions in Iceland. 

Plastic particles from Arctic fox faeces included three sheets, three fragments, as well as 

three items categorized as ‘other plastic’. Two items were categorized as ‘paper’ and finally 

one as ‘tar’. Photos of all plastic particles can be found in Annex B. Plastic particles ranged 

from 0.5 mm to 89.6 mm maximum length. Of the 12 items, 5 were categorized as 
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1999 80 4 5.00% 0.050 0.00005 0.0065 134.5036 0.0048% 

2020 80 5 6.25% 0.063 0.00287 0.8785 306.1366 0.2870% 

2017/2018 78 3 3.84% 0.038 0.00060 0.2313 387.0271 0.0598% 
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microplastics, 4 as mesoplastic and 3 were larger than 25 mm and can be categorized as 

macroplastics. The smallest particle measured approximately 0.5 x 0.3 mm. Colours were 

varied and ranged from transparent, to black, grey, white, blue, beige, brown and yellow. 

Details for all individual plastic items are presented in Table 2. Of the 12 items found, 2 

were acrylic, and 2 polyethylene representing respectively 17% of the total number of 

encountered plastics (Fig. 11). Besides plastic, cellulose was identified for two particles, 

equalling again 17%. One of the items identified as cellulose was a large piece of paper of 

the same appearance than toilet paper. This was also the largest particle measuring 89.6 mm 

x 58.8 mm. One additional particle was identified as micro fibrillated cellulose based on 

FTIR analysis. This item was a fragment of tar mixed with fibres. The smallest item could 

not be identified with FTIR, the plastic composition therefore remains unclear. 

 

Figure 11 Type and number of 12 polymer particles found in Arctic fox samples (PE: 

Polyethylene, ABS: Acrylonitrile butadiene styrene, EVA: Ethylene-vinyl acetate, PP: 

Polypropylene). 
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Table 2 Details on plastics and paper found in this study. From left to right, dimensions, 

match score of FTIR analysis, identified polymer type, colour and plastic category. 

Sample

-group 

Mass 

(g) 

Lengt

h 

(mm) 

Widt

h 

(mm) 

Heigh

t 

(mm) 

% 

Match 

score 

FTIR 

Polymer 

type 
Colour 

Category

* 

2020 
0.008

8 
10.1 6.4 0.7 88.1 

Microfibr. 

cellulose 

brown 

grey 
TAR 

2020 
0.584

9 
60.9 47.0 11.5 88.5 Polyester 

grey 

white 
POTH 

2020 
0.281

4 
28.4 15.0 3.7 87.4 EVA 

signal 

black 
POTH 

2020 
0.001

7 
5.1 0.5 0.1 87.5 Cellulose 

traffic 

white 
PAPER 

2020 
0.001

7 
5.7 2.1 0.3 90.3 PP 

oyster 

white 
FRAG 

1999 
0.003

9 
3.6 2.3 1.1 94.5 PE 

light 

ivory 
FRAG 

1999 
0.000

1 
0.5 0.3 0.1 / No ID 

gentian 

blue 
SHE 

1999 
0.000

3 
1.8 1.1 0.4 94.7 PE 

sand 

yellow 
FRAG 

1999 
0.002

2 
2.7 2.1 1.4 93.3 Acrylic silk grey POTH 

2017-

2018 

0.000

1 
3.1 1.0 0.1 93.3 ABS 

signal 

white 
SHE 

2017-

2018 

0.000

1 
7.8 4.6 0.2 93.9 Acrylic 

transpare

nt 
SHE 

2017-

2018 

0.231

1 
89.6 58.8 0.4 91.7 Cellulose beige PAPER 

*SHE: sheet; FRAG: fragment; POTH: other plastic; TAR: tar; PAPER: paper.                         

For details of plastic categories see Annex A 
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4.2. Temporal variation 

The samples analysed cover a time span of several years from different decades. Therefore, 

potential changes throughout time were analysed by comparing faecal samples from 

Hornstrandir from 1999 and 2020. Faecal precursors were excluded from this analysis as 

differences due to analytical approach may influence the results. While both the mass and 

the volume of plastic in 2020 were slightly higher compared to the mass of plastics in 

Hornstrandir in 1999, they did not approach significance with p= 0.4587 for the volume and 

p= 0.6974 for the mass. Additionally, plastics found in 1999 displayed a smaller variety in 

terms of size, with maximum dimensions ranging from 0.5 mm to 3.6 mm, than samples 

from 2020 ranging from 5.1 mm to 60.9 mm (Fig. 12).  

 

 

Figure 12 Volume (cm3, left) and mass (g, right) of the plastic in Hornstrandir in 1999 

(n=80) and 2020 (n=80). 
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4.3. Methodical variations 

Faeces were used for 160 samples both from 1999 and 2020, while faecal precursors were 

used for 78 samples from 2017-2018. The latter implied a different process and 

methodology. Plastic occurrences in faecal precursors of 2017- 2018 were the lowest with a 

%FO of 3.84%, however, the difference was minimal. It seems that the choice of method 

(faeces or faecal precursor) does not influence the results.  

4.4. Seasonal variations 

Of the 238 samples 53 were from the wintertime, whereas 185 samples were from the 

summertime. Samples from the wintertime were exclusively from 2017-2018 and were 

compared to samples from the summer 2017-2018, 2020, and 1999. These could be 

compared as it was previously demonstrated that method of analysis did not influence results 

(see chapter 4.3.).  All three plastic particles found in samples from the 2017-2018 group 

were collected during the wintertime (Table 1). The frequency of occurrence of plastic in 

samples from the wintertime was 5.66% with an average of 0.056 items per sample. 

Similarly, in the summer the frequency of occurrence was 4.86% with on average 0.048 

items per sample. Average mass and volume of plastic in the wintertime was 0.0044 g, 0.036 

cm3 and 0.0048 g, and 0.078 cm3 in the summertime. No significant difference was 

extracted in terms of the number, mass and volume of plastic particles found in the two 

sample groups with p-values > 0.05. Therefore, seasonality was not found to influence 

plastic occurrence significantly in this study. 

4.5. Regional variations 

To extract potential trends in terms of regional differences data from the Westfjords from 

2020 and 1999 (n=160) was compared with data from 2017-2018 (n=78) from the northwest, 

the northeast and from the southwest of Iceland. Plastic was found in all the sample regions 

except for the northwest region (Table 3 and 4).  
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Table 3 Location, region, and, sampling date of all samples that contained plastics 

Location Region Date  

Straumnesdalur Westfjords 1.6.1999 

Skáladalur Westfjords 1.6.1999 

Skáladalur Westfjords 1.6.1999 

Fljótavík to 

Hlöðuvík 
Westfjords 1.6.1999 

Hrunamannahreppur S - Iceland 15.1.2018 

Strandir E - Iceland  16.10.2017 

Kelduhverfi E - Iceland  15.3.2018 

Hornvik Westfjords 28.4.2020 

Ísafjarðarbær Westfjords 25.5.2020 

Dynjandi Westfjords 31.5.2020 

Hornstrandir Westfjords 23.6.2020 

Hornstrandir Westfjords 23.6.2020 
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Table 4 Sample numbers, plastics found in number and frequency of occurrence and average 

number of particles per samples and gram of plastic per samples per region.  

  Westfjords Northwest Northeast Southwest 

n sample 196 7 5 30 

n plastic 10 0 1 1 

%FO 5.10% 0.00% 20.00% 3.33% 

avg. n/sample 0.051 0 0.2 0.033 

avg. 

gr/sample 0.27 0 0.19 7.9E-07 

 

4.6. Ecotypes and diet variations 

Sampling efforts covered four regions: the Westfjords, Northwest, the Northeast, and the 

Southeast of Iceland. Dominant prey species of each region were analysed to extract 

potential trends with regards to plastic occurrences (Fig. 13.). Prey items were classified into 

ten categories: ‘Benthos’ included prey species such as sea urchin (Echincea spp.), sea snails 

or limpets (Lepetellidae), and bivalves. Prey items from this category were exclusively found 

in faeces from the Westfjords, from 2020 and 2017-2018. The category ‘bird’ included 

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 on two occasions in 

1999 and in 2020 each, both in the Westfjords. ‘Crustacean’ included small shrimp-like 

species such as ostracods, amphipods and decapods. They were found exclusively in diet of 

foxes from the Westfjords from 2020. Fish were identified based on bones, eyes, vertebrae 

and otoliths. Fish identified belonged to the order of gadifomes (cod-like), osmeriformes 

(smelt-shaped), and perciformes (perch-like). Identification to species level was attempted 

and achieved for following species based on otoliths structure and appearance, as well as 

vertebrae: namely the lesser sandeel (Ammodytes tobianus), the whiting (Merlangius 
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merlangus), the Norway pout (Trisopterus esmarkii), the capelin (Mallotus villosus), and the 

northern rockling (Ciliata septentrionalis). One copepod was identified in the diet from the 

Westfjords in 2020 (Lernaeocera branchialis). From the fish remains identified, 26 out of 

36 came from the Westfjords from 2020 and 1999 while 10 came from the Southwest of 

Iceland, from 2017-2018. Insects were detected in all regions and 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 but 

predominantly in the northwest and southwest. Two samples contained skin fragments that 

could have been seal based on thickness and appearance. All other skin fragments found 

belonged to the order of rodents. Rodent remains from the Westfjords from 1999 and 2020 

were most likely woodmouse (Apodemus sylvaticus). Plants represented the largest diet 

components in all four regions in terms of number. This category includes both terrestrial 

plants and marine algae. The large amount of plant material found in almost every samples 

might be an indication that foxes deliberately eat grass or seaweed. Parasites were identified 

in 3 samples from the Westfjords in 1999. The category ‘other’ included stones and was 

found in all four regions.  
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Figure 13 Natural diet found in Arctic fox faeces. Proportional abundance prey categories 

by regions in terms of numbers of prey items found: Westfjords (n=196), northwest (n=7), 

northeast (n=5), southwest (n=30).  

 

 

Figure 14 Selected prey items that may be susceptible to ingest plastic particles found in 

Arctic fox faeces and faecal precursors in this study. (1999, 2017-2018, 2020). 

Prey items varied in all four regions. Most common prey species (except plant material) 

found in almost all regions was birds, in the northwest region of Iceland birds and mammal 
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remains were found in equal parts. The percentage of bird remains in diet was highest in the 

Westfjords with 26.5%, and lowest in the southwest with 16.5% (Fig. 14). Arctic foxes in 

the Westfjords are characterized by a coastal diet with a large percentage of prey items 

derived from the sea such as the categories benthos, fish and crustacean. In total 15% of prey 

items were of a marine origin (benthos, crustacean, fish). This number might be higher as 

parts of the category ‘birds’ include seabirds. The southwest region was characterized by a 

higher share of rodents and wood mice in particular. 

Plastic was found in samples from regions that were coastal and from region where Arctic 

foxes a priori had no access to the coast such as in Hrunamannahreppur. Of the 12 plastic 

particles found, 2 were from a predominant terrestrial diet while 10 were found in samples 

with a mixed diet of prey remains of maritime species, and terrestrial species. From the 12 

samples that contained plastic or paper, 9 also contained prey remains from birds (Fig.15). 

Fish and remains classified under ‘benthos’ were only present in samples from the 

Westfjords from 2020. Squid remains were found in one sample containing plastic from 

Hornstrandir, 1999. Mammal remains were found in 4 samples containing plastic, 3 samples 

from the Westfjords from 2020 and one from the southwest from 2018.   
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Figure 15 Proportional prey categories by samples in which plastic or paper was found. 

4.7. Plastic pollution indicator species  

Bioindicators are organism which reflect the overall state of health of the environment with 

regards to pollution and other anthropogenic disturbances in the environment and are 

therefore a good monitoring tool. Their response to changing conditions in the environment 

is analysed as representative of the state of the environment as a system that is embedded in 

a stress-response model (Gerhardt, 2002).  To be a suitable candidate for an indicator species 

for plastic pollution certain requirements are necessary. Specific criteria were collated from 

various studies and are applied to the data of Arctic fox faeces on Iceland collected within 

this study (Bray et al., 2019; Fossi et al., 2018b; Gerhard, 2002; UNEP/MAP, 2018; Van 

Franeker et al., 2011; Matiddi et al., 2017). Qualifications for a suitable indicator species 

include but are not limited to the following criteria:  

 

1. Availability and accessibility of biota samples in larger numbers: 

Large numbers of samples are desirable because trends of potential changes 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 frequency of 
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occurrence a larger sample size is needed (MSFD, 2013). Arctic fox carcasses and 

faeces are available in sufficient numbers all over Iceland and other Arctic regions. 

Faeces can be collected non-invasively in large numbers wherever Arctic foxes 

occur. In 1999 the Icelandic Arctic fox population was estimated to be 4.645 (+/-

170) adult individuals but the population size grew until 2005 and has, since then, 

been fluctuating between 7000 - 9.000 adults which can be regarded relatively stable 

(Ester Rut Unnsteinsdóttir, in press). Between 2017 and 2019, 4.400 to 6.400 Arctic 

foxes were legally hunted in Iceland (Umhverfisstofnun, 2020). Annually, 

approximately 15% of adult carcasses are voluntarily provided by the hunters for 

scientific purposes and studies such as Arctic fox population dynamics (Ester Rut 

Unnsteinsdóttir, April 2022, personal communication). Plastic studies of the stomach 

or the intestines could therefore be added without major additional effort or costs. 

 

2. Distribution range of species: 

 A large distribution range of a potential monitoring species is advised to accurately 

reflect the overall state of the environment with regards to the research objective 

(Bray et al., 2019). A wide distribution range of the indicator species furthermore 

enables comparisons on a larger scale (UNEP/MAP, 2018). As Arctic foxes have a 

circumpolar distribution range, they would be ideal for an indicator species of plastic 

levels in the Arctic (Berteaux et al., 2017a). Spatial coverage of this monitoring 

species would therefore be adequate to compare levels of plastics in Iceland with 

plastic levels in other regions of the Arctic, enabling the extraction of potential trends 

(Fossi et al., 2018b).  

 

3. Ability of species to reflect the targeted plastic size and research objective: 

When deciding on a monitoring species, it is important to consider the desired plastic 

size that should be monitored. For example, OSPAR and the EU-MSFD distinguish 

between monitoring of microplastics and macroplastics. While fulmars and turtles 

are used to monitor plastics >5 mm, different fish and invertebrate species are 

considered as monitoring species because of their uptake of plastics smaller than 5 

mm in particular (MSFD, 2013). Arctic foxes can ingest plastic particles of different 
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sizes, and in this study, particles ranged from 0.5 mm to 89.6 mm. It is unclear how 

and if the plastic particles break down throughout the digestive system. Most 

particles were either classified as microplastics or mesoplastics. Therefore, this 

species might be suited to monitor plastic particles smaller than 5 mm and up to 25 

mm (micro- and mesoplastics). As Arctic foxes forage both in marine and terrestrial 

environments, the origin of pollution is difficult to determine and may need much 

more research on diet-related items. 

 

4. Retention time: 

The retention time indicates how fast the digestion rate of typical prey items is. The 

retention time of prey items or plastic in Arctic foxes requires further research as it 

is currently not known. This is problematic as it is important to have data on ingestion 

mechanisms such as digestion rates and intestinal transit to understand how long ago 

the individual has last eaten and the potential area of movement between ingestion 

and defecation (UNEP/MAP, 2018). For this study a rapid digestion is preferred, as 

the faeces then accurately reflect plastic levels in the study area, facilitating spatial 

comparisons.  

 

5. Frequency of plastic ingestion high enough to perform statistical tests and 

extract trends: 

To be an efficient indicator species, ingestion rate of plastic must be high enough to 

enable comparable measurements and extraction of statistical trends. Low rates of 

ingestion hinder the power of analysis and make the extraction of potential trends 

difficult (UNEP/MAP, 2018). This study shows that plastic intake of Arctic foxes is 

not sufficient to extract trends related to plastic pollution in the Arctic environment 

in general, and plastic pathways and uptake in coastal Arctic organisms in particular.  

 

6. Prior sampling conducted and previous data available: 

Earlier research on a potential monitoring species can help to detect potential trends 

of local and temporal differences. Studies on plastic and anthropogenic debris 

ingestion by Arctic foxes have been done before in Alaska, Svalbard and in Iceland. 
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However, no standard methods were applied with regards to the sampling method, 

or the laboratories procedures such as rinsing methods and digestion processes. 

Therefore, comparisons between these studies are difficult (Garrott et al. 1983; 

Prestrud 1992; Skúladóttir, 2019).  

 

Although the Arctic fox has a large distribution range and samples can be collected easily 

and non-invasively, the broad diet covering marine and terrestrial prey, and in particular 

their low plastic uptake suggest that this species could be less suitable for long-term 

monitoring. The nature of their diet and foraging behaviour complicates analysis of fox’s 

plastic intake and pathways. Difficulties in detecting changes of plastic levels over time and 

space confirm this proposed decision. 
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5 Discussion  

This study was based on a faeces analysis and investigated the suitability of the Arctic fox 

as an indicator species for the monitoring of plastic pollution levels in Iceland. Plastic 

characteristics were discussed and compared. Furthermore, potential trends in terms of 

plastic occurrence variations between these years, and the different seasons were evaluated. 

Methodological differences were compared to test whether the analysis of faecal precursors 

or faeces was more effective in detecting plastic particles. Finally, potential regional 

differences in plastic occurrences were discussed and prey items were analysed to extract 

potential trends in diet and plastic ingestion by Arctic foxes.  

This study is based on the analysis of 238 samples in total from 4 different years spanning 4 

different regions of Iceland and provides additional evidence that plastic is present in the 

Arctic in general and in a terrestrial mammal in particular. No statistical differences were 

detected in plastic levels between the regions, the wintertime and summertime or the 

different years. Furthermore, diet did not seem to be a factor influencing plastic occurrences 

in this study.   

5.1. Plastic uptake of Arctic fox in context 

The frequency of plastic ingestion in Arctic foxes in this study is 5.08% which is similar to 

previous studies on Arctic fox diet. Garrott et al. (1983) analysed 566 Arctic fox faeces in 

Prudhoe Bay, Alaska and found a frequency of occurrence of anthropogenic debris of 6%. 

In that study debris was defined as any man-made substances such as wrapping plastic and 

paper. Prestrud (1992) analysed 751 individuals in a study from 1977 to 1989 and found that 

5% contained anthropogenic debris that was defined as paper and plastic particles. Both 

studies do not indicate further details on plastic and anthropogenic debris characteristics. 

Skúladóttir (2019) found plastic in 4% of 125 Arctic fox and reports an average amount of 

0.36 plastic particles per sample and an average plastic weight of 0.1736 g per sample. 
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Of the stomachs found to contain plastic particles, 2 came from the Westfjords, 2 from the 

North and 1 from the South of Iceland. The plastic particles appear to be fragments of a 

bright green and yellow nylon rope, as well as green fragments identified as sheep ear tags 

and other brightly coloured relatively large pieces when compared to the findings of this 

study.  

The methods of the aforementioned studies are not always disclosed in details and differ 

from the method used in this study. While no information on the methods is available in the 

study by Prestrud (1992), Garrott et al. (1983) describe the methodology briefly and the 

researchers used a detergent solution that was shook mechanically and then washed through 

a fine-meshed sieve. The nature of the detergent and the mesh-size of the sieve are not 

disclosed in this research paper. The study of Skúladóttir (2019) on plastic in Arctic fox 

studies discloses that the stomach contents were sieved through a 1 mm sieve and 

subsequently rinsed, weighed with an accuracy of 0.1 g and further microscopically 

examined. Prey remains were then categorized, and identified to lowest possible taxonomic 

rank and photos of plastic particles were taken after having been dried and weighed. This 

method is similar to the method used in plastic in fulmar studies (Snæþórsson 2018, 2019, 

2021; Van Franeker 2004). Gentle processing methods using detergents and rinsing prevent 

the potential loss of prey remains and plastic particle deterioration which can be beneficial 

when looking at diet. 

Research has demonstrated that plastic is present in the Arctic. A study from 2017 found 

that the Arctic Ocean, the Barents Sea and the northern and eastern areas of the Greenland 

Sea act as accumulation zones of plastic particles due to ocean circulation and other large 

scale environmental processes (Cózar et al., 2017). More generally microplastic has been 

documented in different trophic levels and across different ecosystems. Studies on 

microplastic in Arctic fish species report similar microplastic particle abundances. One study 

that looked at microplastic particles (excluding fibres) in polar cod (Boreogadus saida) 

found 8 particles in 72 individuals resulting in a frequency of occurrence of 2.8% (Kühn et 

al. 2018). This result is similar to the findings of Liboiron et al. (2016), who looked at plastic 

in Atlantic cod (Gadus morhua), a species that was also found to be ingested by Arctic foxes 

in this study, and who found a frequency of occurrence of 2.4% in 205 individuals. Higher 
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frequencies were reported in a study on microplastic in cod and saithe around Icelandic 

waters with frequencies of 7.7% and 8.7% respectively (De Vries et al., 2020). Similar 

results were found recently in Atlantic mackerel with 6% of 50 samples containing plastic 

(see chapter 2.5.4.; Malinen, 2021). Plastic has been documented in one study in 413 Arctic 

benthic organisms, such as in starfishes (Asterias rubens, Ctenodiscus crispatus, and 

Leptasterias polaris), in decapods such as in shrimp (Pandalus borealis), and crabs 

(Chionoecetes opilio), as well as in marine gastropods such as in whelks (Retifusus 

daphnelloides, Latisipho hypolispus and Euspira nana) and bivalves (Astarte crenata and 

Macoma tokyoensis; Fang et al., 2018). This study reports microplastic ranging from 0.02 

to 0.46 items/g in these benthic species. Interestingly the highest amount of plastic was found 

in the northernmost site by the shelf of the Bering and Chukchi Seas, in line with the theory 

that plastic can accumulate in these regions due to sea currents (Fang et al., 2018). 

Furthermore, microplastic has been documented in Arctic Sea ice (Bergmann et al., 2016), 

and in the water column with mean concentrations of 2.38 pieces.m−3 in 2014 (Amélineau 

et a., 2016).  

The findings of all these studies confirm that while plastic levels in the Arctic are generally 

lower than those in lower latitudes, plastic is pervasive in the Arctic ecosystems, organisms 

and environment. The findings of this study confirm this further and might indicate that more 

plastic could be found in Arctic fox faeces in lower latitudes such as in Norway or Sweden. 

Furthermore, plastic in the red fox might be even higher following this trend, as their 

distribution is more southern and closer to intense areas of human activity, and records of 

plastic and anthropogenic debris in red foxes have been published (Goldyn et al., 2003; 

Panek and Bresiński, 2002; Richards, 1977). Panek and Bresiński (2002) theoreticized that 

changing feeding patterns of foxes and feeding at sites that were closer to settlements might 

have led to an increased presence of man-made food and non-food items in foxes’ diet.  

Goldyn et al., (2003) reported a high frequency of occurrence of 16% of garbage in faeces 

in his study conducted between 1998 and 2001 in Poland on farmland. Richards (1977) did 

a dietary study on red foxes in the UK, based on 245 faecal samples and 68 feeding remains 

and found a frequency of occurrence of 30% of anthropogenic debris such as wrapping 

paper, rubber, canvas material and a plastic ring.  
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5.2. Plastic characteristics and related industries 

Of the 12 anthropogenic particles found, 3 were identified as cellulose or micro fibrillated 

cellulose. Cellulose is a natural derived polymer used in a variety of products such as paper, 

textiles, and cigarette filters (Puls et al., 2011). The items identified in this study as cellulose 

were large enough to be analysed visually and looked like paper particles. 

Most common plastic plastics found were acrylic and polyethylene with 17% for each 

(Fig.11). Acrylic is also called plexiglass and used extensively as a light-weight and durable 

material to replace glass. Polyethylene (PE) is a thermoplastic polymer, which can be 

reheated and remoulded several times (PlasticsEurope2019). It is mostly used in packaging 

(such as food items), and plastic bags (Ghatge et al., 2020). It is also widely used in 

agriculture and accounts for a large quantity of agricultural plastic waste (Afxentiou et al., 

2021). Acrylonitrile–butadiene–styrene (ABS) was found in 9% of the particles and is also 

a widely used polymer in housings for computers and other electrical devices (Brennan et 

al., 2002). Polyester and polypropylene (PP) are both used in a large range of industries 

because of their durability and flexibility. PP has a lighter density than polyester and is 

therefore used in industries such as the fishing gear industry for its floating properties and 

lower costs. Polyester is also used in the fishing industry for long lines or haul lines as it is 

highly resistant to UV light, and can withstand heavy loads (McKenna, 2006). 

PE and PP have also been found in previous studies of microplastics in Icelandic biota. Both 

Malinen and de Vries found plastic particles identified as PE and PP in cod and saithe in 

Iceland (De Vries et al., 2020; Malinen, 2021). Akoueson further reports microplastics in 

plaice that were identified as PE and PET (polyethylene terephthalate; 2020). Kühn et al. 

confirm that both PP and PE as well as ABS is also commonly found in fulmars in Iceland 

(2021).  
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5.3. Temporal changes 

Temporal changes of plastic levels in the European Arctic have only been documented 

sporadically (Halsband and Herzke, 2019). The earliest records of pollutants in the Arctic 

focussed mainly on chemical additives such as organochlorines or heavy metals (Pfirmal et 

al., 1995).  

Payne et al. (1991) and Sydnes (1995) looked at the weathering processes of oil in the water 

in the Arctic environment, and discussed the toxicity and environment impact of an oil spill. 

However, a very concise study of plastic pollution in the Arctic has also been published as 

early as in the 1980’s. Merrell (1980) investigated the accumulation of plastic litter in 

Amchitka island, on the Bering Sea in Alaska from 1972 to 1974. His findings demonstrate 

a dramatic increase of all common items found on his surveyed beaches from 1.932kg in 

1972 to 4.993kg in 1974, equalling an increase of 284%, and an annual increase of 59% 

overall in terms of weight between 1972 to 1974. Most of the litter he found originated from 

fishing gear such as gillnets and trawling material. Merrell (1980) effectively links beach 

litter to commercial fishing and discusses the environmental impact plastic litter can have.  

This study does not allow for adequate analysis in terms of annual changes in plastic 

ingestions, however, future years might indicate a change in plastic prevalence in the Arctic. 

While a low frequency of occurrence of plastic in faeces has been recorded in this study, 

Arctic foxes are, in theory, a species that is vulnerable to plastic ingestion, and with 

increasing plastic levels globally and increasing number of tourists on Iceland and in 

particular in the Westfjords (Ferðamálastofa, 2018), their sensitivity to plastic ingestion 

might increase in the years to come (Borrelle et al., 2020).  

5.4. Methodology 

This study was based on the analysis of both faecal precursors of carcasses and faeces 

collected in the wild. Other methods of diet analysis include stomach and intestine analysis 

(see chapter 5.1). Research on the whole digestive system of foxes could be potentially 

informative as it would indicate how plastic behaves during the digestion process and if it 

breaks down into smaller particles. One such study was conducted on plastic ingestions by 
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harbour seals by Bravo Rebolledo et al. (2013), using 107 stomachs, 100 intestines and 125 

faecal samples. Both plastic ingestion and diet were analysed and trends of plastic ingestion 

in relation to age, and sex could be analysed. While none of the faecal samples contained 

ingested plastic, the study found 12 plastic particles in a total of 125 stomachs, and one 

plastic particle in 100 complete intestines. Noteworthy is that the study would not have found 

any plastic if it had been based on plastic in faecal samples alone. This indicates that research 

on plastic in species should ideally combine several methods and include the entire digestive 

system when this is possible. The carcasses used in this study were seals that had died from 

a virus, and were not shot for the purposes of research.  

Different examination methods have shown contrasting results in another study in plastic 

ingestion in fulmars.  Provencher et al. (2018) looked at microplastics using faecal 

precursors and stomach analysis of fulmars, and found that while microplastic fibres were 

dominant in faecal precursors, the frequency of occurrence of plastics in general was 

significantly higher in stomach analysis than in faecal precursors (97% against 47% in 

faeces). Their findings demonstrate that plastic abundance may vary based on the extraction 

method and sampling technique. This study further argues that while information on 

retention rates can be more readily available, ingestions are more difficult to substantiate in 

studies that don’t use the entire digestive system.  

5.5. Diet 

Findings of this study related to diet are concordant in some aspect with the analysis by 

Skúladóttir (2019) on diet of Arctic foxes in Iceland where birds were found to be a dominant 

prey species for the Westfjords followed by mammals, and plant material was also found in 

all regions. In total 125 stomach samples were analysed, and bird remains were present in 

41% of the stomachs, followed by mammals with 35%. The category mammals contained 

mainly livestock such as sheep.  A different study in 2000 found that diet of Arctic foxes in 

Hornstrandir varied by den according to factors such as distance to bird cliff and productivity 

of the shoreline (Hersteinsson et al., 2000). However, in general, birds were found to be an 

important prey in this study, and alcid and fulmar remains were found most commonly in 

the vicinity of dens. No rodent remains were found, which might be due to the fact that 
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smaller rodents such as mice are eaten whole. The proportional amount of fish remain 

followed that of the seabirds. This is concordant with the findings of this study where marine 

prey remains played an important part in the overall diet in the Westfjords. It should be noted 

that fish remains can both be directly ingested, or indirectly by trophic transfer via seabird 

ingestion. 

5.5.1. Indirect ingestion of plastic particles 

Seabirds, such as kittiwakes and fulmars, have a high vulnerability to plastic ingestion. 

Fulmars from Iceland have been recorded to ingest plastics regularly although in varying 

amounts (see Chapter 2.5.4). The most common prey species of Arctic foxes in Iceland in 

coastal areas seem to be northern fulmars and kittiwakes (see Chapter 2.4.1.), therefore 

trophic transfer of plastic particles and other anthropogenic debris may occur between these 

seabirds and Arctic foxes. Fulmars overwinter at sea and researchers found that fulmars from 

the Canadian high-Arctic migrate after their breeding period mid to end of September 

towards the Labrador Sea in the northwest Atlantic Ocean, and probably remain there until 

beginning to mid-March when they start to migrate south towards their breeding ground 

(Mallory et al., 2008). Northern fulmars from higher Arctic regions tend to spend even less 

time in the colonies (Mallory et al., 2007). This pelagic dispersal is also noted in kittiwakes. 

These seabirds breed from April-May to August-September (Schultner et al., 2014). Records 

from researchers that tagged kittiwakes from a colony located in Svalbard show that tagged 

individuals were in Iceland around the month of April (Schultner et al., 2014). Kittiwakes 

from breeding colonies from the North Atlantic such as in Iceland migrate to the northwest 

Atlantic, south of Greenland outside of their breeding period and only return in the spring 

and summer (CAFF, 2020). If plastic is ingested indirectly by trophic transfer, then a trend 

in plastic occurrence might occur whereby the incidence of plastic in faeces is higher in the 

summer months and lower in the wintertime when pelagic seabirds are out at sea. Targeted 

field observations and cameras traps in areas where Arctic fox feed, might indicate if foxes 

are selective in their prey and are able to recognize plastic and other anthropogenic debris 

when it is in or around prey remains.  
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Research on plastic ingestion by seabirds has demonstrated that generalist feeders and 

scavengers have a higher risk of ingesting plastic particles then specialist hunters (Caldwell 

et al., 2020). Plastic ingestion by species is dependent on foraging behaviour as well as 

plastic type and accumulation tendency (Provencher et al., 2014).  Marine litter that floats at 

the surface is most susceptible to be found in surface-feeding species such as fulmars or 

kittiwakes while plastic in sediment is more likely to be fed on by benthic organisms such 

as arthropods (Haegerbaeumer et al., 2019; Van Franeker et al., 2011). Arctic foxes as 

generalist feeders may ingest plastic indirectly by trophic transfer via kittiwakes, fulmars 

and other birds at risk of plastic ingestion or directly by mistaking plastic and other debris 

as prey items. 

5.6. Plastic pollution monitoring  

This study found a frequency of occurrence of 5.04% of plastic in Arctic fox faeces, with 

plastic particles found in almost every sampled region and both in 1999 and 2020.  While 

these findings are concerning and warrant further research, this data suggests that Arctic fox 

faeces analysis on itself may not constitute a reliable monitoring species for plastic levels in 

the Arctic for now. However, this might have to be reconsidered in the future, as the level 

of plastic in Arctic is susceptible to increase in the years to come (Hallanger and Gabrielsen, 

2018; Tekman et al., 2017). Furthermore, while faecal analysis is not sufficient to extract 

trends in terms of plastic pollution quantity and pathways, analysis of entire digestive 

systems of Arctic foxes might be more informative and allow for spatial patterns and 

temporal trends to emerge. Faeces analysis constitutes a non-invasive method to study diet 

and plastic ingestion without disturbing wildlife excessively (Dib et al., 2019), and is 

therefore recommended, combined with analysis of carcasses from bycatch, legal hunting or 

collection of dead carcasses. Future research into plastic entanglement and ingestion by 

Arctic species such as seals may shed a light on trends of plastic pollution and health state 

of the Arctic environment with regards to this anthropogenic disturbance. 
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6 Management and recommendations 

Despite an increased interest of international research in plastic pollution and anthropogenic 

debris, data on trends and evolution of plastic pollution in the Arctic is scarce (Halsband and 

Herzke, 2019). Monitoring plastic pollution in the Arctic environment is crucial to be able 

to implement a comprehensive and effective response in terms of mitigation measures. It is 

crucial to address knowledge gaps to understand if, and how plastic pollution and 

anthropogenic debris affects species in the Arctic to be able to formulate a sensible response 

to the anthropogenic disturbance that plastic causes. As the Arctic fox may not be a suitable 

candidate for plastic monitoring in the Arctic, other species should be considered for 

monitoring plastic levels in the Arctic in mammals and top predators such as seals. Research 

on pinnipeds population in general and harbour seals in particular is important as they are in 

rapid decline in Iceland (Marine and Freshwater Institute, n.d.). 

6.1. Plastic management  

To reduce plastic pollution in the Arctic it is crucial to identify key sectors and industries as 

well as the role they play in plastic production or import to the Arctic. Analysing end-of-life 

management of these materials is needed to understand how the waste-management scheme 

can be improved to prevent plastic from entering the environment. Furthermore, improving 

the recycling scheme into a straightforward logistics that is easily understood and where 

information is readily available in the Westfjords and in Iceland in general can be helpful in 

raising awareness amongst the consumers who might have an interest in preventing plastic 

pollution but lack the information to do so. In this sense, providing market and non-market 

incentives is a good way to encourage producer and consumer to comply to the recycling 

scheme. Products that can’t be recycled, composted or refurbished should be redesigned or 

restricted.  



 

 

 

 

62 

6.1.1. Plastic pollution preventive measures  

These measures focus on preventing the plastic from entering the environment and include 

measure such as product modification and re-designing whereby plastic can be replaced by 

glass in a process that aims to phase out plastic where possible. Plastic types that cannot be 

recycled should be phased out completely and replaced by other polymer types or non-plastic 

alternatives such as bamboo, glass or wood. In this sense, the lifecycle of plastic production 

should include the identification and consideration of recycling possibilities and after-life of 

the plastic product to keep the amount of plastic used for the product at a minimum and 

reduce leakage into the environment. A standardized, national waste-management scheme 

and recycling system integrated to a solid leadership by governmental institutions should 

support a circular economy model and aim to reduce, reuse and recycle the entire national 

plastic production and consumption model (Rouch, 2021). As an island with a comparatively 

smaller population size, in Iceland, these regulations might be more readily feasible.  

6.1.2. Plastic pollution mitigating measures 

These measures aim to reduce and control the amount of plastic that enters the environment 

by optimising the way in which litter is disposed of (Chen, 2015). Measures include 

environmental regulation of the industries such as command-and-control regulation (direct 

regulation), or market-based instruments (Zhang, 2013). The first one is related to the 

‘polluter pays principle’, and is based on strict regulation such as standards and production 

method requirements (Testa et al., 2014; Chen, 2015). This would include strict rules of 

waste-dumping into the sea for example as well as a comprehensive and efficient monitoring 

scheme and compliance analysis. Another example of command-and-control regulation is 

gear marking and port fishing gear reception facilities to reduce the discard of fishing gear 

at sea. Market-based instruments are related to the current regional and national economy 

and are based on positive incentives to control pollution levels.  
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6.1.3. Consumer behaviour, education and plastic removal  

Educational programmes on the environmental hazard of plastic can have a real impact on 

consumer behaviour. School programmes organizing beach clean-ups and educational 

programmes on plastic waste can raise awareness in future generations on what products to 

use and how to reduce the consumption and use of plastic products or products wrapped up 

in plastic unnecessarily (Chen, 2015). Local awareness campaigns that engage the younger 

public can increase positive feedback whereby the participant’s likelihood to comply with 

recycling schemes is linked to the belief that the individuals’ time, effort, and money used 

to reduce plastic pollution and protect the environment, is both beneficial for the individual 

and the environment in the long term (Jia et al., 2019). Furthermore, the recent COVID-19 

crisis that started in early 2020 caused an increase in plastic pollution in the environment 

and increased the need for inclusive international agreements on plastics manufacturing, its 

uses, and waste management. Although no plastic found in this thesis could be linked to 

plastic related to the COVID pandemic, the increased use of single-use plastics such as 

masks, gloves, medical gowns, or protective shields indicates that global plastic pollution is 

likely to increase drastically (Benson et al., 2021; Silva et al., 2020;). These items are 

ingested by some bird and mammal species already, and entanglement and nest 

incorporation has been witnessed all over the world (Hiemstra et al. 2021). Monitoring 

plastic pollution in the Arctic and its impact on coastal and marine animals is therefore 

crucial to adapt policies and regulations to contain and reduce the negative impact plastic 

has on the environment.  
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7 Limitations and further research  

Research suggests that plastic abundance could be related to species age and breeding status 

of foxes, and studies on plastics in seabirds have found that juvenile seabirds tend to have 

more plastic in their stomachs and gizzards than adults (Kühn et al., 2015). Reasons for this 

might be the fact that young seabirds get fed by two plastic-ingesting adults, and because 

they have less foraging experience and might not yet be able to differentiate between plastic 

and prey as well as more experienced older individuals. Therefore, Arctic foxes' age might 

be an essential factor for plastic and anthropogenic debris abundance and warrants further 

research. Despite this, lack of data prevented analysis of how age and breeding status might 

impact plastic ingestion of Arctic foxes. Future research might be done to look at a potential 

positive correlation between the age of foxes, social status and plastic abundance in their 

diet.  Future research projects on plastic in Arctic foxes should increase the sample size to 

ensure greater confidence levels in the results. A greater sample size might also lead to 

bigger chances of detecting differences in plastic occurrences in Arctic fox faeces such as 

regional differences and seasonal differences. A potential trend from one year to the next 

might be found by using samples from every year in a timespan of 5 to 10 years. This would 

effectively increase confidence levels in estimated changes from one year to the next and 

uncover potential trends of evolution. Furthermore, differences in terms of ecotype and diet 

variations require a larger sample size of one coastal region such as Hornstrandir and one 

inland region such as Jökuldalur. Comparisons between coastal ecotypes inside and outside 

a nature reserve could look at samples from other southern coastal areas or eastern areas. 

Furthermore, further research could be done on plastics in other Arctic fox prey species such 

as the ptarmigan to investigate potential trends of bio-magnification or accumulation of 

plastic and anthropogenic litter across different species. Research on prey species might shed 

a light on the potential trophic transfer of plastic and anthropogenic debris, although data on 

this has been proven to be difficult to acquire in the wild (Kühn et al., 2020c). Based on this 

study, and the high percentage of bird remains found, it appears that plastic found in the 

faeces faecal precursors might come from the surface-feeding seabirds such as fulmars and 

kittiwakes that are the main prey of Arctic foxes. However, to understand the potential of 
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trophic transfer, the natural diet of Arctic foxes needs to be understood in more detail. 

Unfortunately, within the time frame of this study, it was impossible to distinguish the 

feathers on a species level. Future studies could focus on feather identification and shed a 

light on this topic. 

The differences in terms of mass and volume of plastic particles between 1999, and 2020 

might be an indication that bigger plastic particles end up in the Arctic fox’s digestive tract 

potentially leading to sub-lethal consequences. However, the small number of plastics found, 

make it difficult to conclude such a pattern. Additional sampling in Hornstrandir in the future 

years might indicate trends in terms of plastic particles and highlight the importance of 

research from coastal animals.   
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8 Conclusion  

While this study has found no statistically significant amount of plastic in the different years 

and regions, the fact that plastic has been found in different regions of Iceland and different 

decades is reason enough for serious concern and warrants further research. This study 

provides additional evidence that plastic pollution permeates every ecosystem and can be 

found in terrestrial Arctic mammals.   

With the warming of the climate, the Arctic’s and its ecosystem’s vulnerability rises, and 

the need to assess this ecosystem’s health before it is further compromised is critical. 

Bioindicator species are an important tool to gather qualitative and quantitative data on the 

impact of pollutants, and other anthropogenic stressors (Bonanno and Orlando-Bonaca, 

2018). While analysis of Arctic fox faeces on its own does not so far represent a suitable 

approach to plastic monitoring, other species and methods should be investigated for the 

establishment of a standardized monitoring tool enabling the monitoring of plastic levels in 

the Arctic.  Research on plastic ingestion by the Icelandic Arctic fox is important and should 

be renewed to monitor changes in plastic abundance and the potential increase of plastic 

ingestions. Furthermore, management instruments to regulate and monitor plastic input into 

the environment need to be implemented on the international, national and regional level, 

from a top-down and bottom-up approach, including corporate governance and citizen 

responsibility. With these instruments, preventive measures aimed to avoid the voluntary or 

involuntary discard of plastic into the environment need to be carried out. These measures 

include adequate information on waste recycling schemes and positive incentives to comply 

with these by citizen and industry alike, as well as product redesigning to reduce the use of 

single-use plastics. 
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Appendix A  

Table A: Plastic categories form by Van Franeker et al. 2011 

  

0_SNS_stomachs_litter_dataentry_forms.xlsm category description 30/11/2015

The Bird/Sample nr should be identical to that on dissection form!

At rinsing, note number of stomach ulcers, and the number of those ulcers infected with parasitic worms

weight  = drained or wet weight of stomach contents derived from sieve before rinse or from difference of filled and empty stom ach 

STOMACH CONTENTS - CATEGORY DESCRIPTIONS sample

PLA PLASTIC acronym all plastic or synthetic items: note number of particles and dry mass for each category number

pellets ind industrial plastic granules (usually cylindrical but also oval spherical or cubical shapes exist

probab ind? pind suspected industrial, used for the tiny spheres (glassy, milky, ....)  occasionally encountered

sheet she remains of sheet, eg from bag, cling-foil, agricultural sheets, rubbish bags etc

thread thr threadlike materials, eg pieces of nylon wire, net-fragments, woven clothing; includes 'balls' of compacted such material

foam foam all foamed plastics so polystyrene foam, foamed soft rubber (as in matras filling), PUR used in construction etc

fragments frag fragments, broken pieces of thicker type plastics, can be bit flexible, but not like sheetlike materials

other Poth any other, incl elastics, dense rubber, sigarette-filters, balloon-pieces, softairgun bullets; objects etc.  DESCRIBE!!

RUB
OTHER 

RUBBISH
acronym any other non synthetic consumer wastess: note number of particles and (in principle) dry mass for each category

paper pap newspaper, packaging, cardboard, includes multilayerd material (eg Tetrapack pieces) and aluminium foil

kitchenfood kit human food remains (galley wastes) like oinion, beans, chickenbones, bacon, seeds of tomatoes,grapes,  peppers, melon etc

other user rva other consumber waste, like processed wood, pieces of metal,  metal air-gun bulletes; leadshot, painchips. DESCRIBE

FISHHOOK hoo fishing hook remains (NOT FOR HOOKS ON WHICH LONGLINE VICTIMS WERE CAUGHT - THOSE UNDER NOTES)

POL
POLLUTANTS 

(INDUS/CHEM 
acronym other non synthetic indusrial or shipping wastes (number of items and  mass per category (wet for paraffin)

slag/coal sla industrial oven slags ('looks like non-natural pumice) or coal remains

oil/tar tar lumps of oil or tar (also not n=1 and g=0.0001g if other particles smeared with tar but cannot be sampled separately)

paraf/chem che lumps or mash of unclear paraffin, wax like substances (NOT stomach oil!) if needed subsample and estimate mass

featherlump rva lump of feathers from excessive preening of fouled feathers (n=1 with drymass) (NOT for few normal own feathers)

FOO
NATURAL 

FOOD
foo anything that can be considered as 'normal natural food' ; no weights unless substantial for overall food mass

fish minimum NUMBER OF INDIVIDUAL FISH, derived from nr of otoliths, lenses, vertebral remains etc specify under notes

squid minimum NUMBER OF INDIVIDUAL SQUIDS, derived from nr of BEAKS, lenses, cuttlebones etc specify under notes

crustacean minimum NUMBER OF INDIVIDUAL crustacean zooplankton (krill, amphipod etc (NOT CRAB or LOBSTER, those other)

JELLY TYPE minimum NUMBER OF INDIVIDUAL salps, jellyfish, jellytype worms etc

BIRD/MAMMAL scavenged remains birds (feathers other than own; skeletal remains) or mammals (bones, hair/skin, blubber etc)

other for example: INSECTS (minimum nr of individuals; describe details under notes)

other for example: POLYCHAETE worms (eg nr of individual NEREIS, specify nr of jaws under notes

other eg remains of CRAB/LOBSTER,   SEA URCHIN,  ............. Any,  DESCRIBE under notes

NFO
NATURAL NON 

FOOD
anything natural, but which can not be considered as normal nutritious FOOD for the individual

plant natural plant/woody bits (grass, seeds, twigs, but NB not for coconut bits, grape-seeds etc from the galley waste above)

seaweed bits of seaweeds

pumice volcanic floating stones (difference with industrial slags arbitrary; those often less uniform and with metal shine)

stones other stones (eaten from around nesting area; mainly in fledglings)

other any other: DESCRIBE

feathers normal estimate of number of OWN feathers (from normal preening;  NOT for polluted lumps or scavenged feathers!

worms roughly estimated number of parastic worms in the sample

NOTES general notes on stomach contents, e.g. malformations, perforations, if you think that ingested material caused death

and any detail that will not fit in the note lines, then just  refer with ** to notes here

for longline victims note nr and mass of of bait items removed and discarded at opening

IN
D

the right 

hand 

SAMPLE 

number 

column, 

should 

indicate 

whether 

samples of 

categories 

have been 

kept and 

stored; e.g. 

for a 

particular 

number 

'PLASTIC' 

or 

"PLASTIC+

RUB"  or 

CHEM  or 

ALC for 

food bits 

stored in 

Ethanol etc.  

If for 

separate 

stomachs, 

add P for 

proventricul

us or G for 

Gizzard

U
S

E
R

U
B

P
O

L
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Appendix B 

Photos of the plastic particles found in 1999 in Hornstrandir 
 

 
Figure 16 From left to right: Plastic particle (fragment, VLI-1999-015) of 0.0046 volcm3 

and 0.0039 gr, identified as polyethylene; Blue plastic particle (sheet, VLI-1999-021) could 

not be measured or ID due to very small size; Plastic particle (sheet, VLI-1999-022) of 

0.0006 volcm3, and 0.0003 gr, identified as polyethylene; Plastic particle (other, VLI-1999-

035) of 0.0048 volcm3 and 0.0022 gr, identified as acrylic. 
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Photos of the plastic particles found in 2017-2018 

 
Figure 17 From top left to bottom: Plastic particle (sheet, VLI-2020-126) of 0.0003 volcm3, 

0.0001 gr, identified as acrylonitrile butadiene styrene; Plastic particle (sheet, VLI-2020-

151) of 0.0050 volcm3, 0.0001gr identified as acrylic; Paper particle (VLI-2020-170) of 

1.8967 volcm3, 0.2311 gr identified as cellulose. 
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Photos of the plastic particles found in 2020 
 

 
Figure 18 From top to bottom, left to right: Rubber particle (other, VLI-2020-016) of 1.2610 

volcm3, 0.2814 gr, identified as ethylene-vinyl acetate; Particle (paper, VLI-2020-47) of 

0.0002 volcm3, 0.0017 gr, identified as cellulose; Particle (fragment, VLI-2020-48) of 

0.0032 volcm3, 0.0017gr, identified as polypropylene; Tar (pollutant, VLI-2020-002) and 

what might be fur particle of 0.0271 volcm3, 0.0088 gr identified as micro fibrillated 

cellulose; Elastic rope particle (other, VLI-2020-010) of 13.1666 volcm3, 0.5849 gr 

identified as polyester. 
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Prey remains 

 
Figure 19 Typical feather remains found in samples; these were unidentified.  
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Figure 20 Typical fish remains from Arctic fox faeces. From upper left to right: 2 vertebrae 

and 1 otolith, probably capelin, (Mallotus villosus); 1 vertebrae probably cod-like, (Gadidae 

spp.); vertebrae probably lesser sand eel, (Ammodytes tobianus) and cod-like; 1 vertebrae 

unknown species. 
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Figure 21 Another representative example of fish diet. From left to right, vertebrae, probably 

cod-like, (Gadidae spp.); 2 vertebrae probably lesser sand eel (Ammodytes tobianus); 9 

vertebrae probably cod-like; 3 vertebrae probably lesser sand eel; 1 vertebrae probably 

lesser sand eel; 1 otoliths probably Northern rockling (Ciliata septentrionalis). 
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Figure 22 Typical terrestrial prey items from mammals remains in Arctic fox faeces. From 

top to bottom: mouse teeth (molars) and jaws, mouse bones. 
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Appendix C 
Table C1:  Raw data on plastic and paper particles.  Items were given a unique sample number called JAF code, categorized under type 

(intestine or faeces), and mesh size of sieve. Main category included plastics, rubbish, pollutants, food items and non-food items. A unique 

particle code was generated based on these categories. Each item was further described in the category ‘item’ as sheet, thread, foam, fragment 

other etc. Colour and shape of each item could be described in another category. Dimensions, volume and mass were given, volume correction 

factors were estimated or based on known shapes, followed by a transparency code whereby 1= fully transparent and 9= non transparent. 

Colour codes and descriptions were given based on the RAL system. FTIR analysis was categorized by identified polymer and percentage of 

accuracy for the top 3 categories,  
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Table C2 Raw data excerpt on diet analysis in samples.  Each samples were given a unique number called JAF code and mesh size was indicated 

like in the above table. Food category included marine, terrestrial, mix or unknown and subcategory included further details on the species 

groups such as fish, birds, crustacean, plant or stone. Each prey item was numbered and from these information a unique particle code was 

collated. The species groups were further detailed by the category ‘body parts’ into categories such as fur, teeth, bones, feathers, bill, eye lenses, 

beaks etc. Items were numbered by individual and by item and further detailed into species group and sub- species, when possible. 
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