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Bird eggs are a good matrix for the measurement of environmental contaminants, especially those 

contaminants that biomagnifies through the food web. The purpose of this report is to create an overview 

of the usefulness of three species (Eurasian oystercatcher, common tern and great cormorant) as 

indicator species for (local) contaminant monitoring within the Swedish National Monitoring Programme 

for Contaminants in Marine Biota. Eurasian oystercatcher and common tern has been part of the 

monitoring programme since 2011. No monitoring of the great cormorant has taken place in Sweden. 

We present data that show that the great cormorant is placed at the highest trophic level (~4) followed 

by common tern (~3.5) and the Eurasian oystercatcher (~3). This is reflected in higher contaminant 

concentrations for the great cormorant. Great cormorant and common tern thus better reflect the trophic 

level suggested for monitoring of marine systems (4.5-5).and suggests that this species might be a good 

choice as an indicator species. The Eurasian oystercatcher and the great cormorant are represented in 

both freshwater and marine environments, but while the great cormorant population is increasing that of 

the Eurasian oystercatcher is declining in Sweden. However, long time series for Eurasian oystercatcher 

and common tern within another European network (TMAP) means that there with these species are a 

possibility of conducting comparative studies across multiple European sites. 

We find that the contaminant fingerprint seem more comparable between Eurasian oystercatcher and 

common tern than guillemot eggs from the Baltic Proper and that the pattern of both species in general 

compare to the local food web. For the temporal trends on the other hand, the fat soluble contaminants 

in Eurasian oystercatcher show increasing trends opposite to that of common tern. Such an increase is 

not observed at other European stations. The contaminant levels also indicate some unexplained 

deviations from the trophic levels between Eurasian oystercatcher and common tern. Thus, while both 

Eurasian oystercatcher and common tern seem to represent the local food web to some extent, there 

are several unexplained patterns that suggest a need to continuously monitor both species. 
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1 Introduction 

Bird eggs are a good matrix for measurements of environmental contaminants, especially those 

contaminants that biomagnify through the food web (see for example Becker et al. [1993]; Miller et 

al. [2014]). Eggs are often easy to collect, handle and store. However, particularly at northern 

latitudes, birds often employ a migratory strategy. Birds that migrate can accumulate environmental 

contaminants abroad and the contaminants accumulated in their body and transferred to their eggs, 

may therefore not represent local sources. Understanding the origin of the contaminants measured 

in eggs are therefore important for national monitoring programs where there is a natural focus on 

local contaminant loading. In addition to migration, the origin of contaminants in the bird eggs is 

also influenced by the breeding strategy of the birds. Migrating birds that employ a capital breeding 

strategy (uses stored endogenous resources to finance reproduction) can in some cases be less 

suitable for measuring locally / nationally derived contaminants than birds with an income breeding 

strategy (uses nutrients incorporated by the female during the courtship period to finance 

reproduction). Thus, choosing the right bird species are important for the outcome of a monitoring 

programme. 

In the Swedish National Monitoring Programme for Contaminants in Marine Biota (SNMP), eggs 

from three species of birds are currently collected annually and analysed for a suite of 

environmental contaminants. Common guillemot (Uria aalge) eggs have been collected from the 

late 1960’s from St. Karlsö in the Baltic Proper and form a cornerstone of the SNMP. Guillemots 

nesting at St. Karlsö commonly overwinter in the Baltic and contaminants represent local sources. 

Eggs from common tern (Sterna hirundo) and Eurasian oystercatcher (Haematopus ostralegus) are 

more recent additions to the SNMP (from c. 2011) and are collected from one location on the west 

coast of Sweden (Tjärnö). They were added to the SNMP after a pilot study that showed that 

common terns and Eurasian oystercatcher eggs were a suitable matrix for temporal and spatial 

monitoring of contaminants in the marine environment of the North Sea [Dittmann et al., 2011]. 

The population of the Eurasian oystercatcher is declining on the Swedish west coast [Richard et al., 

2019] and it has been questioned whether a disturbance of colonies during egg collection is 

necessary. In addition, the choice to use the Eurasian oystercatcher as an indicator species for the 

contaminant pressure on the Swedish west coast has been questioned due to its migratory 

movements and egg formation strategy (it is thought to be a capital breeder), which means that the 

species might not provide a measure of locally derived contaminants. The great cormorant 

(Phalacrocorax carbo) is an alternative top predator with an income breeding strategy that could be 

included in the SNMP.  

The purpose of this report is to create an overview of the usefulness of the three bird species, 

Eurasian oystercatcher, common tern and great cormorant, as indicator species for local and 

regional contaminant monitoring within the SNMP. The report presents a compilation of literature 

and observational data for common tern, Eurasian oystercatcher and cormorant as well as other 

species within the marine food web supporting the evaluation. 
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2 Bird species distribution and migration patterns 

2.1 Common tern (Sterna hirundo) 

Common tern feed mainly on small fish and is considered a top-predator in the marine food web 

[Lemmetyinen, 1973; Reindl and Falkowska, 2019]. The population estimates in Sweden is 18 000-

33 000 pairs [BirdLife International, 2015]. It is a highly migratory seabird with a circumpolar 

distribution. Many are recovered in Africa south of Sahara, mainly South Africa, Ghana, Namibia, 

and Angola [Fransson et al., 2008] but have northern breeding areas [Austin, 1953; Becker and 

Ludwigs, 2004]. The common tern normally inhabits Sweden from April-May to September-

October [Becker and Ludwigs, 2004] but some birds start autumn movements earlier [Fransson et 

al., 2008]. The birds are widespread along the Baltic and Swedish west coast as well as inland in the 

southern parts of the country  [Becker and Ludwigs, 2004]. The breeding period ranges from May to 

July [Becker and Ludwigs, 2004]. The common tern lays up to three eggs that hatch after 21–22 

days. The common tern is considered to be an income breeder, i.e. substances forming the eggs 

largely originate from nutrients incorporated by the female in the two weeks of courtship feeding by 

the male mate immediately before egg-laying [Wendeln and Becker, 1996]. In the breeding season, 

foraging of common terns takes place in comparatively small distances, mostly within 10 km of the 

breeding colony [Becker et al., 1993].  

2.2 Eurasian oystercatcher (Haematopus ostralegus) 

The Eurasian Oystercatcher is a wader primarily found at estuarine mudflats, saltmarshes and sandy 

and rocky shores. Most populations of this species are fully migratory and the Swedish population 

migrates between late August and mid-March to more southerly coastal areas of Western Europe, 

the most southern recovery being Spain [Fransson et al., 2008]. They can, during mild winters, also 

stay in Sweden [Nilsson, 2008]. Eurasian oystercatchers specialize in eating worms or shellfish 

species [Van De Pol et al., 2010]. Prey, such as earthworms and insect larvae may form an 

important part of the diet when foraging inland. In the breeding season, foraging of Eurasian 

oystercatcher takes place in comparatively small distances, mostly less than 5 km of the breeding 

colony [Becker et al., 1993]. The species breeds from April to July and 2–4 eggs are laid. The 

oystercatcher is thought to be a capital breeder, producing its eggs from substances stored in the 

body over longer time periods [Dittmann et al., 2011]. The species is a resident breeder over large 

parts of the North Sea area [Koffijberg et al., 2006] and is also found in freshwater systems within 

southern Sweden. 

2.3 Great Cormorant (Phalacrocoracidea) 

The number of great cormorants has greatly increased throughout Europe in recent years 

[Bregnballe et al., 2014] and the species is now present in the whole of the Baltic Sea area 

[Herrman et al., 2019]. In Sweden, the majority of birds are found in the southeast, but it is also 

found on the Swedish west coast [Fransson et al., 2008]. In Sweden the number of breeding pairs is 

increasing and is currently estimated at over 40 600 [Bregnballe et al., 2014]. The great cormorant 

can be found both in marine and freshwater environments in Sweden. The great cormorant is a 

migratory species and is, among other things due to the knowledge on the related double-crested 

cormorant (Phalacrocorax auritus), suspected to have an income breeding strategy [Hobson et al., 

1997]. Along the Swedish coast they feed on fish such as cod, eel, eelpout, flounder, herring, perch, 

pike, and whitefish [Boström et al., 2012b; Östman et al., 2013]. No major shift in diet was found 
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during the breeding season along the Swedish east coast (breeding phase explained <10% of the 

variability in the diet [Boström et al., 2012a]) and no effect in the diet of gender or age class was 

found [Boström et al., 2012a]. 

2.4 Common Guillemot (Uria aalge) 

The guillemot is a piscivorous species that feeds mainly on sprat [Österblom et al., 2001]. It has a 

circumpolar distribution [Österblom, 2006] and the Swedish population is comprised of 

approximately 45 000 individuals [Österblom et al., 2002]. They breed for the first time at 4–5 

years of age [Birkhead and Hudson, 1977]. The egg content is high in fat (11–13%) and thus very 

appropriate for analysis of fat-soluble contaminants e.g. PCBs, dioxins. They are furthermore 

suitable for monitoring contaminants in the Baltic Sea as the Baltic Sea population mostly do not 

migrate further than the Southern parts of the Baltic Proper during the winter season [Olsson et al., 

2000]. Normally, the guillemot lay just a single egg but if this egg is lost, another may be laid 

[Hedgren, 1980]. Replacement eggs, often laid later in the season, tend to contain significantly 

higher concentrations of organochlorines compared to the first laid eggs [Bignert et al., 1995].  

 

 

  
Figure 1. Graphs modified from Green et al. [2019]. General population trends in Sweden (blue: winter-index, red: 

summer-index, black: base summer-index calculated with a different method). Population level set to 1 for 1998. 

Average number of birds counted per year, average trend in % and significance level is shown in parenthesis (when 

more indexes shown, the statistics is repeated). Trends include data from both coastal and inland sites (see Green et al. 

[2019] for more information).  
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3 Bird population trends in Sweden 

Bird populations are monitored every year across Sweden [Green et al., 2019]. The latest breeding 

period indices for Sweden are shown in Figure 1. Common tern does not show any time trend from 

1975-2018 in the summer index but a slight increase for the shorter base summer-index 1998-2018. 

Cormorant increases significantly in winter (1985-2018), summer (1975-2018) and summer base-

indices (1998-2018). Eurasian oystercatcher decreases significantly in the summer-index for the 

period 1975-2018 but not in the shorter base summer-index (1998-2018) for the countrywide 

monitoring. However, we find evidence for the same trend in the Tjärnö area. A report from Västra 

Götaland County shows that in shore meadows in Västra Götaland (close to Tjärnö), the Eurasian 

oystercatcher has decreased with almost 5% per year during the last ten years [Richard et al., 2019].  

4 Compilation of Swedish egg data 

We present data collected as part of the SNMP for bird eggs from Tjärnö and St. Karlsö and for 

other marine species (fish and mussels) from relevant stations (Fjällbacka, Väderöarna, and Högby 

fyr). In addition, we present data from other non-monitoring sources on Baltic clam from 

Gaviksfjärden and the great cormorant (Landskrona and Hornöholmen in Sweden, and Heuwiese, 

an island of the German coast).  

Figure 2 shows the sites from which data is used (the name in parenthesis represent the species 

collected at the site; see figure text). An in depth presentation of the data from the SNMP can be 

found in Danielsson et al. [2020]. 

4.1 Stable isotope patterns and trophic levels 

Figure 3 and Table 1 shows the trophic level placement (as suggested by the δ
15

N signature) of the 

four bird species compared to other species within the system. Previous studies have shown that the 

δ
15

N of birds egg well represents a signature one trophic level higher than the birds diets (Δ3.4 

‰)[Hobson, 1995]. This is supported by data from the great cormorant reported in this study, that 

showed a difference of just 1.0‰ between δ
15

N in muscle and egg [Helander et al., 2015]. This 

difference is minor compared to the differences between the four bird species in this study (Table 

1). The Eurasian oystercatcher, which is feeding mainly on baseline species such as polychaetes, 

crustaceans and mollusc [Van De Pol et al., 2010] is placed around one trophic level above the 

baseline species while the common tern is placed somewhat higher due to its higher dependence on 

small fish in its diet [Lemmetyinen, 1973; Reindl and Falkowska, 2019]. The cormorant has the 

highest trophic level, two steps above baseline species, similar to the guillemot. The 
13

C for 

common tern and Eurasian oystercatcher increases slightly from the baseline species (here we use 

mussel) to the bird eggs (Δ1.55 for both). While small increases (0.5-1‰ per trophic level) can be 

expected within the food web [Post, 2002] the picture is complicated by a possible depletion of 


13

C from bird to egg of 2-3 ‰ [Hobson, 1995]. However, we do see that the variability of the 
13

C 

in the common tern and Eurasian oystercatcher eggs are higher than seen for the other species 

within the local food web, indicating a broader range of prey than the local marine sources. Thus, 

the general picture from the stable isotopes from bird eggs suggest that all birds are placed as 

expected within their local food webs regarding trophic level but that common tern and Eurasian 

oystercatcher on the Swedish west coast might have a broader range of diet than can be explained 

by local marine sources.  
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Table 1. Stable isotope values (mean ± SD) for mussels, fish and bird eggs collected at or close to Tjärnö (δ
13

C is lipid 

normalised) within the SNMP and research publications. Trophic level (TL) calculated as (δ
15

Npredator - 

δ
15

Nmussel)/3.4 assuming a TL of 2 for mussels [Post, 2002]. 

Species Station δ
13

C δ
15

N TL 

Blue mussel Fjällbacka -18.75±0.53 9.04±0.54  

Eurasian oystercatcher Tjärnö -17.19±1.67 11.59±0.76 2.8 

Common Tern Tjärnö -17.20±1.28 14.13±0.56 3.5 

Eelpout Fjällbacka -16.93±0.58 12.69±0.41 3.1 

Herring Väderöarna -20.00±0.60 13.65±0.58 3.4 

Baltic clam
1
 Gaviksfjärden  ~6  

Cormorant
2
 Hornöholmen  ~13 ~4.1 

Blue mussel Högby fyr  ~5  

Guillemot Stora Karlsö -19.18±0.64 12.51±0.25 ~4.2 

1. Data taken from Karlsson et al. [2019]. 2. Helander et al. [2015] 
 

 

 

 
 

Figure 2. Sampling sites where bird eggs are collected or where other species are collected close to Tjärnö within the 

Swedish National Monitoring Programme for Contaminants in marine biota as well as sites with published cormorant 

data (H=herring, E=eelpout, M=blue mussel, T=common tern, O=Eurasian oystercatcher, G=guillemot, C=great 

cormorant, B=Baltic clam). 
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Figure 3. δ

15
N vs. lipid normalised δ

13
C for species collected from Tjärnö or nearby stations included in the 

contaminant monitoring programme [Danielsson et al., 2020]. Data are yearly means at the sampled stations and covers 

the period 2013-2018.  

 

 

 

4.2 Contaminant concentrations and trends in eggs of Eurasian oystercatcher and 
common tern 

Figure 4 gives an overview of the direction and statistical significance of the temporal trend (2011-

2018) of contaminants in bird eggs from the SNMP (including the guillemot. Figure 5 show the 

temporal change in fat, stable isotopes and concentrations of selected contaminants and the relation 

between Eurasian oystercatcher and common tern and Figure 6 show temporal trends for selected 

contaminants that overlapped with a 2008-2010 pilot study [Dittmann et al., 2011]. Time trends for 

all contaminants are shown in the Appendix and the full data from the SNMP is found in 

Danielsson et al. [2020]. 

δ
15

N in common tern, Eurasian oystercatcher, and blue mussel show no time trends (only data from 

2014 to 2018), while δ
13

C shows a tendency to a downward trend for both bird species (Figure 5). 

No significant change in fat percentage in eggs of common tern and Eurasian oystercatcher is found 

while the percentage in guillemot eggs decreases (Figure 5; Appendix).  

For most of the metals, the same trend (decrease or increase) is seen for all three bird species 

(Figure 4). However, As and Zn show upward trends for Eurasian oystercatcher but no trend, or a 

tendency to a downward trend, for common tern and guillemot. For the chlorinated compounds 

(pesticides, PCBs and dioxins and furans) and brominated compounds there is a general pattern 

with upward trends in Eurasian oystercatcher and downward trends in both common tern and 

guillemot (trends are not always significant) (Figure 4; Appendix). PFAS on the other hand, shows 

similar (mostly downward) trends for all three species. Thus, for most of the compounds that 

mainly bind to fatty tissue, i.e. pesticides, PCBs, dioxins/furans, and brominated compounds, 

Eurasian oystercatcher show opposite trends compared to the other two species.  
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Metals 

  
Chlorinated pesticides 

 
PCBs 

 
PCDD/Fs/(Dioxins) 

 
BFRs 

  

PFASs 

                              
Figure 4. Heatmaps showing the % yearly change in the 2011-2018 time series (2009-2018 for guillemot) and the 

significance of the trend * p<0.05, ** p<0.01, *** p<0.001 (modified from Danielsson et al. [2020]). The chlorinated 

Pesticides, DDT and DDD, are below the detection limit or have too few data points to indicate a trend, therefore these 

substances are faded and should not be included in the interpretation of the data. 
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In the SNMP, contaminants are measured in one sample of 10 pooled eggs from Eurasian 

oystercatcher and common tern every year [Danielsson et al., 2020]. In Figure 6, data on Hg, HCB 

and β-HCH from a pilot study conducted close to Tjärnö with analysis of individual eggs (2008-

2010) [Dittmann et al., 2011] were combined with the pooled samples from the SNMP (2011-

2018). We see that the variability in concentrations between individual birds can be high, something 

that is hidden in the pooled samples. There is little temporal change or difference between levels in 

species for Hg or β-HCH for this extended dataset. This is consistent with the lack of trend in the 

Hg levels for the 2011-2018 data, while the β-HCH showed significantly negative trends for the 

2011-2018 period (Figure 4). HCB concentrations seem to have increased, especially for common 

tern, when considering the whole period (2008-2018) something that was not apparent in the 2011-

2018 dataset.  However, since data are from two different studies and two different methods are 

used (pooled and individual samples) care should be taking in the interpretation of this combined 

dataset. 

 

 

    
Figure 5. Changes over time in fat and stable isotopes for Eurasian oystercatcher and common tern (stable isotopes also 

include blue mussels (baseline organism) from Fjällbacka, the site closest to Tjärnö). For time series of all 

contaminants, see the Appendix. 

 

 

 

      
Figure 6. Time series for Hg, HCB and β-HCH in eggs including data from both the EcoQO report (2008-2010) where 

individual samples were analysed [Dittmann et al., 2011] and data from the monitoring program (2011-2018) where one 

pooled sample was analysed per year [Danielsson et al., 2020]. A smoother was applied to indicate trends in the data 

(the trends have not been tested for statistical significance).   
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In Figure 7, we visualize the contaminant patterns across bird species and locations within the 

SNMP and in Figure 8, we visualize the contaminant patterns within mussels, fish and birds species 

in the vicinity of Tjärnö. This is done to evaluate whether the Eurasian oystercatcher and common 

tern have site specific contaminant patterns or are deviating from the local food web. The 

concentrations indicated on the plots are representing the average across the 2011-2018 period and 

thus do not indicate the inter-annual variability (for the inter-annual variability see the Appendix). 

Patterns showing the relative concentrations of different contaminants for all three bird species were 

comparable (with the exception of BFRs). However, for all contaminant groups, except the metals, 

the patterns of Eurasian oystercatcher and common tern seemed more similar than the pattern of 

guillemot. Below we go into detail with a few of the contaminant groups, the descriptions refer to 

Figure 7 and Figure 8. 

PCBs: For PCBs, guillemot stood out compared to the two other bird species by having 

comparatively higher concentrations of PCB-118 and PCB-138. For all three bird species PCB-153 

had the highest level. When comparing to the local Tjärnö food web, PCB-153 is also seen to have 

highest concentrations in all species (herring, mussel and eelpout) with highest concentrations in the 

more benthic eelpout. High PCB-153 can thus be explained by sources in the local food web. 

Dioxins: For dioxins and furans, common tern and Eurasian oystercatcher had highest 

concentrations of TCDF followed by PECDF2 while for guillemot PECDF2 was the most dominant 

substance followed by PECDD. For the local food web at Tjärnö we only have data on herring but 

we see that also herring levels are highest for TCDF and PECDF2 explaining the pattern of the 

Eurasian oystercatcher and common tern. 

PFASs: For PFASs, LPFOS was the most dominant compound for all bird species and the next 

three were in mixed order BPFOS, PFUnDA and PFTRDA. In the local food web at Tjärnö we find 

that especially the LPFOS and BPFOS peaks are supported, while levels of for example PFOA for 

Eurasian oystercatcher is not reflected in the local food web or seen for common tern, suggesting 

that PFOA could be from an outside source.  

BFRs: BFRs showed very different pattern between all three bird species – Eurasian oystercatcher 

had homogenous concentrations among the BFRs while common tern had a very dominating BDE-

47 peak. Guillemot had a similar peak of BDE-47 and an even larger peak of HBCDD. If we look at 

the local Tjärnö food web we find that the Eurasian oystercatcher follow concentrations within this 

food web while the high BDE-47 peak in common tern seem to be an external signal. The same 

could, although to a lesser extent, be the case for BDE-99 and BDE-100 for common tern. 

This comparison across locations and within the local Tjärnö food web indicates that there are some 

differences in the exposure of the three colonies of bird species and that the guillemot nesting in the 

Baltic Proper is more different from the two other bird species from Tjärnö than these are from each 

other. However, some individual differences are still seen between the Tjärnö bird species with the 

high peak of BDE-47 in common tern being the most pronounced difference. This suggests outside 

sources are impacting the contaminant levels in birds at Tjärnö, but the full impact is not known. 
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Figure 7. Radar plots showing patterns within contaminant categories and bird species/sites. In order to best capture the 

pattern across all contaminants within a category some plots show log transformed data. Patterns were similar for all 

years, 2011-2018, therefore a mean for all these years was used in the plots.   
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Figure 8. Radar plots showing patterns within contaminant categories across different species within the food web near 

Tjärnö. In order to best capture the pattern across all contaminants within a category some plots show log transformed 

data. Patterns were similar for all years, 2011-2018, therefore a mean for all these years was used in the plots.   
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Contaminant concentration in guillemot eggs was usually higher than for the two other bird species, 

the only exceptions being the BFRs where common tern had higher concentrations for some 

compounds and PFAS where the Eurasian oystercatcher had higher concentrations for some 

compounds (Figure 7). Higher concentrations in guillemot are expected based on the higher trophic 

level (Table 1) and a general higher contaminant pressure in the Baltic Proper compared to the 

Swedish west coast. The relationship between Eurasian oystercatcher and common tern 

concentrations is more complex. For metals, some PCBs and dioxin-like PCBs, the concentrations 

are very similar, for BFR and some PFASs the common tern had highest concentrations and for 

some PCBs, dioxins and some PFASs Eurasian oystercatcher had higher concentrations. These 

patterns cannot be explained simply by the trophic level of the birds. In Figure 8, we see that the 

birds always have higher concentrations than the mussels and fish in the local food web at Tjärnö, 

except for the metals. This is despite the herring and eelpout having similar trophic level as the 

Eurasian oystercatcher. Mercury that biomagnify, also shows higher concentrations in the birds 

while other metals have higher concentrations in mussels and fish. These deviations could indicate 

that the concentrations reflect contaminant exposure during migration or, for the Eurasian 

oystercatcher, a partly reliance on a land based diet (earthworms and larvae) for which the 

contaminant level is unknown. The birds also have different ability to transfer contaminants to their 

eggs and could vary in how they store/excrete different groups of contaminants both compared to 

each other and compared to mussel and fish in the local food web. 

 

4.3 Contaminant concentrations in eggs of the great cormorant 

Two studies report on contaminant concentrations in cormorant eggs in Sweden and one on an 

island off the German coast in the Baltic Sea (Heuwiese) (Error! Reference source not found.). 

Lundgren [2014]  analyzed metal concentrations in eggs from the great cormorant (Phalacrocorax 

carbo sinensis) collected in Landskrona harbor, Öresund. The Hg levels were almost 4 times higher 

than the levels found in common tern and Eurasian oystercatcher at Tjärnö but overlap to a greater 

extent with levels from guillemot eggs from Stora Karlsö. Helander et al. [2015] analysed PCBs 

and pesticides in great cormorant eggs (Phalacrocorax carbo) along the Bothnian Sea coastline. 

They found higher concentrations in the great cormorant than the common tern and Eurasian 

oystercatcher. The same pattern was also seen for PFOS, although here concentrations were mostly 

below that of the guillemot, Rüdel et al. [2011]. These differences could be due to the higher trophic 

level of the cormorant (as suggested by the stable isotope data from the Bothnian Sea coast; Table 

1) but also the generally higher contaminant concentrations in the Baltic Proper compared to the 

west coast. In addition, both the sample from Lundgren [2014] in Landskrona harbor and the 

samples by Helander et al. [2015] (from an area where concentrations of the contaminants were 

very high in white tailed sea eagle [Helander et al., 2015]) suggest that these cormorant eggs could 

be affected by nearby pollution sources when compared to the more pristine Tjärnö location. 
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Table 2. Comparison of contaminant levels (min-max) in the great cormorant (
1
 Lundgren [2014], 

2
 Helander et al. 

[2015], 
3
 [Rüdel et al., 2011]) with concentrations from Tjärnö and St. Karlsö (2011-2018). Trophic levels are from 

Table 1. 

 Trophic level Hg 

(ng/g ww) 

HCB 

(µg/g lw) 

DDE 

(µg/g lw) 

PCB-153 

(µg/g lw) 

PFOS 

(ng/g ww) 

Eurasian oystercatcher 2.8 127-180 0.02-0.03 0.1-0.3 0.7-1.5 14-35 

Common tern 3.5 131-227 0.06-0.12 0.2-0.4 0.5-1.1 13-79 

Great cormorant 4.1 280-1090
1
 0.3-1.5

2
 6.5-28

2
 7.7-27

2
 14-433

3
 

Guillemot 4.2 122-370 0.39-1.05 5.5-10.4 0.7-1.7 338-767 

 

5 Summary of environmental monitoring within HELCOM and OSPAR 

No monitoring data for contaminants in eggs of common tern, Eurasian oystercatcher or guillemot 

have been reported to ICES besides the SNMP data (no data was found when searching the ICES 

database). However, some monitoring directed work has been conducted within the 

OSPAR/HELCOM geographical area for common tern and Eurasian oystercatcher. We will first 

summarize work from Dittmann et al. [2011] (OSPAR report) containing data from a three year 

pilot study (2008-2010). This is the dataset to date with the best spatial coverage. Then we will 

focus on the temporal trends from the Trilateral Monitoring and Assessment Program (TMAP) time 

series that gives the best current coverage of historic changes (1998-2015) and more recent change 

(2014-2018). 

While it does not seem that eggs from the great cormorant have been used for contaminant 

monitoring purposes in Europe, the eggs of the closely related double-crested cormorant 

(Phalacrocorax auritus) have been shown to be a suitable matrix for contaminant monitoring in the 

Great Lakes in North America [Hobson et al., 1997].  

 
Figure 9. Sites included in the EcoQO OSPAR study [Dittmann et al., 2011]. Sites from Denmark, Germany and the 

Netherlands are also part of the TMAP network [Mattig, 2017]. E = Eurasian oystercatcher, A = Arctic tern, T = 

common tern. 
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5.1 Spatial coverage (historic) 

The Dittmann et al. [2011] report presents three years of data (2008-2010) from sites that have 

provided bird eggs for at least one of the species, common tern, Arctic tern, and Eurasian 

oystercatcher. The sites include the TMAP sites in Denmark, Germany and the Netherlands as well 

as a site in England and Sweden (Strömstad, equivalent to Tjärnö now used for monitoring) and two 

sites in Belgium and Norway (Figure 9). The contaminants that were measured were Hg, ΣPCB (62 

congeners), HCB, ppDDT, ppDDD, ppDDE, α-HCH, β-HCH, γ-HCH. 

The comparison between species showed that mean contaminant levels measured in common/Arctic 

tern eggs were 1.7 times (ΣPCB) to 2.6 times (HCB) higher than those for Eurasian oystercatcher 

eggs at the same or adjacent sites (for concentrations in wet weight). This agrees with our general 

understanding of the trophic level of the birds preferred prey species but does not match the pattern 

for the SNMP for 2011-2018 where we see that Eurasian oystercatcher has higher concentrations 

than common tern for many of the compounds within the dioxins and furans (Figure 7). For most 

substance groups, location proved to be the strongest source of variation in concentration, while 

variation between years was lower.   

Based on the results, the authors suggested that the two species works well for monitoring purposes 

and they further suggested that the TMAP monitoring network should be expanded and include the 

temporary sites from the study as well as additional European sites – the Baltic Sea and the French 

coast and additional sites in the United Kingdom. If these monitoring sites have been developed or 

are in the process of being developed (besides the Swedish monitoring at Tjärnö and the TMAP 

network) we have not been able to locate data from them. In addition, the authors suggested an 

expansion of the suite of contaminants measured in the bird eggs.  

5.2 Temporal trends for common tern and Eurasian oystercatcher within TMAP 

The Trilateral Monitoring and Assessment Program (TMAP [Mattig, 2017]) covering the Wadden 

Sea along the West/North coasts of Denmark, Germany, and the Netherlands has monitored 

contaminants in birds eggs of common tern and Eurasian oystercatcher since 1998. All older results 

from this initiative (1998-2015) can be found in the Wadden Sea Quality Report, which is available 

as a web-page (https://qsr.waddensea-worldheritage.org) while more recent data is available in national 

reports (2014-2018) [Mattig et al., 2019]. Within TMAP they measure Hg, ΣPCB, HCB, ΣDDT, 

ΣHCH and ΣChlordane. The 2015 contaminant concentration ranges at the TMAP sites are given in 

Table 3.  

For the period presented in the latest Wadden Sea Quality Report the TMAP coastal stations see a 

general decrease or no trends across all measured contaminants. This is more pronounced for the 

long time series (long: 1998-2015) than for the short ones (2011-2015) where there are mostly no 

significant trends. The only real exception is ΣHCH that has significant increases for Eurasian 

oystercatcher for 30% of the sites and common tern for 25% of the sites. However, in the most 

recent data from the yearly national evaluation (2014-2018) ΣHCH is now showing no trends or 

significant decreases in both Eurasian oystercatcher and common tern [Mattig et al., 2019]. The 

only increasing trend in the 2014-2018 data is seen at a few stations for Hg in Eurasian 

oystercatcher. 
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6 Environmental thresholds 

The ecological quality objectives (EcoQOs) are used to categorize the environmental health status 

and have been developed to help OSPAR and the North Sea Conference process to fulfill their 

commitments to manage human activities that may affect marine ecosystems [Dittmann et al., 

2011]. Eurasian oystercatcher and common tern were chosen by OSPAR as indicator species and 

EcoQOs have therefore been developed for these two birds [Dittmann et al., 2011]. Dependent on 

the contaminant in question, the EcoQOs are based on background concentrations, specific 

detection limits and/or on the assumption of which targets can realistically be achieved during the 

next decades. The cormorant, which has not been used in European monitoring previously do not 

have an EcoQO. 

In table 3, data is compared to current EcoQOs. Mercury in Eurasian oystercatcher is above the 

proposed EcoQOs at Tjärnö for all analyzed years while common tern is below for some years and 

above for others. For HCB, concentrations in both common tern and Eurasian oystercatcher are 

above the proposed EcoQOs. It is not possible to calculate ∑DDT with our data due to 

concentrations below LOQ for DDD and many missing values for DDT. Instead, we refer to the 

concentrations of DDE, which is always the highest of the metabolites. We find that DDE is above 

the proposed EcoQOs. Concentration of ∑HCH is on the other hand below the proposed EcoQOs of 

2 ng/g ww. It is not possible to evaluate ∑PCB (62 congeners) since data on many of the congeners 

are not measured in the bird eggs at Tjärnö.  

Table 3 also present data from the 2008-2010 data at Strömstad (same location as Tjärnö) from the 

Dittmann et al. [2011] report and the TMAP network (from 2015 [Mattig, 2017]). The comparison 

shows that, except for HCH isomers in Eurasian oystercatcher eggs, Tjärnö has not changed its 

negative status since the pilot study in 2008-2010. Furthermore, the bird eggs at Tjärnö exceed the 

same thresholds as the TMAP sites on the European continent.  

 
Table 3. Proposed EcoQOs from Dittmann et al. [2011] for Environmental chemicals in common tern and Eurasian 

oystercatcher eggs (concentrations in ng/g fresh egg wet weight) in the North Sea and comparison to available 

monitoring data (with min – max values). Green background color indicates that the site or collection of sites in general 

are below the EcoQO; Red background color indicates that the site or collection of sites in general are above the 

EcoQO. 

Substance Species Prop. EcoQO 

(ng/g ww) 

Tjärnö  

2011-2018 

(ng/g ww) 

Strömstad (Tjärnö) 

2008-2010 

(ng/g ww) 

TMAP  

2015 

(ng/g ww) 

Hg Oystercatcher < 100 127-180 87-303 61-242 

 Common tern < 160 131-227 109-340 290-523 

∑PCB 62congeners Oystercatcher < 20   287-884 

 Common tern < 20   507-2567 

HCB Oystercatcher < 2 2-4.3 0.4-3.9 1.3-11.8 

 Common tern < 2 4.8-13.5 1.1-8.6 4.8-12.6 

DDT and metabolites Oystercatcher < 10 12.5-29.5 (DDE)  13-82 

 Common tern < 10 14.3-34.1 (DDE)  32-362 

HCH isomers Oystercatcher < 2 0.7-2.2 1.6-7.1 0.8-5.7 

 Common tern < 2 0.7-2.1 0.8-2.4 0.7-6.4 

7 Discussion 

We will begin by discussing the areas for which we have information on all three relevant bird 

species (Eurasian oystercatcher, common tern, and great cormorant) and then follow this with a 

discussion on the patterns seen for Eurasian oystercatcher and common tern. 
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7.1 Comparison of Eurasian oystercatcher, common tern and great cormorant 

EU’s guidelines on monitoring suggest that focus should be on trophic level of 3.0-4.0 in freswater 

systems and 4.5-5.0 in marine systems to represent the concentration for the most important link to 

top predators [EC, 2014]. Of the three bird species, we found that the cormorant has the highest 

trophic level (~4) while the Eurasian oystercatcher has the lowest (~3). This trophic level difference 

is supported by the higher contaminant concentrations found for the great cormorant compared to 

the other two bird species (Table 2). However, it should be noted that very little data on the 

cormorant exists and that both locations from where we had data could also have been impacted by 

local pollution. The Baltic Sea is a brackish system with a limited number of species, which could 

speak for either the freshwater or the marine trophic level to be the best representative as the link to 

the top predator in the system. An advantage of a higher trophic level is the higher biomagnification 

and therefore ability to detect biomagnifying contaminants that are only found in very small 

concentrations in the ecosystem [Dittmann et al., 2011]. 

The Eurasian oystercatcher is thought to be a capital breeder while both the common tern and the 

great cormorant are thought to be income breeders [Wendeln and Becker, 1996]. This suggests that 

the two latter bird species will be better suited for monitoring purposes but as discussed below, 

regarding the contaminant patterns of Eurasian oystercatcher and common tern, there might not be 

such a simple conclusion. 

The population of the Eurasian oystercatcher has been declining while the common tern is stable 

and the great cormorant has increased its population across the Baltic in recent years [Green et al., 

2019](Figure 1). The disturbance when collecting bird eggs for monitoring purposes could have a 

larger impact on smaller and declining populations than on more healthy populations. Both the 

Eurasian oystercatcher and the great cormorant breed in both marine and freshwater locations in 

southern Sweden. Thus, if a decision was made later on to expand monitoring of birds to freshwater 

systems, both these species could be used, making it easy to compare across systems. No other 

monitoring networks are currently using the great cormorant as an indicator species, while the two 

other bird species are both used within the TMAP network going back to 1998. Thus, with these 

two bird species there is excellent possibilities to compare trends and patterns with a long range of 

relevant sites in northern Europe.  

7.2 Representativeness of Eurasian oystercatcher and common tern 

We find that the contaminant patterns, with regards to variation in levels between contaminants, are 

in general more comparable between Eurasian oystercatcher and common tern than guillemot egg 

from the Baltic Proper (Stora Karlsö). For the temporal trends on the other hand, the fat soluble 

contaminants in common tern and guillemot show the same trends opposite to that of Eurasian 

oystercatcher. The first pattern suggest that the geographical location is important, while the second 

pattern suggest that there is a disconnect between the sources of contaminants represented in the 

eggs of the two species at Tjärnö.  

Focusing on the temporal trends, the patterns suggest that guillemot and common tern represents the 

same regional trends. We know that guillemot do not generally migrate further south than the 

southern parts of the Baltic Sea during winter [Olsson et al., 2000] and their contaminant signal 

should therefore represent only the Baltic area. The common tern is a highly migratory bird but also 

an income breeder and the nutrients incorporated into their egg largely originates from the food 
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intake during the courtship period in the weeks immediately before egg-laying [Wendeln and 

Becker, 1996]. The common trend between the two bird species could suggest that they represents 

the regional trends of contamination in the Kattegat/Baltic Sea region while the Eurasian 

oystercatcher, which is both migratory and possibly a capital breeder could represent a broader 

trend. However, from the TMAP data we know that the sites included in that network for the most 

recent years (2011-2015 and 2014-2018 time series) show no significant increases for neither 

Eurasian oystercatcher nor common tern (except for ΣHCH and Hg) [Mattig, 2017]. Thus, the 

increase in Eurasian oystercatcher does not seem to follow a general European trend either. This 

makes it less likely that it is the migratory behavior that is causing the increase. If so, we would 

then have expected to see the increase at these other locations too. Another likely explanation is the 

difference in diet between the Eurasian oystercatcher and common tern. The Eurasian oystercatcher 

can also eat prey from the terrestrial (shore) environment, which could have another contaminant 

trend in the local area than that seen for the marine system. The increasing trends in the Eurasian 

oystercatcher are currently only significant for some fat soluble contaminants and it would therefore 

be valuable with additional years of data within the SNMP to determine if these are significant 

trends for more contaminants and be able to understand better why the two bird species at Tjärnö 

currently show such different temporal patterns. 

In addition to the deviation of the Eurasian oystercatcher with regard to trends seen at other 

locations and in other bird species, we also see differences in the contaminant levels between 

Eurasian oystercatcher and common tern that cannot easily be explained by the trophic level 

differences. The Eurasian oystercatcher has for example higher contaminant levels for several 

contaminant groups than the common tern, while the trophic level is lower. Some of this variability 

might be explained by different food sources outside of the local food web. This could for example 

be due to different migration patterns or different forage strategies (the Eurasian oystercatcher can, 

in addition to the marine environment, also forage on land close to the shore). It could also indicate 

that other drivers, not currently considered, are important for driving the biomagnification, we know 

for example not enough about the transfer of different contaminants from mother to egg.  

When comparing the two bird species at Tjärnö to the local food web (mussels and fish) we, in 

general, see a good representation in the birds of local contaminant peaks. However, we do see a 

few deviations from the local pattern in both bird species that suggest that they are influenced by 

other sources. The high BDE-47, BDE-99 and BDE-100 peaks for common tern and the elevated 

PFOA and PFDA concentrations for Eurasian oystercatcher. Thus, from this consideration neither 

of the species stands out as being a better representative for local sources than the other is. We do 

not have enough data from other locations for comparison in this report to say for certain whether 

the local patterns at Tjärnö can be considered a local fingerprint or if they represent a more regional 

distribution. The latter would mean that they tell less about the representativeness of the bird eggs 

for the local area. A more thorough spatial analysis including the guillemot data and data from 

TMAP could help reconcile this issue. 

8 Summary 

Bird eggs are a good matrix for the measurement of environmental contaminants, especially those 

contaminants that biomagnify through the food web. The purpose of this report is to create an 

overview of the usefulness of three species (Eurasian oystercatcher, common tern, and great 
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cormorant) as indicator species for (local) contaminant monitoring within the Swedish National 

Monitoring Programme for Contaminants in Marine Biota.  

We present data that show that the great cormorant is placed at a higher trophic level (4.1) than the 

Eurasian oystercatcher (2.8) and common tern (3.5). We speculate that this is causing the higher 

contaminant concentrations observed for the great cormorant, although this difference could also 

partly reflect higher contaminant concentrations in the areas where we have cormorant data. Based 

on the trophic level the common tern and the great cormorant best represent the link to top predators 

within marine systems, suggested for monitoring purposes. The great cormorant population is 

currently increasing in Sweden while the population of the Eurasian oystercatcher is declining, 

which could suggest a need to rethink the monitoring strategy. However, long time series within the 

TMAP programme for Eurasian oystercatcher and common tern means that with these species there 

is a possibility of conducting comparative studies across multiple European sites. 

We find that the contaminant patterns, with regards to variation in levels between contaminants, 

seem more comparable between Eurasian oystercatcher and common tern than guillemot eggs from 

the Baltic Proper (Stora Karlsö) and that the pattern of both species in general compare well to the 

local food web at Tjärnö. For the temporal trends on the other hand, the fat soluble contaminants in 

common tern and guillemot show decreasing trends opposite to that of Eurasian oystercatcher. In 

addition, data on Eurasian oystercatcher from the TMAP stations do not show the same increasing 

trends in Eurasian oystercatcher eggs as those seen at Tjärnö. The contaminant levels also indicate 

some unexplained deviations from the trophic levels between Eurasian oystercatcher and common 

tern for the different contaminant groups. Thus, while both Eurasian oystercatcher and common tern 

seem to represent the local food web to some extent, there are several unexplained patterns. This 

suggest a need to continue the monitoring of both species in order to collect enough data to narrow 

down what drives these patterns. 
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