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A B S T R A C T   

Monitoring plastic in stomachs of beached northern fulmars for OSPAR’s Ecological Quality Objectives (EcoQOs) 
has been incorporated into the European Marine Strategy Framework Directive (MSFD). This paper aims to 
provide the appropriate tools to interpret the monitoring results. MSFD requires a data-derived threshold value 
(Fulmar-TV) representing ‘Good Environmental Status’. Such Fulmar-TV was calculated from near-pristine Ca-
nadian Arctic data where 10.06% of fulmars exceeded the level of 0.1 g ingested plastic. This Fulmar-TV is almost 
identical to the earlier OSPAR EcoQO, arbitrarily set at 10%. The MSFD approach was evaluated for 2661 North 
Sea fulmars in 2002–2018. Between 2014 and 2018, 51% of 393 fulmars exceeded 0.1 g plastic, significantly 
above the proposed Fulmar-TV. Linear regression of individual ingested plastic mass over the 2009–2018 period 
indicates a significant decrease. Over the longer term 2002–2018, logistic regression of annual EcoQ% shows a 
significant decline and predicts compliance with the Fulmar-TV by 2054.   

1. Introduction 

In 2002, monitoring the abundance of plastic marine litter in stom-
achs of beached northern fulmars (Fulmarus glacialis; hereafter ‘fulmar’) 
in the Netherlands (Van Franeker and Meijboom, 2002) developed into 
an international North Sea wide study. The abundance of marine litter 
ingested by seabirds like the fulmar reflects the quality of their envi-
ronment. The international expansion of the project was part of the 
European Union’s Interreg-funded campaign Save the North Sea (SNS) 

which aimed to reduce marine litter in the North Sea by creating 
awareness (Save the North Sea, 2004). 

After 2004, the SNS fulmar study group continued to co-operate 
informally. The monitoring became part of the OSPAR system of 
Ecological Quality Objectives (EcoQOs) for the North Sea (OSPAR, 
2008, 2009, 2010a,b; OSPAR is the acronym for the ‘Convention for the 
Protection of the Marine Environment of the North-East Atlantic’; see 
Supplementary material Section 8 for details on international agree-
ments and terms and acronyms used in their monitoring approaches of 
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marine litter). Guidelines on methods for dissection and data analysis 
(OSPAR, 2015) were implemented in regular ‘Intermediate Assess-
ments’. The EcoQO approach has been applied both in the North Sea 
context (Van Franeker et al., 2011; Van Franeker and Law, 2015; 
OSPAR, 2017, 2019) and more widely across the Atlantic (Provencher 
et al., 2009; Kühn and Van Franeker, 2012; Bond et al., 2014; Trevail 
et al., 2015; Acampora et al., 2016; Herzke et al., 2016; Poon et al., 
2017; Avery-Gomm et al., 2018; Baak et al., 2020; Environment Canada, 
2020) and Pacific (Avery-Gomm et al., 2012; Nevins et al., 2011; Don-
nelly-Greenan et al., 2014; Terepocki et al., 2017). 

OSPAR’s fulmar monitoring approach has also been implemented as 
an indicator for ‘Good Environmental Status (GES)’ in the EU Marine 
Strategy Framework Directive (MSFD) (Galgani et al., 2010; EC, 2008, 
2010, 2017). Although the monitoring method is the same, OSPAR and 
EU MSFD have worded their aims differently. 

OSPAR (2008, 2009) has defined a (undated) long-term goal for the 
fulmar EcoQO in the North Sea as: 

“There should be less than 10% of northern fulmars (Fulmarus glacialis) 
having more than 0.1 g plastic particles in the stomach in samples of 50 to 
100 beach-washed fulmars from each of 4 to 5 areas of the North Sea 
over a period of at least five years”. 

There was no scientific background for this target definition other 
than the fact that zero plastics was considered an impossible policy aim, 
but that reduction should be substantial. The line of thought followed 
the earlier OSPAR EcoQO on oil pollution, which required that the 
proportion of beached common guillemots (Uria aalge) with traces of 
mineral oil in the feathers should be reduced to under 10% (OSPAR, 
2005). 

In a different approach, the European Commission (EC, 2017) wor-
ded the aim of its marine litter descriptor D10 for Good Environmental 
Status (MSFD-GES) as “that no harm may be caused to the coastal and 
marine environment”. Criterion D10C3 specifies for any marine species 
that: 

“The amount of litter and micro-litter ingested by marine animals is at a 
level that does not adversely affect the health of the species concerned. 
Member States shall establish threshold values for these levels through 
regional or subregional cooperation”. 

Thus, where OSPAR views the fulmar as a general indicator for wider 
ecosystem health in terms of marine litter, with a subjectively quantified 
long-term EcoQO, the MSFD target requires that the fulmar species, 
among a broader range of indicator species, may not be negatively 
affected by plastic ingestion. The European MSFD covers a very wide 
range of ecological and environmental issues, and has an overarching 
target date for GES in year 2020, with specific indicator targets to be 
established on a regional basis. 

The concept of ‘no harm’ in the EU MSFD approach has its back-
ground in toxicity testing of chemical substances where risks are 
assessed by lethal or no-effect doses measured in animal experiments. 
However, in the case of (a wide range of types and sizes of) marine litter 
and the impact on a specific species of wildlife, it is virtually impossible 
to assess when a particular variable represents ‘harm’ or an ‘adverse 
effect’ (Browne et al., 2015; Rochman et al., 2016; Werner et al., 2016). 
In the MSFD, species health is the criterion rather than individual harm, 
health or mortality. However, populations or species are affected by a 
broad range of continuously changing variables, such as habitat avail-
ability, habitat quality, food conditions, predation pressure, climate 
change, and a range of pollutants, including plastics (e.g. Rodríguez 
et al., 2019). Plastic ingestion undoubtedly has a negative effect for 
individual birds, but the level of impact is very hard to assess (Kühn and 
Van Franeker, 2020), and resultant effects on populations or species 
cannot be quantified (Werner et al., 2016). One scientific paper claims 
that harm from plastic ingestion to procellariiform seabirds in the 
Southern Ocean can be quantified (Roman et al., 2019). Based on 

proportions of beached birds judged to have died specifically from 
ingested litter, they constructed a model that predicts a 20% mortality 
risk from a single particle of ingested plastic. The northern fulmar is also 
a procellariiform seabird, but no data exist to construct a fulmar-specific 
model using a similar approach. Applying the Southern Ocean mortality 
risk to the fulmar would imply that after half a century of plastic 
pollution, the species should be extinct. However, even though the 
species is currently not doing very well (see Supplementary material 
Section 2A), it is certainly not extinct, which invalidates the Southern 
Ocean model for application on the fulmar in the northern hemisphere. 

Recognizing the difficulty of defining harm, MSFD decided that 
assessing a threshold value for fulmars by referring to the situation in 
pristine areas is an acceptable alternative (Werner et al., 2020). In terms 
of plastic marine litter, the Canadian High Arctic region may be viewed 
as near pristine (Supplementary material Section 2B). It has a low level 
of human population with the Inuit inhabiting the region for generations 
and the current population for the entire territory of Nunavut being 
about 30,000 people. Additionally, the extensive coastline has only a 
few industrial level settlements (all of which have been developed since 
the 1960s), is still ice covered for most of the year, and water currents 
mostly flow in from the northern, ice-covered Arctic basin, rather than 
from polluted Atlantic waters farther south (AMAP, 1998). It must be 
emphasized that a (near) pristine area threshold provides no informa-
tion whatsoever on individual health or harm to a population or species. 

In terms of data analysis, the current fulmar monitoring guidelines 
(OSPAR, 2015) are derived from the early research by Van Franeker and 
Meijboom (2002) and prescribe:  

a. an assessment of the proportion of stomachs exceeding 0.1 g of 
plastics over the most recent 5-year period and 

b. a linear regression analysis of the trend in mass of plastic in indi-
vidual stomachs over the most recent ten years of data. 

These two assessments provide a simple yes or no answer to the 
question whether the policy target of 10% has been reached, plus a 
statistical indication on the direction of change under recent policies. 
However, they do not provide the direct analytical tools required for 
policy decisions in relation to either the OSPAR or MSFD target defini-
tions. The aim of the current paper is to provide additional tools for 
policy makers to interpret fulmar monitoring results in a way that allows 
clear decision making in relation to targets in both OSPAR and MSFD. 
More specifically, in addition to the existing standard analysis of the 
monitoring data this paper aims to provide: 

Addition 1. a data-based threshold value for fulmar-ingested plas-
tics that meets the MSFD GES requirements (hereafter abbreviated 
‘Fulmar-TV’) 

Addition 2. a statistical approach to test whether plastics in stom-
achs of a specific sample of fulmars meet the EcoQO or threshold value 

Addition 3. a statistical approach to view progress towards meeting 
policy targets. 

In a next step we aim to implement the existing and the new 
analytical tools in an analysis of the SNS data for plastics in stomachs of 
fulmars in the North Sea over the period 2002–2018. The proposed 
additional assessment tools aim for more accurate and easy to under-
stand information on marine litter monitoring to the general public, 
stakeholders and policy makers. 

2. Materials and methods 

2.1. Existing OSPAR analyses 

The plastic monitoring program of OSPAR in the North Sea uses 
beached fulmars. The pilot study by Van Franeker and Meijboom (2002) 
showed that plastic contents in stomachs of slowly starved beached 
fulmars were not statistically different from those in fulmars that had 
died instantly in good body condition for example from collisions or as 
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fisheries bycatch. Thus, results from beached birds may be considered 
representative for the fulmar population at sea. The only variable found 
to affect the quantity of ingested plastic was age, with younger birds 
holding on average more plastic than older ones. But as long as age 
composition shows no persistent change over time, monitoring data can 
be grouped for all ages. 

Methods for dissection including the assessment of age and sex are 
described in Van Franeker (2004a) and the OSPAR Guidelines (OSPAR, 
2015). In short: age and sex are assessed on the basis of anatomical 
details of the sex organs, and presence and size of the Bursa of Fabricius, 
a gland that is present in very young birds, but that shrinks and disap-
pears within one to two years. Supporting evidence for age can be found 
in moult patterns of the plumage. OSPAR uses a simple split in adult and 
non-adult birds, that is whether sex organs indicate if a bird has been 
breeding, or not. The non-adult bird group may include immatures and 
sub-adults up to considerable age, as fulmars on average only start 
breeding at 9 years of age (Ollason and Dunnet, 1978). 

Methodological details of stomach content analyses are specified in 
the Online Supplement to Van Franeker et al. (2011) and in annual 
Dutch reports (e.g. Van Franeker and Kühn, 2019). The OSPAR EcoQO is 
worded in terms of total plastic mass in stomachs but sometimes the 
presence of major categories of plastic like industrial plastic (‘pellets’) 
and user plastic (consumer debris) are considered separately (e.g. Van 
Franeker and Law, 2015). 

In the guidelines by OSPAR (2015) for EcoQO monitoring of plastic 
ingestion by fulmars in the North Sea area, the choice has been made to 
not use a single year for describing the ‘current situation’, but to use data 
from the most recent five years. The number of years is arbitrary, but 
largely avoids unexplained interannual variations and occasional years 
of low sample size. Calculated are the frequency of occurrence (pro-
portion of individual stomachs with any plastic), and the average 
number of particles and mass of plastic with standard errors. Geometric 
mean mass is often added as an additional figure that reduces the impact 
of exceptional outliers on the averages. The analyses use data from all 
individual birds (not the average of annual averages), including the 
birds without any plastic, so number and mass data represent ‘popula-
tion averages’. The mass data are used to calculate the required simple 
and single monitoring parameter: the proportion of birds in the sample 
exceeding 0.1 g of plastic mass. This proportion is referred to as EcoQ- 
Performance or EcoQ%. 

The second parameter prescribed by the OSPAR (2015) guidelines 
concerns the ‘recent trend’. 

The recent trend is calculated by simple linear regression of ln- 
transformed data for mass of plastics in individual birds against the 
year of collection. The standard test-period uses data from all in-
dividuals over the most recent ten years in the dataset. The period of ten 
years was arbitrarily chosen from the background that Dutch long-term 
data had shown considerable non-linear changes over longer time- 
periods (Van Franeker and Meijboom, 2002; Van Franeker et al., 
2011). The aim of the OSPAR trend analysis was to provide a simple 
indicator for the direction of change under current conditions of 
governmental policies and polluter behaviour (see also the OSPAR 
guidelines (OSPAR, 2015) and Van Franeker et al. (2011)). Linear tests 
over longer time periods are not directly helpful for policy decision 
making. The Intermediate Assessments of the monitoring system 
(OSPAR, 2017, 2019) often provide non-statistical visual illustrations of 
longer term ‘trends’ using graphs of running 5-year averages over all 
available monitoring data. Running annual averages each time re-uses 
data from earlier years to smooth out the noise of random outliers or 
years of small sample sizes. 

2.2. Addition 1: establishment of the MSFD Fulmar Threshold Value 

Lacking the possibility to calculate a Fulmar-TV that represents the 
MSFD requirement of no harm to the population or species, the 
threshold must be derived from the most pristine environment for which 

fulmar studies are available. In order to calculate such a near pristine 
Fulmar-TV, we used the original raw data from the following fulmar 
studies in the Canadian High Arctic:  

1) Mallory et al. (2006) presented data for 42 fulmars retrieved by a 
fisheries observer aboard a Norwegian longline fishing vessel oper-
ating between 15 August and 10 September 2002 in Baffin Bay be-
tween 67◦19′ to 69◦32′N and 58◦29′ to 65◦08′W.  

2) Mallory (2008) presented data for 102 fulmars collected by noose 
pole or shooting from the Cape Vera colony or vicinity (76◦15′N, 
89◦15′W), northern Devon Island, Nunavut, from 26 May to 22 
August 2003 and 14 May to 9 August 2004.  

3) Provencher et al. (2009) presented data on ten breeders captured 
with a noose pole from nest sites at Prince Leopold Island, Nunavut 
(74◦N, 90◦W) on 1 August 2008, and for 15 birds shot at sea on 4 
August 2008 within 5 km of the colony at Cape Searle, Nunavut 
(67◦15′N, 62◦35′W).  

4) Poon et al. (2017) added nine fulmars captured by noose pole from 
nests at Prince Leopold Island on 3 and 5 July 2013. For our calcu-
lations a tenth bird collected at the same date and location could be 
added (Provencher, pers. inf.). 

The combined dataset thus holds records for plastics in stomachs of 
179 fulmars from Arctic Canada over 2002–2013. All sample locations 
are within what is usually defined as the ‘High Arctic’. Because lat-
itudinal differences in plastic burdens may exist (Mallory, 2008; Van 
Franeker and Law, 2015), records were grouped into either High Arctic 
North (north of 70◦N, Cape Vera and Prince Leopold Island; n = 122) or 
High Arctic South (south of 70◦N, the collection locations near Cape 
Searle or at sea; n = 57). Original data from the 179 birds are provided in 
Supplementary material Section 9. Methods for dissections and stomach 
analyses in the Canadian studies were mostly similar to those used in the 
OSPAR monitoring, but partly miss details for age and sex. Where ac-
curate dates of collection were missing (Cape Vera data), the month of 
collection could be derived from the combination of sample numbers 
containing dates, and monthly totals for birds collected given in Fig. 2 of 
Mallory (2008). Month of collection is relevant because seasonal 
changes in quantities of plastics in the stomachs may occur (Mallory, 
2008; Van Franeker and Law, 2015). For the northern and southern 
Canadian samples plus seasonally split subsamples, the analyses include:  

➢ the number of stomachs  
➢ the average (± standard error) and maximum number of plastic 

particles per stomach, including zero records (population average)  
➢ the average (± standard error) and maximum mass (in g) of plastic 

per stomach, including zero records (population average)  
➢ the proportion of stomachs containing any plastic (Frequency of 

Occurrence, %FO)  
➢ the proportion of stomachs containing more than 0.1 g of plastic 

(EcoQ% = EcoQ-Performance). As recommended by Provencher 
et al. (2017) following Brown et al. (2001) the 95% confidence in-
tervals for %FO and EcoQ% are calculated using http://epitools. 
ausvet.com.au/content.php?page=CIProportion with the Jeffreys 
Interval  

➢ the 90th percentile of masses, that is the value in grams of plastic 
separating the 10% most polluted fulmars from the 90% cleaner 
birds in the sample (this percentile approach is also being used in 
other MSFD threshold assessments). 

An EU MSFD Threshold Value could of course be based on any 
average, or proportion or percentile of ingested plastic in the near 
pristine environment. However, we focus on the ‘proportion of birds 
with more than 0.1g of plastic in the stomach’ in the pristine situation. 
Such wording for the new Fulmar-TV matches the wording used in the 
earlier OSPAR EcoQO and thereby represents consistency in interna-
tional policy measures. 
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2.3. Addition 2: testing sample difference from the Fulmar-TV 

The Canadian data-derived Fulmar-TV makes it straightforward to 
quantify the difference in plastic abundance between the Fulmar-TV and 
any other sample, such as those from the North Sea. Tests are available 
to compare proportions, using sample sizes and proportions of the 
samples meeting a specific condition, in this case having more than 0.1 g 
of plastic in the stomach. We used the 2-sample z-test to compare sample 
proportions, as provided by Sergeant (2019) at http://epitools.ausvet. 
com.au/content.php?page=z-test-2. In addition to the statistical proba-
bility value, this provides information about whether the test can be 
considered appropriate in relation to sample sizes and proportions. 
Similar tests to analyse binomial proportions are available in other 
statistical packages (e.g. Genstat, VSN International, 2017), but we 
recommend the 2-sample-z-test because it provides a standard and easily 
applied test that is freely accessible via internet. 

2.4. Addition 3: testing and predicting long term trends towards the 
Fulmar-TV 

In the annual updates of the fulmar monitoring program in the 
Netherlands, starting with the 2017 update report (Van Franeker and 
Kühn, 2018), an additional approach has been developed to directly 
evaluate the progress towards the OSPAR long-term target. This uses 
annual figures of EcoQ-Performance over longer time frames, for 
example for the Netherlands a period of 41 years since 1979 or 17 years 
of international North Sea monitoring since 2002 (Van Franeker and 
Kühn, 2019). The approach is not suitable for short periods such as the 
ten years used for recent linear trends because only ten datapoints will 
rarely lead to reliable and consistent conclusions. Longer series of 
annual data can be analysed in a GLM approach (Generalized Linear 
Modelling; VSN International, 2017), more specifically in a logistic 
analysis dedicated for binomial distributions (number of birds in the 
sample and number of birds above the Fulmar-TV) and using logit 
transformation. A similar type of analysis is already used for OSPAR- 
related analyses of long-term rates of oiling among seabirds (cf. Cam-
phuysen, 2019). The logistic approach models a sigmoid shaped curve 
over longer time periods by assuming a start to end process which 
considers that initial reductions from highest values will be difficult and 
slow, intermediate changes can potentially be fast, but final changes 
towards the lowest values will again increase in difficulty and are ex-
pected to be slow. If the statistical trend based on observed data of 
annual EcoQ% is significant, as it was in the Dutch data (Van Franeker 
and Kühn, 2019), the logistic model can be used to predict EcoQ- 
Performance in future years and includes an estimated year of reach-
ing the target. The predictive model of the trend may be used to set 
intermediate policy targets in relation to ultimately reaching the 
Fulmar-TV. 

2.5. Implementation of existing and new analytical tools in North Sea 
monitoring 

Since the start of the international monitoring program in 2002 (Save 
the North Sea, 2004) and up to 2018, data were collected on 2661 ful-
mars from the North Sea Region. In this figure, stomachs damaged by 
scavengers or decayed to the extent that part of the contents could have 
been lost, were excluded. Also, birds kept in rehabilitation centres for 
more than three days before dying, were excluded because of the 
gradual disappearance of plastics from stomachs under clean conditions 
(Van Franeker and Law, 2015; Terepocki et al., 2017). 

The OSPAR (2008, 2009) EcoQO definition requires a subregional 
split of the North Sea region. OSPAR (2015) defined five arbitrarily 
bordered, subregions (Fig. 1). With their short name and number of 
fulmars collected over the 2002–2018 period, these are: 1) Shetland and 
Orkney Islands (‘Scottish Islands’; n = 272); 2) the eastern coast of 
mainland United Kingdom (‘East-Eng-Sco’; n = 170); 3) the Channel 

bounded by southern England and northern France (‘Channel’; n = 146); 
4) the south-eastern North Sea coasts of Belgium, the Netherlands and 
Germany (‘SE-NorthSea’; n = 1776); 5) the Skagerrak, combining 
Denmark, Sweden, and southwestern Norway (‘Skagerrak’; n = 297). 
Full subregional sample details are provided in the Table S1 of the 
Supplementary material Section 3. 

3. Results 

3.1. Establishment of the Fulmar Threshold Value 

For the dataset of 179 fulmars from the near pristine Canadian 
Arctic, the proportion of birds having more than 0.1 g of plastic in the 
stomach was 10.06%, almost identical to the arbitrarily chosen 10% in 
the OSPAR EcoQO definition (Tables 1 and 2). The 90th percentile value 
was 0.0992 g, very close to the arbitrarily chosen 0.1 g mass level used in 
the OSPAR EcoQO definition. The 0.1 g separator value from the OSPAR 
target definition or the 0.0992 g percentile value produced exactly the 
same output in terms of bird numbers: 18 of the 179 Canadian Arctic 
fulmars (10.06%) were above the separator value. 

The overall calculation for the 179 Canadian birds conceals that the 
subsamples come from different locations and different seasons. Both 
variables may influence the results. When the data are split into south-
ern and northern sampling locations (Table 1), it is clear that, as indi-
cated earlier (Mallory, 2008; Van Franeker and Law, 2015), there is 
more ingested plastic in the southern locations (EcoQ% 15.79%) than 
the northern ones (EcoQ% 7.38%). The southern birds do not comply 
with the OSPAR EcoQO, whereas the northern ones are cleaner and do 
comply. 

In addition to location, a seasonal gradient in the amount of plastics 

Fig. 1. Subregions in the Greater North Sea (OSPAR Region II) used in the 
OSPAR monitoring program of plastic particles in stomachs of beached fulmars. 
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in the Canadian fulmars’ stomachs should be taken into account. De-
creases of plastic over summer months have been observed (Mallory, 
2008; Van Franeker and Law, 2015), possibly due to initial quantities of 
plastics being elevated from wintering in more polluted areas to the 
south such as the Newfoundland-Labrador area. These particles are only 
gradually eroded and fragmented in the gizzard (Van Franeker and Law, 
2015), and during summer the stomach contents will gradually more 
reflect the local level of plastic pollution. Table 2 demonstrates this 
seasonal effect for the northern birds only (southern birds were only 
collected in August). Samples from May and June were combined and 
compared to those from July and August because samples sizes for May 
(n = 8) and August (n = 22) were too low to allow monthly analysis of 
the data. A seasonal reduction is strongly suggested by a c. 50% decrease 
in number and mass of plastics, as well as in the EcoQ% and 90th 
percentile value from May–June to July–August. 

The 2-sample z-test comparing sample proportions in the EcoQ% 
between the southern Canadian Arctic birds (n = 57, proportion of 
0.1597 above 0.1 g) and northern ones (n = 122, proportion of 0.0738 
above 0.1 g) revealed that the difference suggested by Fig. 2A was not 
statistically significant (p = 0.0814). The difference between the 37 
early, and 85 late season fulmars (Table 2) was insignificant in the 2- 
sample z-test (p = 0.3382), but also labelled as being inappropriate to 
the data used. The same applied to the most distant subsamples of 57 
fulmars from the south and 85 fulmars from late in the season in the 
north. The calculated p value (p = 0.0522) was nearly significant, but 
labelled as an inappropriate test. 

The above analyses did not consider year of collection which could 
be relevant because subsamples were collected over a considerable time 
period. Multivariate GLM analyses (VSN International, 2017) to include 
individual details on capture method, location or latitude, year, and 
month failed because terms in the models were strongly aliased. If data 
were pooled using the above split at 70◦N, the northern and southern 
groups showed no significant difference in ingested plastic mass and 
year or month of collection made no significant contribution to the 
model. When using binomial proportions of birds above or below 0.1 g 
plastic, the difference between northern and southern birds was 
borderline significant (p = 0.050) but interannual (year p = 0.189) or 
seasonal (month p = 0.241) variations made no relevant contribution to 
the model. 

3.2. Plastic ingestion by North Sea fulmars as formerly evaluated by 
OSPAR 

Recent 5-year averages for the abundance of plastics in fulmar 
stomachs in the North Sea and its subregions (Table 3 and Fig. 3) indi-
cate mostly relatively minor subregional differences but clearly elevated 
presence of plastics in the Channel subregion. Fig. 3 compares the EcoQ- 
Performance in the North Sea to more incidental observations in more 
northern locations in the Atlantic OSPAR area, showing reduced abun-
dance of plastic when going further north. Data specifying industrial and 
user plastic details underlying Table 3 are provided in Table S2 in 
Supplementary material Section 4. 

The linear trends in ingested plastic mass over the years 2009–2019 
showed negative slopes in all subregions, indicating reduction, but sig-
nificant trends of decrease were only seen in the south-eastern subregion 
and for the total North Sea (Table 4). Full details of linear regression 
results for all subregions and major plastic categories are provided in 
Tables S3 to S11 and Fig. S2 of Supplementary material Sections 5 to 6. 

In addition to these mandatory elements from the OSPAR Guidelines, 
Dutch annual reports (e.g. Van Franeker and Kühn, 2019) and OSPAR 
Intermediate Assessments (OSPAR, 2017, 2019) often provided graphs 
of running 5-year averages plastic mass or EcoQO%, for illustration 
purposes of longer term changes and their background. For example, 
Fig. 4 shows the subregional EcoQ% data over the full period 
2002–2018. 

One issue that may complicate analyses of data on plastic ingestion 
in terms of the Fulmar-TV or trends over time, is that younger fulmars on 
average have more plastic in their stomachs than adults (Van Franeker 
and Meijboom, 2002; Van Franeker et al., 2011; Van Franeker and Law, 
2015; Van Franeker and Kühn, 2019). When viewed by running 5-year 
averages, this age difference is clearly visible in the entire North Sea 
dataset (Fig. 5). Thus, changes in age composition in samples could in-
fluence trends observed in averaged results. 

3.3. The MSFD approach to test for compliance with the Fulmar-TV 

Using the epitools 2-sample z-test test to evaluate the most recent 
2014–2018 North Sea data (393 birds, 51.15% over 0.1 g) for compli-
ance with the Fulmar-TV (197 birds, 10.06% over 0.1 g), the difference 
is highly significant (p < 0.0001), and the same is true for all North Sea 
subregions. Also the incidental samples from other areas were all 
significantly different from (mostly far above) the Fulmar-TV (Faroe 
Islands p < 0.0001; Iceland p = 0.0007; North Norway p < 0.0001; 

Table 2 
Plastic abundance in fulmars from the northern Canadian High Arctic in relation to seasonal variation and their potential use in an MSFD Fulmar-TV. The EcoQ% is 
given in high detail in order to document the subtle differences with the arbitrary OSPAR long term target (EcoQO 10%).   

High Arctic North May–June July–August 

Number of stomachs 122 37 85 
Average number n ± se (max) 2.25 ± 0.55 (54) 3.92 ± 1.63 (54) 1.53 ± 0.35 (22) 
Average mass g ± se (max) 0.04 ± 0.01 (1.35) 0.07 ± 0.04 (1.35) 0.03 ± 0.01 (0.44) 
%FO (confidence limits) 40% (32%–49%) 35% (21%–51%) 42% (33%–53%) 
EcoQ% (confidence limits) 7.38% (3%–13%) 10.81% (4%–24%) 5.88% (2%–12%) 
90th percentile (g) 0.0791 0.1320 0.0791  

Table 1 
Plastic abundance in fulmars from the Canadian High Arctic in relation to regional variations and their potential use in an MSFD Fulmar-TV. The EcoQ% is given in 
high detail in order to document the subtle differences with the arbitrary OSPAR long term target (EcoQO 10%).   

All High Arctic Canada South (Aug) North 

Number of stomachs 179 57 122 
Average number n ± se (max) 2.47 ± 0.43 (54) 2.95 ± 0.64 (21) 2.25 ± 0.55 (54) 
Average mass g ± se (max) 0.04 ± 0.01 (1.35) 0.05 ± 0.01 (0.57) 0.04 ± 0.01 (1.35) 
%FO (confidence limits) 43% (36%–50%) 49% (36%–62%) 40% (32%–49%) 
EcoQ% (confidence limits) 10.06% (6%–15%) 15.79% (8%–27%) 7.38% (3%–13%) 
90th percentile (g) 0.0992 0.1425 0.0791  
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Svalbard p = 0.0305). All tests are evaluated as appropriate showing 
that nowhere in the OSPAR area the Fulmar-TV is being met. From Fig. 4 
it is evident that the same applies to all North Sea data back to 2002. 
Further back, in the 1980s in the Netherlands (Van Franeker and Kühn, 
2019), 67% of 70 birds had more than 0.1 g of plastic (p < 0.0001 for z- 
test difference with TV). Dutch data peaked in the 5-year period 
1993–1997 with 76% of 41 fulmars in excess of 0.1 g plastic. For Iceland, 
contradictory EcoQ% data are reported: Fig. 3 and Fig. 4 use the value 
published in Kühn and Van Franeker (2012) but other incidental reports 
indicate substantial EcoQ% variations that range from a high 47.5% 
(Trevail et al., 2014) to a low 14.6% in the recent report by Snæþórsson 
(2019). Seasonal and unexpected sex or age differences may be involved 
here and necessitate a detailed and shared data analysis to explain 

Fig. 2. The geographical and seasonal variations in averaged data (±se) 
occurring within the overall sample of all 179 fulmars from High Arctic Canada. 
For sample sizes and additional details see Tables 1 and 2. Panel A. average 
number of plastic particles, B. average mass of plastic, and C. EcoQ- 
Performance. 

Table 3 
Recent 5-year averaged data for plastics in stomachs of beached fulmars from the five North Sea subregions and the overall combined region.  

2014–2018 (sub)region(s) Sample n EcoQ% (over 0.1 g) %FO Average number n ± se Average mass g ± se Geometric mean mass 

1. Scottish Islands  53 49% 87% 21.7 ± 5.6 0.32 ± 0.10  0.07 
2. East-Eng-Sco  41 51% 90% 25.1 ± 5.1 0.17 ± 0.05  0.06 
3. Channel  22 68% 86% 24.4 ± 7.6 0.43 ± 0.14  0.10 
4. SE-NorthSea  240 50% 93% 20.8 ± 3.0 0.27 ± 0.03  0.07 
5. Skagerrak  37 49% 97% 19.1 ± 4.3 0.15 ± 0.03  0.07 
North Sea total  393 51% 92% 21.4 ± 2.1 0.26 ± 0.03  0.07  

Fig. 3. EcoQ-Performance of fulmars in the North Sea monitored over the most 
recent 5-year period 2014 to 2018, compared to more incidental data obtained 
for Faroe Islands (Van Franeker et al., 2011), Iceland (Kühn and Van Franeker, 
2012), North Norway (Herzke et al., 2016) and Svalbard (Trevail et al., 2015). 

Table 4 
Linear regression trends in ingested mass of plastic by fulmars in the North Sea 
and its subregions for the recent 2009–2018 10-year period. All slopes are 
negative, n.s. indicates a non-significant trend (p > 0.05), ‘-’ indicates a signif-
icantly negative trend at p ≤ 0.05.  

10-Year trend 
2009–2018 

n Constant Slope s.e. t p  

01 Scottish 
Islands  

128  106  − 0.054  0.053  − 1.02  0.308 n. 
s. 

02 East-Eng- 
Sco  

79  154  − 0.078  0.070  − 1.12  0.268 n. 
s. 

03 Channel  31  130  − 0.067  0.168  − 0.04  0.694 n. 
s. 

04 SE NorthSea  783  97  − 0.050  0.023  − 2.12  0.034 – 
05 Skagerrak  96  120  − 0.061  0.067  − 0.91  0.368 n. 

s. 
North Sea total  1117  95  − 0.048  0.019  − 2.55  0.011 –  
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sample differences. 

3.4. The MSFD approach to predict long term trends with reference to the 
Fulmar-TV 

With an increasing number of years of monitoring, it has become 
possible to test directly for trends in the annual figures of EcoQ% by 
logistic regression, thus making a direct link with the Fulmar-TV. Un-
fortunately the logistic trend on EcoQ% against year for all North Sea 
subregions combined is not significantly downward (p = 0.055), and 
thus should not be used to predict its future trajectory. Lower signifi-
cance may be a consequence of bias from age and potentially sex, caused 
by an unusual and extremely large sample of adult females in 2004. If 
age (adult proportion) is included as a covariate in a more advanced 
logistic model, both year and age contribute significantly (both at 
p < 0.001) to a decreasing trend in the proportion of fulmars exceeding 

the 0.1 g level. This model (Fig. 6; details in Table S12 of Supplementary 
material Section 7) predicts that, if current rates of change persist, the 
Fulmar-TV may be reached by about the year 2054. 

If also sex (male proportion) is added to the model it makes a non- 
significant contribution (p = 0.081) but predicts crossing of the 
Fulmar-TV about 5 years earlier, that is around 2049 (Fig. S3 in Sup-
plementary material Section 7). The disturbing role of the exceptionally 
large 2004 sample dominated by adult females, can also be seen if only 
data for years 2005–2018 are considered (14 years of data; 1824 ful-
mars). In that calculation declines in three of the five subregions are 
significant in linear regressions and highly significant (p < 0.001) for 
total North Sea (Table S10 in Supplementary material Section 6). In the 
logistic regression of annual EcoQ% after 2005 the trend is significant 
downward (p < 0.001) with the trendline crossing the Fulmar-TV by the 
year 2067 (Fig. S4 in Supplementary material Section 7). Further 
attempted refinements to the logistic model, such as adding subregions 
or proportions of industrial plastics did not improve the overall model. 
When scaled down to separate subregional levels, most logistic re-
gressions of EcoQ% against year over the 2002–2018 period do not 
reach significance. Only data for the southeastern North Sea indicate a 
significant downward trend (p = 0.022) as was suggested earlier by 
Dutch data (Van Franeker and Kühn, 2019). Also here, adding age as a 
covariate to the subregional analysis strengthens results (p < 0.001) but 
relations in the other subregions remain insignificant, probably due to 
smaller annual sample sizes at the subregional level. 

4. Discussion 

4.1. MSFD Threshold Value 

In the assessment of the Fulmar-TV from the near-pristine Canadian 
Arctic, regional and seasonal variations were present in subsamples. In 
the strictest interpretation of the pristine area concept, data from only 
the most northern July–August sample (n = 85) could be used. In terms 
of proportions of birds accepted to exceed a 0.1 g plastic mass level, this 
would mean a considerably lower threshold of 5.88% between 95% 
confidence limits 2.3% to 12.4% (Table 2). Other subsamples used to 
construct the Canadian pristine Fulmar-TV show explainable differences 
but are not statistically significant or insufficiently different to allow 
statistical tests at available sample sizes. This illustrates that a ‘data- 
derived’ Fulmar-TV is not a simple arithmetic exercise, but will always 
involve arbitrary decisions over variable data sources. Here, we decided 
that the larger combined sample size of 179 fulmars with the inclusion of 
some known spatial and seasonal but potentially also other sources of 
variability, was preferred over smaller subsets of the samples. Compli-
cations with running the 2-sample test on smaller samples are discussed 
below. A practical advantage of using the combined High-Arctic Cana-
dian Fulmar-TV is that it is extremely close to the long-term OSPAR 
EcoQO which had been originally formulated without reference to the 
‘pristine area’ concept. It means that a new, data-based definition for the 
MSFD Fulmar-TV can be directly derived from the wording for the 
OSPAR EcoQO, as they are almost identical. 

Recently, Baak et al. (2020) provided plastic ingestion data for 29 
fulmars caught in 2018 in the same area as the southern Canadian 
subsample in Table 1. It was decided to not include these for recalcu-
lating the Fulmar-TV, but to consider them as a first sample for temporal 
changes in the Canadian Arctic. The reported proportion of birds 
exceeding 0.1 g of plastic in the stomach was very low (1 bird, 3.45%) 
which might suggest improved environmental conditions. However, the 
comparisons to the Fulmar-TV were labelled as inappropriate due to 
inadequate sample sizes. As also stated by the authors, statistically sig-
nificant evidence for change will require further sampling in selected 
locations and months. 

Fig. 4. EcoQ-Performance (the proportion of fulmars with more than 0.1 g of 
plastic in the stomach) in different subregions of the North Sea and the wider 
OSPAR area since 2002 visualized by running 5-year average datapoints, 
compared to point estimates further north in the OSPAR area. Subregional data 
are specified in Tables S3 to S7 in Supplementary material Section 5. Incidental 
data for Faroe Islands, Iceland, N. Norway and Svalbard were taken from resp. 
Van Franeker et al. (2011), Kühn and Van Franeker (2012), Herzke et al. 
(2016), and Trevail et al. (2015). 

Fig. 5. EcoQ-Performance in the North Sea since 2002 visualized by running 5- 
year average datapoints, and the impact from changing age proportions in the 
samples. Younger birds (juveniles and immatures) consistently have more 
plastic in the stomach than adult birds. 
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4.2. The OSPAR evaluation of plastic ingestion in North Sea fulmars 

Results for the recent 2014–2018 period (Table 3) indicate that in the 
North Sea environment 51% of 393 fulmars exceeded the 0.1 g level 
(92% had plastic; on average 21 pieces and 0.26 g). For the earlier 
2012–2016 period, OSPAR (2019) reported that 56% of 514 fulmars 
exceeded the level of 0.1 g of plastic in the stomach: 95% of all birds 
contained plastic, and average values were 31 particles and 0.28 g of 
plastic per bird. Thus, in terms of EcoQO performance and other figures 
the situation seems to have slightly improved. Compared to earlier an-
alyses (OSPAR, 2017, 2019) subregional differences within the North 
Sea have weakened. The Channel area is still the most polluted, but 
going north along western and eastern coasts the decreases have become 
less pronounced than earlier reported (Table 3; Fig. 3). Fulmars from the 
North Sea area suffer from considerably higher pollution levels than 
those found in fulmars from more northern and Arctic study locations in 
the OSPAR area (Fig. 3), but also those did not meet the OSPAR EcoQO. 

In the North Sea, linear regressions of ingested plastic mass over the 
most recent ten years of data confirmed a downward trend in all sub-
regions (negative slopes in Table 4), but were only significant when 
sample sizes are large, as for the southeastern North Sea or overall 
regional data. Over longer time periods since 2002, EcoQ-Performances 
by 5-year averages in Fig. 4 do not directly reveal consistent trends 
(details in Supplementary material Sections 5 and 6). The graphs give a 
suggestion of some initial increases followed by later declines. In 
conclusion, mass of plastics in stomachs of fulmars from the North Sea is 
clearly declining in recent years, but over the full time frame of the SNS 
study the results are variable and sometimes even opposite. 

As illustrated in Fig. 5 adult fulmars have less plastic in their stomach 
than younger birds. The proportions of different age groups in samples 
could thus influence the results. For example, around 2004 there was a 
highly unusual situation with a mass mortality in the North Sea of 
predominantly adult females (Van Franeker, 2004b; Van Franeker and 
the SNS Fulmar Study Group, 2011; see Table S1 in Supplementary 
material: nearly 80% of the exceptionally large 2004 sample were adult 
females). Consequently, in the early years the population average (grey 
diamond symbols in Fig. 5) starts closer to the adult line and gradually 
moves towards the non-adult line. This causes some age-related bias in 
the overall data, but in the early years, the adult and non-adult EcoQ% 
increased independently, indicating that age ratio was not the only 

cause of the observed pattern. Also, linear regressions for the recent 10- 
year period (Table 4) support the similar trends visualized in Fig. 5. 
Because the two age groups largely follow the same trend, their com-
bined use in presenting and interpreting monitoring results can be 
continued. 

Analyses as prescribed by the current OSPAR guidelines (OSPAR, 
2015) could not go beyond the rather non-specific conclusion that in the 
North Sea, fulmars show a recent tendency of decreasing plastic inges-
tion, but that the OSPAR target in the North Sea as well as other OSPAR 
locations is still far off. 

4.3. The MSFD approach: when is the Fulmar-TV reached? 

For all known fulmar populations in the northeast Atlantic OSPAR 
area, the epitools 2-sample z-test assesses their EcoQ-Performance as 
significantly different from (higher than) the Fulmar-TV. Also fulmars 
from Svalbard, in which 9 out of 40 fulmars (22.5%) exceeded the 0.1 g 
level (Trevail et al., 2015) are assessed as significantly different 
(p = 0.0305) from the Fulmar-TV. Svalbard is a High Arctic environment 
in the northeast Atlantic, but differs from the Canadian sample locations 
in that the Canadian area mainly receives water from the Arctic Ocean, 
whereas waters around Svalbard mainly have an origin in the warm Gulf 
Stream from the south (AMAP, 1998; Fig. S1 in Supplementary material 
Section 2B), which actually may end in the Barents Sea in a gyre accu-
mulating plastics (Van Sebille et al., 2012). 

With current levels of plastic ingestion by fulmars in the northeast 
Atlantic, the statistical test is hardly needed to conclude that the situa-
tion is far off the EcoQO or Fulmar-TV. But in future, after intended 
marine litter reductions, interpretation of test results becomes critical to 
decide if a specific policy target has been met. In this, it is important to 
be aware that the statistical test only assesses whether two samples are 
statistically different: when the difference is not significant it provides 
no evidence that the samples are equal, i.e. that the target is actually 
met. How then do we interpret results? 

In a strict statistical sense, the conclusion ‘Fulmar-TV reached’ de-
mands that the tested sample is significantly lower than the Fulmar-TV. 
As an example, no more than three birds in a sample of 100 fulmars 
could exceed 0.1 g of plastic (p = 0.03) because already four birds in 100 
(p = 0.07) do not differ statistically from the Fulmar-TV. Alternatively, 
when approaching the Fulmar-TV from above: already with 18 in 100 

Fig. 6. Observed annual EcoQ-Performances (loose open 
circles) among fulmars in the North Sea 2002–2018 and the 
derived logistic regression model of annual EcoQ- 
Performances using age (proportion adults) as a covariate. 
The analysis combines observations for the whole North Sea 
region (2661 birds divided over 17 annual datapoints) and 
models the trajectory for reaching the Fulmar-TV if rates of 
change continue at the same strength as observed up to 
2018. The small dots in the modelled curve represent 
annual estimates for EcoQ% with standard error. For data 
underlying the analysis and graph, see Table S12 in Sup-
plementary material Section 7.   
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birds having more than 0.1 g of plastic the difference between sample 
and the Fulmar-TV is not significant (p = 0.058). In conclusion it ap-
pears that the z-test loses power when the Fulmar-TV is approached. In a 
test-sample of 100 birds the test thus indicates non-significant differ-
ences when between 4% to 18% of fulmars exceed 0.1 g of plastic in the 
stomach. A substantial increase in the tested sample size above 100 does 
not lead to serious improvement, whereas smaller sample sizes rapidly 
aggravate the problem. A policy decision when to decide to ‘target 
reached’ is thus complicated and may opt for significantly under the 
Fulmar-TV, the actual percentage, or no significant difference. In any of 
these a reasonable sample size is required, for which we propose 100 
fulmars in the tested sample. 

Annual EcoQ% data may be used to evaluate long-term trends which, 
if significant, could be used to predict when in future the Fulmar-TV 
might be reached. The simplest logistic model evaluating the EcoQ% 
against year over the 2002–2018 period in the total North Sea proved 
not significant. However, including age (the proportion of adults) as a 
covariate resulted in a highly significant model showing a downward 
trend and predicted that the Fulmar-TV may be reached around the year 
2054. The addition of other covariates (sex, subregions, or proportions 
of plastic) did not improve to the model significantly. 

Logistic regressions such as the one in Fig. 6 may assist policy makers 
in EU MSFD to decide on intermediate targets. It is clear that the Fulmar- 
TV will not have been reached by the original planned overall GES year 
of 2020. If the observed 2002–2018 trend is considered to represent an 
acceptable rate of improvement, its continuation may result in reaching 
the Fulmar-TV in about 35 years. In that scheme, intermediate North Sea 
threshold values could be set at model values for specific years, e.g. 41% 
in 2020, 29% in 2030, and 19% in 2040 (see Table S12 in Supplemen-
tary material Section 7). It must be emphasized that the modelled 
decrease of plastics in fulmars assumes continued new efforts by all 
stakeholders to further reduce the input of plastic debris into the envi-
ronment. Without additional efforts, the predicted slope will not persist 
and will lead to delay in reaching the Fulmar-TV. 

For both types of trend analyses (linear 10-year; logistic long-term) it 
is evident that at current rates of change, significance is not easily 
reached at the subregional level. Sharing data at the regional North Sea 
level is essential to obtain sample sizes that allow robust conclusions. 

5. Conclusions 

Results presented in this paper may be used to update guidelines for 
the monitoring program of plastic particles in fulmar stomachs in line 
with the threshold value approach required in EU MSFD. It is proposed 
that the MSFD Threshold Value for ingested plastics by fulmars (Fulmar- 
TV) is worded as: 

Over a period of at least five consecutive years, no more than 10% of 
northern fulmars (Fulmarus glacialis) in samples of at least 100 birds may 
exceed the level of 0.1 g of plastic particles in the stomach. 

This TV should be considered as fixed, and is only reconsidered if 
clear and extensive data on harm caused from plastic ingestion becomes 
available. This is not expected to happen in the near future. 

It is recommended that future assessments of the fulmar monitoring 
program include:  

1. the ‘current’ level of plastic ingestion as described by population 
averages with standard error for the number and mass of plastic 
particles and the EcoQ% for the most recent 5-year period.  

2. a binomial proportion test (e.g. the 2-sample z-test in Sergeant 
(2019)) to evaluate compliance of the studied sample with the 
Fulmar-TV based on the Canadian Arctic dataset of 179 birds of 
which 10.06% had more than 0.1 g of plastic.  

3. the recent trend in ingested mass of plastic as assessed by linear 
regression of normalized plastic mass data for all individual fulmars 
against year of death over the most recent 10-year period.  

4. a test of the long-term trend and progress towards reaching the 
Fulmar-TV using logistic regression of annual proportions of the 
EcoQ% since the start of the monitoring program in 2002. Results of 
such models may be used to set intermediate targets until the 
required Fulmar-TV is reached. 

In this format, the assessment of the fulmar monitoring program in 
the North Sea over the 2002–2018 period has resulted in:  

1. The current level of plastic ingestion by North Sea fulmars 
(2014–2018; 393 birds) is that 51% exceed the 0.1 g level, and 92% 
of all birds contained some plastic with an average number of 
21.4 ± 2.1 particles and plastic mass of 0.26 ± 0.03 g per bird.  

2. The 2-sample z-test shows that this level is significantly above the 
Fulmar-TV (p < 0.0001).  

3. Over the recent 10-year period (2009–2018; 1117 fulmars) linear 
regression showed that plastic mass in 1117 birds decreased signif-
icantly (p = 0.011). 

4. Logistic regression of annual EcoQ% (17 years, 2661 fulmars) in-
dicates a significant long-term decline (p < 0.001 if age included) 
and predicts reaching of the Fulmar-TV by the year 2054. If this trend 
persists, intermediate threshold values could aim for less than 41%, 
29% and 19% of birds exceeding the 0.1 g level in respectively 2020, 
2030 and 2040. 

Threshold definitions like the above reluctantly accept that, in policy 
terms, it may be unrealistic to aim for a level of zero plastics, which 
would be the truly pristine reference level for plastic in the environment. 
All plastics are man-made, do not belong in the environment, and at the 
level of individual organisms any plastic item may represent some risk of 
harm. The photos in Fig. 7 illustrate the implications of the 10% target of 
0.1 g of ingested plastic and may act as a reminder that when current 
policy targets are met, there is still very good reason to continue efforts 
towards further reduction. 

Fig. 7. Near threshold examples of plastics 
in fulmar stomachs. Fulmar NET-2017-018 
contained a single industrial granule and 
11 user plastic items, with a combined mass 
of 0.1174 g, so slightly above the mass level 
used in the OSPAR EcoQO and MSFD 
Fulmar-TV. The stomach of fulmar NET- 
2017-024 contained 28 user plastic parti-
cles, weighing 0.0954 g, so just under the 
0.1 g level. The Fulmar-TV implies that no 
more than 10% of the birds may contain the 
amount of plastic or more as in the left 
photo. However, up to 90% of birds are still 
allowed to have a quantity of plastics up to 
that shown in the right photograph.   
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