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Reproduction disorders  

- malformed embryos of amphipods and eelpout 

Key message 

 

The rate of malformation of embryos indicates the level of contamination of hazardous substances in an 

area. Malformations in amphipods and eelpouts have been evaluated since the mid-1990s, and no clear 

trend has been detected in this time. GES has not been achieved on all stations in a unit since several 

subareas in each assessment unit and some of the stations are located in contaminated areas. The 

difference in rate of malformation between sub-basins is much greater. The status is provisionally 

presented based on results from studies and Swedish monitoring. 

Relevance of the core indicator 
The amphipod Monoporeia affinis and eelpout (Zoarces viviparus) are key stone species in the Baltic Sea 

and decreasing populations due to impaired reproduction is a serious threat to the integrity of the 
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ecosystem. Monoporeia affinis is an important food source for fish and other invertebrates as well as 

performing important bioturbation functions related to oxygenation of the sediment. Eelpout is a relatively 

stationary benthic fish species mainly occurring in coastal marine environments. Eelpouts feed on benthic 

invertebrates e.g. M. affinis, and is predated upon by many fish-eating birds and mammals 
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Figure 2. Eelpout (Zoarces viviparus) and some examples on malformed eelpout (Strand et al. 2004). 

 

Normal Malformed 

 

 

Figure 1 Normal embryos of Monoporeia affinis of different developmental stages (to the left) and malformed embryos (to the 
right).  
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Figure 3. Amphipod species Gmelinoides fasciatus (A), Pontogammarus robustoides (B) and Gammarus tigrinus (C). Normal (D) 
and malformed (E) embryos in gammaridean amphipod Gmelinoides fasciatus at different stages. 

Malformed embryos of amphipods and eelpout have been used as bioindicators for impaired reproduction 

caused by pollutants in benthic invertebrates and fish in the Baltic since about 20 years. Presence of 

elevated levels of malformed embryos is regarded as a significant biological endpoint for assessing 

population-relevant effects induced by the combined pressure of contaminants occurring in the sea. 

Elevated levels of embryo malformations in amphipods and eelpouts indicate negative effects from 

contaminants in the sediment on the biota. 

The eelpout is a viviparous fish, i.e. there is an internal fertilization of the eggs and the female fish gives 

birth to fully developed fry, thus the eelpouts mode of reproduction enables the study of malformed 

embryo related to health status of individual females in a population. The indicator provides information on 

the reproductive success and thereby population-relevant effects with importance for the next generation 

effects. 

Other amphipod species such as Gmelinoides fasciatus, Pontogammarus robustoides and Gammarus 

tigrinus were used in scientific monitoring in the eastern Gulf of Finland (Russia). They belong to so-called 

alien species but they are important components (30-40% of the total biomass) in the benthic communities 

in coastal areas of the Baltic Sea (Gulf of Riga, Gulf of Finland< Curonian and Vistula Lagoon) since 1990s 

and are a main item in the diet of local fish and birds. These species are omnivore organisms with above 

50% of detritus in the diet. The species are used as test indicators for sediment toxicity. All of them have a 

life span lasting for 1.5 year; and their mating begins in April-May; embryogenesis proceeds through 2-3 

weeks, and juveniles are released several times in summer (2-3 generations). 

Policy relevance of the core indicator 
 Primary importance Secondary importance 

BSAP 
Segment and 

 Healthy wildlife  Viable populations of species  

 Concentrations of hazardous substance are close 
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Objective to natural levels 

MSFD  
Descriptors and 
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8.2 Effects of contaminants (chronic and 
acute pollution effects) 

8.1. Concentrations of contaminants  
1.2 Population size (abundance and biomass) 
1.3 Population condition (demography, genetic structure) 

Other relevant legislation: WFD Biological quality (fish, benthic invertebrate, aquatic flora) 
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Indicator concept 

Good Environmental Status 
The proposed GES-boundary is developed based on monitoring data, and uses the target setting approach 

based on percentiles of the normal distribution as the boundary. The GES-boundary is defined as a 

significant increase in embryo malformations compared to the background level. The GEs-boundary does 

not change over time; the same GES-boundary is to be applied throughout the Baltic Sea in all assessment 

units, as no difference in embryo malformation rate background values is detected. 

There are recognized limitations to target setting approach based on percentiles in a normal distribution. 

One such limitation is the assumption that the reference areas used to create the normal distribution are 

not affected, however for the Baltic Sea such pristine reference sites are difficult to find. Due to the lack of 

pristine reference sites, some uncertainty of the accuracy of the GES-boundary remains but is not deemed 

to be very significant due to the large amount of data available for setting the boundary. In background 

areas in the whole Baltic, the indicator shows similar values of embryo malformation. This means that the 

indicator is not sensitive to differences in salinity, depth and food availability but of course recipients with 

elevated concentrations of contaminants show a higher malformation rate.  

GES-boundary for amphipods 

The GES-boundary for amphipods is based on two variables, namely (1) the proportion of malformed 

embryos and (2) the proportion of females with more than one malformed embryo. The two variables are 

always to be measured simultaneously and both variables must achieve GES for an area to be considered as 

having reached GES.  

For the amphipod Monoporeia affinis, data from the National Monitoring program running 1994 to 2011 

were used to determine the GES-boundary for the proportion of malformed embryos (Table 1). Fourteen 

stations were included in the analysis. Data is based on 8,600 gravid females and 230,000 embryos (Figure 

5, Figure 7). Besides the malformed and membrane damaged embryos very recent results showed that also 

undeveloped embryos (arrested development) can occur due to contaminants as PAHs and zinc and this 

aberration is included in the analysis (Löf et al. 2016).  

Table 1. GES-boundary for the amphipod Monoporeia affinis (Based on ICES cooperative Research Report no 315). 

Monoporeia affinis Mean  Background 
level (BAC) 

Increased 
level (EAC) 

GES-boundary 

(1) Proportion malformed and 
undeveloped embryos 

4.1 % 0-5.9 % >5.9% <5.9% 

(2) Proportion females with >1 
malformed and undeveloped embryo 

23 % 0-30% >30% <30% 
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Figure 4. Proportion of malformed embryos of the amphipod Monoporeia affinis. The green line illustrates the background level, 
the dotted green line the median and the orange line the value that constitutes a significant increase from background, the orange 
line is the GES-boundary. 

 

 

Figure 5. Proportion females with > 1 malformed embryo. Green line illustrates the mean value in background areas, the dotted 
line the median value and the orange line a significant deviation from background. The orange line is the GES boundary. 
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Secondary GES boundary – Gammarids 

For amphipods Monoporeia affinis is the most regularly used species in monitoring, and for this species the 

background information on the sensitivity to hazardous substances is most well developed. However M. 

affinis has very low abundance in Gulf of Finland and the Gdansk Bay. For assessment units where the 

species does not occur or has low abundance, a secondary GES boundary can be used if monitoring data is 

available for other amphipod species belonging to the gammarids.  

If the amphipod species Monoporeia affinis does not occur in an area, other amphipod species can be 

considered for evaluating GES ( 

 

). Also when these other species are considered, the variable on the proportion of females with >1 

malformed embryo is to be evaluated (<20%) (Error! Reference source not found.). 

Table 2. Secondary GES-boundary for the gammaridean amphipods Gmelinoides fasciatus, Pontogammarus robustoides and 

Gammarus tigrinus (based on Gulf of Finland monitoring data) 

 

 

GES-boundary for eelpout 

For eelpout, evaluation criteria for abnormal fry development have been derived for evaluating occurrence 

of elevated levels of different types of abnormal fry development in eelpout populations. The different 

types of abnormal fry development are early dead fry (type 0), late dead fry (type A) and malformed fry 

(type B-G).  

Background assessment criteria (BAC) have been derived from median-values of 90th percentiles of data 

selected from areas regarded as less polluted reference areas in the Baltic Sea. In addition, EAC-values have 

been proposed as the double value of BAC, supported by a population modelling study (Bergek et al. 2012). 

The study shows that overall, induced malformation from environmental pollution can have a large effect 

Assessment criteria Mean Background level 
(BAC) 

Increased level 
(EAC) 

GES-boundary 

(1) Proportion 
malformed 
embryos 

2.02 0-5 >5 >5 

(2) Proportion 
females with >1 
malformed embryo 

14.8 0-20% >20% <20% 

Assessment criteria Mean Background level 
(BAC) 

Increased level 
(EAC) 

GES-boundary 

(1) Proportion 
malformed 
embryos 

2.02 0-5 >5 >5 

(2) Proportion 
females with >1 
malformed embryo 

14.8 0-20% >20% <20% 
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on natural populations, and especially in sensitive eelpout populations with lower growth rates. 

Consequently, even a threshold value for EAC of 2% malformations that may seem low, could result in 

harmful effects at the population level (ICES WGBEC 2012).  

Table 3. GES-boundary for eelpout reproductive disorders, based on mean prevalence (%) of different types of abnormal fry 
development (based on ICES WGBEC report 2012). 

Applicable to BAC EAC GES-boundary 

Malformed fry 1% 2% <2% 

Late dead fry 2% 4% <4% 

Early dead fry 2.5% 5% <5% 

 

 

Anthropogenic pressures linked to the indicator 
 Strong connection Secondary connection 

General The most important anthropogenic threat to 
malformed embryos of amphipods and eelpout is 
exposure to contaminants in the sediment.  

Hypoxia combined to contaminants increase the 
incident of malformations. 

MSFD 
Annex III 

  

 

The indicator on malformed embryos is mainly sensitive to the effects of contaminants, i.e. trace metals 

and hydrophobic persistent organic contaminants (PHOCs). The indicator has been used with Monoporeia 

affinis at 42 sites in polluted coastal areas and a meta-analysis was used to assess the correlation between 

malformations and industrial waste waters. A close relationship was found between distance to industrial 

outlet and malformation rate (Elmgren et al. 1983, Sundelin and Eriksson 1998, Sundelin et al. 2008b, 

Reutgard et al 2014). Also bioassays where amphipods were exposed to contaminated sediments and 

chemicals (single and in combination) spiked into the sediments resulted in increased levels of 

malformations (Sundelin 1983, 1984, 1988, 1989, Eriksson et. al. 1996, Sundelin and Eriksson 2001). 

The variables malformed embryos and membrane damage in embryos as well as undeveloped 

(undifferentiated) embryos indicate exposure to contaminants in the sediment. The effects are general and 

there is limited possibility to discriminate between various chemicals. Dead broods and dead eggs mainly 

indicate exposure to low oxygen concentrations during the time for oogenesis (Eriksson-Wiklund and 

Sundelin 2001, 2004) but the combined effects of oxygen deficiency and contaminants increase the effects 

of contaminants (Gorokhova et al 2013), while oxygen deficiency solely does not give rise malformed 

embryos. Food deficiency may also result in arrested development and low fecundity (Sundelin et al. 

2008a). 

 

Assessment protocol 
As many samples from monitoring efforts are to be included in the analysis as possible. A higher sample 

size gives less variance. Since sample size varies much between years and stations, repeated hazardous 

sampling, i.e. Bootstrapping, can be applied to control the sample size.  
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Evaluating if an area is in GES using amphipods is to be done by comparing detected malformations to the 

GES-boundary values. A sample size of 50 gravid females (about 1,500 embryos) is the recommended 

sample size within the Swedish National Monitoring program for evaluating the proportion of malformed 

embryos. The hazardous sampling of 50 females in the data set is then to be repeated 100,000 times to 

obtain an even spread and then the result for the location is compared to the GES-boundary values. Data 

from contaminated areas (outside industries) and monitoring data from reference sites is to be used to 

make a comparison of the proportion of females with >1 malformed embryo, to facilitate detection of 

statistically significant differences between pristine and contaminated areas. Hazardous repeated sampling 

(100 000 times) of 50 females is recommended.  

The same GES-boundary is to be applied throughout the Baltic Sea in all assessment units, as no difference 

in embryo malformation rate background values is detected. GES-boundaries for amphipods have been 

calculated using a sub-set of assessment units where monitoring data for Monoporeia affinis was available. 

Monoporeia affinis occurs in more sub-basins than were included in the GES-boundary derivation. 

However, in areas where M. affinis does not currently occur, such as the Gulf of, Gdansk Basin and Arkona 

Basin, other amphipod species can be used.  

The indicator evaluation is done on HELCOM assessment unit Level 3. No difference in background values 

for the malformation rate is expected between the coast and the open sea areas, however the pressure 

level is presumed to differ significantly warranting this level of evaluation. To evaluate the status of an 

assessment unit, both amphipods and eelpout embryo malformation rates can be considered if the species 

occur in the areas. An area is to be evaluated as sub-GES if either the amphipods or the eelpout or both are 

evaluated as sub-GES. The one-out-all-out approach is deemed appropriate for evaluating the status of an 

assessment unit as any detected changes in malformation rate are perceived to indicate significant 

pollution by contaminants. It should however be noted, that the contaminant load in sediments may vary 

significantly over relatively short distances and that the one-out-all-out approach may evaluate a large 

assessment unit as sub-GES based on a station that is in an area with heavily contaminated sediments. As 

some natural variation in the proportion of malformation is expected and as this may change from year to 

year, it is recommended that the status evaluation is not made for an assessment unit only based on 

sampling from one year but instead between 3-4 years.  

As the pressure from contaminants is distinctly different in different sub-basins, evaluations made by 

grouping assessment units is not deemed possible. Thus, e.g. the Bothnian Bay area cannot be evaluated 

using monitoring data from the Bothnian Sea, and as no monitoring is currently carried out in the northern 

region it can currently not be evaluated. 

 

Relevance of the indicator 

Policy Relevance 

Since contaminant analyses in biota and sediment don’t give information about effects on organisms we 

need to include biological effects in monitoring programs. A reproduction indicator is important to assess 

the effect of summed contaminants in the environment and in addition has strong repercussion at the 

population level. This goal is included in the MSFD (descriptor 8.2) and BSAP; concentrations of hazardous 
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substances are close to natural levels. Many effect variables (indicators) are not specific and respond to 

various environmental stressors. ‘Malformed embryos’ is an indicator that is comparatively specific and 

responds mainly to exposure of contaminants. 

 

Role of Monporeia affinis, other amphipods and eelpout in the ecosystem 

The amphipod Monoporeia affinis is a stenotherm key stone species in the Baltic Sea and freshwater 

ecosystems below the highest coastline. It was the most abundant macrofauna species on softbottom 

ecosystem between about 10-15m to 150 m in the Gulf of Bothnia and Baltic proper where oxygen 

conditions are sufficient (>about 4 mg  O2/L) (Kuparinen et al. 1996) . It is very important for oxygenation of 

the sediment by the bioturbation life style (Lindström 1992) and food for fish species as herring, eelpout, 

cod and flounder as well as other invertebrates i.e. Saduria entomon, Halicryptus spinulosus and Bylgides 

sarsi (Ankar and Sigvaldsdottir 1981, Aneer 1975, Sparrevik and Leonardsson 1995) . The populations have 

decreased dramatically in the whole Baltic during the last 30 years and the species is nearly absent in the 

Gulf of Finland, Gulf of Gdansk and a population crash in 2000 resulted in dramatically decreased 

populations in the Gulf of Bothnia (Eriksson Wiklund et al. 2008). Other amphipods used in monitoring (P. 

robustoides, G. tigrinus, G. fasciatus) belong to so-called alien species but they are important components 

(30-40% of the total biomass) in the benthic communities in coastal areas of the Baltic Sea (Gulf of Riga, 

Gulf of Finland, Curonian and Vistula Lagoon) since 1990s and are main items in the diet of local fish and 

birds. These species are omnivore organisms with more than 50 % of detritus in the diet (Berezina 2007). 

The species are used as test indicators for sediment toxicity. All of them have a life span lasting for 1.5 year; 

and their mating begins in April-May; embryogenesis proceeds through 2-3 weeks, and juveniles are 

released several times in summer, i.e. 2-3 generations (Panov and Berezina 2002, Bacela and Konopacka, 

2005, Berezina et al. 2011). 

Eelpout is a benthic fish species with a relatively stationary behavior in coastal marine environments. Its 

food items consist mainly of benthic invertebrates, and eelpout is itself a food item for many fish-eating 

birds and mammals. The eelpout is a viviparous fish, i.e. there is an internal fertilization of the eggs and the 

female fish gives birth to fully developed fry, so the eelpout’s mode of reproduction (vivipari) enables the 

study of malformed embryo related to reproductive status of individual females in a population. 

Increased levels of malformed embryos indicate that the sediment is contaminated by different types of 

contaminants. The indicator is general and gives information about the summed effects of contaminants. 

The species is in addition sensitive to oxygen deficiency and increased temperature. The coldwater species 

is particularly sensitive to increased temperature during oogenesis in September to November when 

temperature normally is higher on deeper bottoms (Eriksson Wiklund and Sundelin 2001).  

A study of impact of malformed fry development in eelpout (Bergek et al. 2012) supports that induced 

malformation from environmental pollution can have a large effect on natural populations, and especially 

in sensitive eelpout populations with lower growth rates.  

Consequently, even though a threshold value of 2 % malformations of fry may seems low, it could have 

serious consequences at the population level, especially then recognised that also other types of severe 

abnormal fry developments can occur in the same broods.  
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Results and confidence 
The indicator malformed embryos of amphipods has been applied in sub-basins, Bothnian Bay, the Quark, 

Bothnian Sea, Åland Sea, Northern Baltic proper, Gdansk Bay, Gulf of Finland, Gulf of Riga and Belt Sea.  

Reproductive disorders in amphipods 
The stenotherm key species Monoporeia affinis has nearly disappeared from Gulf of Finland and the Gulf of 

Gdansk and is not present in the Belt Sea. However other amphipod species can be used in these areas. All 

amphipod species have a similar embryo development and the method is applicable on all species. The  

contaminant loads vary between different parts of an assessment unit, the GES evaluation that is made for 

one assessment unit might therefore not reflect the actual situation in every location in the unit. Therefore, 

more detailed results are presented in this section to provide a more detailed understanding of the 

environmental status.  

The status of the northernmost Baltic Sea is evaluated using pontoporeiidae amphipods. Data from each 

year is based on the mean results from 5 sampled stations (including 6 Van Veen replicates from each 

station) in the Bothnian Sea and 8 stations in the Baltic proper (Figure 6).  

 

Figure 6. % Proportion of malformed embryos of Monoporeia affinis in the Baltic proper and Bothnian Sea. The green line illustrates 
the GES boundary of 3.8. The increased values between 2001 and 2004 were caused by a special membrane damage illustrated by 
the photo.  

The data from the Gulf of Finland stems from sampling conducted during 2010-2012. In the coastal areas of 

the eastern part of the Gulf of Finland 8 sites were monitored and in the Neva Bay 4 sites, for the 

evaluation an average for the stations is made (Figure 7). The most frequent embryonic disorders such as 

Malformed embryos 
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embryos with aberrant cleavages in the early embryogenesis and single dead eggs and juveniles were found 

in the Neva Estuary in 2012-2013 (Figure 7). Percentage of females with malformed embryos in the 

amphipod G. tigrinus, G. fasciatus and P. robustoides collected from field sites in the Gulf of Finland 

reached 4-30% testifying on poor status of environments in some localities. The waters near St Petersburg 

were generally classified as having a ‘moderate’ hazardous substances status. There was some tendency for 

the assessment units with the poorest status to be located either near big ports or the locations of 

wastewater discharge. 

 

Figure 7. Frequency of occurrence of 8 different types of malformations and aberrations in embryos that were registered in the 
Gulf of Finland.  At least 50 females were analyzed. Altogether >20% of females carried malformed embryos of different types, 
indicating a sub-GES status as the boundary is <20%, in contaminated points such as area near pulp mills (Lake Onega), St 
Petersburg Port and Oil terminals and Nuclear power plant. N- Normal embryos. 1 - Oedema and impaired membranes where lipids 
had leaked outside the embryo. 2 - Malformed eyespot. 3 - Enlarged embryos with no other visible damage. 4 - Female with dead 
brood. 5 - Unidentified Stage dead eggs/embryos of a brood. 6 - Single dead eggs and juveniles. 7 - Embryos with aberrant 
cleavages in the early embryogenesis. 8 - Undifferentiated embryos in which cells have degenerated.  

For indicator evaluations based on malformation rates in eelpout, similar results can be found as for 

amphipods in that monitoring data is available in more or less the same assessment units. The indicator 

malformed embryos of eelpout has been applied in Danish waters, in Wismar Bight in Germany and at the 

Swedish west and east coast and Northern Baltic proper and the Quark.  
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Figure 8. Assessment criteria for malformed and early dead fry of eelpout. 

 

Confidence of the indicator status evaluation 
The confidence of the indicator is high in the northern Baltic proper and the northern Bothnian Sea, since 

we have more than 20 years data behind setting the GES-boundary. Other areas are moderate since we 

only have data for 5 years and in the Bothnian Bay there is no regularly monitoring activity, just single 

studies in restricted areas outside Piteå. 
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Monitoring requirements 

Monitoring methodology 
HELCOM coordinated monitoring is described in general terms in the on-line HELCOM Monitoring Manual. 

Currently a monitoring topic Biological effects of contaminants is included, however no specific sub-

programme has so far been developed for monitoring of malformation rate in embryos. As the information 

is not yet included in the manual, more detailed description of the general aspects of the design of the 

monitoring programmes applied nationally as well as monitoring guidelines are documented in this 

indicator report. Monitoring guidelines are documented in detail in Swedish in ‘Handboken för 

miljöövervakning’ (eng. The handbook for environmental monitoring). The main points of the guidelines are 

included in this indicator report. 

Collecting of gravid females of the amphipods Monoporeia affinis and Pontoporeia femorata occur in mid 

to late January when the embryos are in a late developmental stage facilitating the analysis. To obtain a 

quantitative sample, a grab sampler (e.g. Van Veen) should be used to collect amphipods inhabiting 

sediments but in cases where amphipods display low abundances, a bottom sled could be used to achieve 

greater sampling efficiency. To collect the sediment-dwelling amphipods, 5-and 1-mm sieves could be used 

depending on the size of the amphipods. For species producing several broods during the reproductive 

period the sampling should preferably be carried out in the early mating period when specimens in the 

population demonstrate more synchronous maturation than in the later part of the reproductive period. It 

is also possible to collect sediment and sexually maturing females and males in situ, to be incubated in 

aquaria during the period prior to mating and embryogenesis. The field-collected amphipods should be 

transported to the laboratory at a temperature matching their habitat, e.g. cold-water species in cold 

water. Many Baltic glacial relicts are stenotherm cold-water species and are particularly sensitive to 

temperature stress during oogenesis (Eriksson Wiklund and Sundelin 2001. The analysis of embryos is 

performed on living gravid females under a stereomicroscope. The frequency of malformed embryos of the 

Baltic amphipod Monoporeia affinis evidences a comparatively low variation in pristine areas and 50 gravid 

females per station give sufficient statistical power. They will be analysed for fecundity in terms of eggs per 

female, number of malformed, membrane damaged embryos, dead embryos and females with dead 

broods. For details see Sundelin et. al. 2008 (Times no 41, http://ices.dk/publications/our-

publications/Pages/-ICES-Techniques-in-Marine-Environmental-Sciences-.aspx).  

Collection of amphipods for the Second GES boundary i.e. G. tigrinus, G. fasciatus and P.robustoides is 

conducted from end of May to September by grab or scuba diving method. The samples of amphipods were 

collected from 10 to 12 a.m. in three replicates to estimate abundance. To collect quantitative samples of 

bottom animals including amphipods, a frame with the sampling area of 0.03 m2 and sieve with mesh size 

500 µm are used. The samples are preserved in 4 % formaldehyde before transportation to the laboratory. 

In laboratory all amphipods with body sizes >2 mm were picked out by hand. Then amphipods were 

separated into four categories: juveniles, males, females I (without eggs in marsupium) and females II 

(gravid females, with eggs/embryos in marsupium). The determination of the reproductive status of the 

females was based on the presence and structure of brood plates (oostegites). The immature females have 

oostegites lacking setae. The gravid females were size-sorted in a 0.5 mm step and placed individually into 

Petri dishes; then the eggs were carefully teased out of the marsupium with pins or forceps. Only females 

http://helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/biological-effects-of-contaminants/
http://ices.dk/publications/our-publications/Pages/-ICES-Techniques-in-Marine-Environmental-Sciences-.aspx
http://ices.dk/publications/our-publications/Pages/-ICES-Techniques-in-Marine-Environmental-Sciences-.aspx
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carrying a closed marsupium were included in the analysis. The developmental stage of eggs (embryos) was 

identified according to Weygoldt (1924) and Scadsheim (1982), cited in Pöckl (1993). The seven stages were 

distinguished. 

Eelpout should be collected (often using fyke nets) during the pregnancy period with the exact period mid-

October until December being recommended. Broods from 40 – 50 pregnant females should be examined 

per station, where both number and length of normal fry are recorded together with number of dead and 

living fry with different types of developmental anomalies in each brood.  

 

Description of optimal monitoring,  
Optimally, monitoring of embryo malformation rates should be carried out in all relevant HELCOM 

assessment units. Extending the spatial scope of the monitoring effort would increase the possibility to 

accurately evaluate the pressure from contaminants on soft bottom invertebrates and fish in the Baltic Sea. 

To obtain a more comprehensive picture of the health status of the amphipods it would be optimal to 

include also stations in the Bothnian Bay, southern part of the Baltic and stations on the Finnish side. 

Recently Estonian scientists had started to monitor Monoporeia affinis outside the coast and also in the Bay 

of Riga scientists started to work with embryo malformations of amphipods.  

Current monitoring  
The amphipod Monoporeia affinis is included in the national monitoring program in Sweden. Sweden is 

monitoring amphipod reproduction and Denmark and Sweden are monitoring eelpout embryos. Some 

surveys on eelpout reproduction have also been performed in Germany.  

Eelpout has been included in national and regional monitoring programs in Sweden and Denmark, where it 

is used for biological effects, contaminants and integrated fish monitoring.  

The amphipods were used as indicating taxa (survival test) in Russian Research Monitoring Programs by 

different institutions from 1990s, but monitoring of amphipod reproduction started in 2009. This method is 

developed mainly by the Zoological Institute of the Russian Academy of Sciences. Preliminary assessment of 

environmental health in the eastern Gulf of Finland was conducted at 12 coastal sites and is planned to be 

further continued. 

The indicator on malformations in amphipod embryos has been monitored in the Swedish national 

monitoring programme since 1994 on 14 stations in Bothnian Sea and northern Baltic proper (Figure 9). In 

2012 the program design was changed to include more stations to give a more comprehensive covering of 

the Baltic. The change in design of the monitoring station network was preceded by a study to determine 

the highest risk areas (Figure 10). 
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Figure 9. Design of the Swedish monitoring programme identifying stations where amphipods are sampled, 1994-2011 (left), since 
2012 (right). 

 

Figure 10. Results from the new program design. Logistic regression was used to judge the risk that the amphipods should develop 
malformed embryos in different regions of the Baltic Sea (each region includes 2-4 stations). Highest risk was detected outside 
Söderhamn (region 5) and outside Stockholm (region 6). The size of the circle illustrates the malformation rate in the region. 



HELCOM pre-core indicator report  

made available as reference material for HELCOM State and Conservation 5-2016 

17 

 

Description of data and confidence 

Metadata 
Data host for Swedish amphipod data is IVL. Project data from BONUS project BEAST are stored in the 

BONUS has database hosted by Aarhus University in Denmark. Data are under development to be delivered 

to ICES. Data host for Danish eelpout data is the Ministry for Environment, where data are stored in a 

database called MFSbase at Miljøportalen (http://www.miljoeportal.dk/Sider/Forside.aspx). Swedish 

eelpout data are stored in a database at SLU and at TOXICON. Project data from BONUS project BEAST and 

BALCOFISH are also stored in the BONUShaz database hosted by Aarhus University in Denmark 

(http://gis.au.dk/BALCOFISH/default.aspx). Data for Germany has been reported by Institut für 

Angewandte Ökosystemforschung (IfAÖ). Data are under development to be delivered to ICES. 

During sampling of amphipods Baltic Standard is used. During embryo analyses several persons analyse the 

same brood to assess the accuracy of determination. Normally there has been 95-98 % agreement between 

analyses.  

Regarding method quality assurance of eelpout reproductive disorders, international workshops have been 

held in relation to the monitoring programs (e.g. BEQUALM 2000) and in 2009 as part of BONUS+-projects 

BALCOFISH and BEAST. National workshops in relation to NOVANA monitoring activities have also been 

held in two times in Denmark. 

 

http://gis.au.dk/BALCOFISH/default.aspx


HELCOM pre-core indicator report  

made available as reference material for HELCOM State and Conservation 5-2016 

18 

 

Publications and archive  

(Archive) 

 

Publications used in the indicator  

Amphipod references: 

Aneer G (1975) Composition of food of the Baltic herring (Clupea harengus v. membrans L.) fourhorn sculpin 
(Myoxocephalus quadricornis L.) and eel-pout (Zoarces viviparus L.) from deep soft bottom trawling in the 
Askö - Landsort area during two consecutive years. Meerentutkimuslait. Julk/Havsforskningsinst Skr 239: 
146-154 

Ankar S, Sigvaldadottir E (1981) On the food composition of Halicryptus spinulosus von Siebold. Ophelia 20: 45-51 
Bacela K, Konopacka A (2005) The life history of Pontogammarus robustoides, an alien amphipod species in Polish 

waters. Journal of Crustacean biology 25:190–195. 
Berezina NA  (2007) Food spectra and consumption rates of four amphipod species from the North-West of Russia. 

Fundamental and Applied Limnology/ Archiv fur Hydrobiologie 168 (4):317–326. 
Berezina NA, Petryashev VV, Razinkovas A, Lesutiene J (2011) Alien malacostraca in the eastern Baltic Sea: pathways 

and consequences. In: Galil BS, Clark PF, Carlton JT (eds), In the Wrong Place - Alien Marine Crustaceans: 
Distribution, Biology and Impacts. Invading Nature - Springer Series in Invasion Ecology 6: 301–322.  

Elmgren, R., S. Hansson, U. Larsson, B. Sundelin and P. Boehm. (1983). The "Tsesis" oil spill: Acute and long-term 
impact on the benthos. Mar. Biol. 73, 51-65.  

Eriksson, A-K., Sundelin, B., Broman, D., Näf, C (1996). Effects on Monoporeia affinis of HPLC-fractionated extracts of 
bottom sediments from a pulp mill recipient. In: Environmental fate and effects of pulp and paper mill 
effluents. Servos et al (eds) p 69-78, St Lucie Press Florida 

Eriksson-Wiklund, A-K. B. Sundelin. (2001). Impaired reproduction of the amphipods Monoporeia affinis and 
Pontoporeia femorata as a result of moderate hypoxia and increased temperature Mar. Ecol. Prog. Ser. 
171:165-180. 

Eriksson Wiklund AK, Sundelin B (2004). Biomarker sensitivity to temperature and hypoxia- a seven year field study. 
Mar Ecol Prog Ser274: 209-214. 

Eriksson Wiklund A-K, Sundelin B, Broman D. (2005). Toxicity evaluation by using intact sediments and sediment 
extracts, Mar Poll Bull 50 (6): 660-667  

Eriksson Wiklund, Sundelin B, Rosa R (2008). Population decline of the amphipod Monoporeia affinis in Northern 
Europe, consequence of food shortage and competition. J Exp Mar Biol Ecol, 367; 81-90. 

Gorokhova E, Löf M, Reutgard M, Lindström M, Sundelin B (2013). Exposure to contaminants exacerbates oxidative 
stress in amphipod Monoporeia affinis subjected to fluctuating hypoxia. Aquatic Toxicology 127:46-53 

HELCOM (2014) BASE project 2012-2014: Preparation of biodiversity and hazardous substances indicators with targets 
that reflect good environmental status for HELCOM (including the HELCOM CORESET project) and 
improvement of Russian capacity to participate in operationalization of those indicators. 2014 Baltic Marine 
Environment Protection Commission HELCOM. 264 p. 

Jacobson, T. Prevodnik A. and Sundelin B (2008). Combined effects of temperature and a pesticide on the Baltic 
amphipod Monoporeia affinis. Aquatic Biology 1: 269-276.  

Jacobson T, Sundelin B.(2006). Reproduction effects of the endocrine disruptor fenarimol on a Baltic amphipod, 
Monoporeia affinis. Environ. Tox. Chem 25:1126-1131  

Jacobson T, Holmström K, Yang G, Ford AT, Berger U Sundelin B (2010). Perfluoroctane sulfonate accumulation and 
parasite infestation in a field population of the amphipod Monoporeia affinis after microcosm exposure. 
Aquatic Toxicology 98 99–106  

Jacobson T, Yang G, Ford AT, Sundelin B (2011). Low dose TBT exposure decreases amphipod immunocompetence and 
reproductive fitness. Aquatic Toxicology 101:72-77. 

Kuparinen J, K. Leonardsson J. Mattila, and J. Wikner. (1996). Food web structure and function in the Gulf of Bothnia, 
the Baltic Sea. Ambio:13–21. 

http://www.springerlink.com/content/?Editor=Bella+S.+Galil
http://www.springerlink.com/content/?Editor=Paul+F.+Clark
http://www.springerlink.com/content/?Editor=James+T.+Carlton
https://springerlink3.metapress.com/content/978-94-007-0590-6/
https://springerlink3.metapress.com/content/978-94-007-0590-6/
https://springerlink3.metapress.com/content/q28258/


HELCOM pre-core indicator report  

made available as reference material for HELCOM State and Conservation 5-2016 

19 

 

Lehtonen K, Sundelin B, Lang T, Strand J (2014). Development of tools for integrated monitoring and assessment of 
hazardous substances and their biological effects in the Baltic Sea. Ambio 43:69–81.  

Lindström M (1992) The migration behaviour of the amphipod Pontoporeia affinis (Lindström). Walter and Andrée de 
Nottbeck foundation scientific reports no 7 Dissertation, University of Helsinki. 

Löf M,  Sundelin B, Bandh C, Gorokhova E (2016), Embryo aberrations in the amphipod Monoporeia affinis 
as indicator of toxic pollutants in sediment, a field evaluation. Ecol Indicator 60:18-30 

Panov VE, Berezina NA (2002) Invasion history, biology and impacts of the Baikalian amphipod Gmelinoides fasciatus 
(Stebb.). In Leppäkoski E., Olenin S. & Gollasch S. (eds.), Invasive Aquatic Species of Europe. Kluwer Publ., 
Dordrecht:96–103. 

Pöckl M. (1993) Reproductive potential and lifetime potential fecundity of the freshwater amphipods Gammarus 
fossarum and G. roeseli in Austrian streams and rivers. Freshwater Biology 30: 73–91. 

Reutgard M, Eriksson Wiklund A-K, Breitholtz M, Sundelin B. (2014). Embryo development of the benthic amphipod 
Monoporeia affinis as atool for monitoring and assessment of biological effects ofcontaminants in the field: 
A meta-analysis. Ecological indicator 36:483-490. 

Sundelin, B. (1983). Effects of cadmium on Pontoporeia affinis (Crustacea: Amphipoda) in laboratory soft-bottom 
microcosms. Mar. Biol. 74, 203-212. 

Shiedek, D., Sundelin, B., Readman, J.W., McDonald, R.W. (2007). Interactions between climate change and 
contaminants, a review. Mar Poll Bull 54: 845-856. 

Sparrevik E, Leonardsson K (1995) Effects of large Saduria entomon (Isopoda) on spatial distribution of their small 
S.entmon and Monoporeia affinis (Amphipoda) prey. Oecologia 101: 177-184 

Sundelin, B. (1984). Single and combined effects of lead and cadmium on Pontoporeia affinis (Crustacea: Amphipoda) 
in laboratory soft-bottom microcosms. In: Ecotoxicological testing for the marine environment. G. 
Persoone, E. Jaspers, and C. Claus (Eds). State Univ. Ghent and Inst. Mar. Scient. Res., Bredene, Belgium. 
Vol. 2. 588 p. 

Sundelin, B. (1988). Effects of sulphate pulp mill effluents on soft-bottom organisms - a microcosm study. Wat. Sci. 
Tech. Vol. 20, No. 2, pp. 175-177. 

Sundelin, B., A-K. Eriksson (1998). Malformations in embryos of the deposit-feeding amphipod Monoporeia affinis in 
the Baltic Sea. Mar. Ecol. Prog. Ser. 171: 165-180.  

Sundelin, B., Ryk, L,  Malmberg, G. (2000) Effects on the sexual maturation of the sediment-living amphipod 
Monoporeia affinis. Environ. Toxicol 15: 5, 518-526. 

Sundelin, B., A-K. Eriksson. (2001). Mobility and Bioavailability of Trace Metals in Sulfidic Coastal Sediments. Environ 
Toxicol Chem 20: (4)  748-756. 

Sundelin, Rosa, R., Eriksson Wiklund, A-K (2008a). Reproduction disorders in a benthic amphipod, Monoporeia affinis, 
an effect of low food quality and availability. Aquatic Biology, 2:179-190. 

Sundelin B., Eriksson Wiklund A-K, Ford A (2008b). The use of embryo aberrations in amphipod crustaceans for 
measuring effects of environmental stressors. ICES Techniques in Marine Environmental Sciences no 41 
(TIMES) 

 
Eelpout references: 

BEQUALM (2000). Fish Reproductive Success – embryo development and survival in viviparous blenny Zoarces 
viviparus. Biological Effects Quality Assurance in Monitoring Programmes (BEQUALM). BEQUALM 
Newsletter 2000.  

Blekingekustens Vattenvårdsförbund (2005). Hanöbugten 2000-2002. (In Swedish). 
Bodammer, J.E. (1993). The teratological and pathological effects of contaminants on embryonic and larvae fishes 

exposed as embryos: a brief review. Am. Fish Soc. Symp. 14: 77-84. 
Davis, W.P. (1997). Evidence for developmental and skeletal responses as potential signals of endocrine disrupting 

compounds in fishes. In Chemically induced alterations in functional development and reproduction of 
fishes. Edited by Rolland, R.M., Gilbertson, M., Peterson, SETAC Press, Pensacola FL. 

Fagerholm B (2002). Integrerad fiskövervakning i kustreferensområden, Fjällbacka. Årsrapport för 2001. Fiskeriverket, 
Kustlaboratoriet. Arbetsrapport. 10p. (In Swedish). 

Gercken J., Förlin L., Andersson J. (2006). Developmental disorders in larvae of eelpout (Zoarces viviparus) from 
German and Swedish Baltic coastal waters.  Mar Pollut Bull. 53(8-9):497-507. 

HELCOM (2006). Manual for Marine Monitoring in the COMBINE Programme of HELCOM. Part D. Programme for 
monitoring of contaminants and their effects, updated 31.03.2006  



HELCOM pre-core indicator report  

made available as reference material for HELCOM State and Conservation 5-2016 

20 

 

ICES (2012). Report from working group on biological effects of contaminants. ICES WGBEC REPORT 2012 
Jacobsson, A., Neuman, E., Thoresson, G. (1986). The viviparous blenny as an indicator of environmental effects of 

harmful substances. Ambio 15(4): 236-238. 
Kalmarweb (2005). Samordnad kustvattenkontroll i Kalmar län. (In Swedish). 
Larsson, D.G.J, Forlin, L. (2002). Male-biased sex ratios of fish embryos near a pulp mill: Temporary recovery after a 

short-term shutdown. Environmental Health Perspective 110(8): 739-742.  
Napierska D., Podolska M. (2006). Field studies of eelpout (Zoarces viviparus L.) from Polish coastal waters (southern 

Baltic Sea). Science of the Total Environment 371: 144–155. 
Neuman, E., Sandström, O., Thoresson, G. (1999). Guidelines for coastal fish monitoring. National Board of Fisheries, 

Institute of Coastal Research, Ôregrund, Sweden, 44p 
OSPAR (2008). JAMP guidelines for general biological effects monitoring. Technical Annex 10 – reproductive success in 

fish.  
OSPAR (2010). OSPAR Coordinated Environmental Monitoring Programme (CEMP). Reference number: 2010-1. 
Sjölin, A., Olsson, P., Magnusson, G. (2003). Hälsotillstånd och fortplantning hos tånglake i recipienten til Mörrums 

bruk hösten 2002. Toxicon rapport 8/03. (In Swedish) 
Strand, J., Andersen, L., Dahllöf, I., Korsgaard, B. (2004). Impaired larval development in broods of eelpout (Zoarces 

viviparus) in Danish coastal waters. Fish Physiology and Biochemistry 30: 37–46 
Strand, J, Dahllöf, I. (2005). Biologisk effektmonitering i fisk. NOVANA teknisk anvisning for marin overvågning, kapitel 

6.3. Danmarks Miljøundersøgelser. (In Danish). 
Strand, J. (2005a). Biologisk effektmonitering i havsnegle og fisk. Marine workshopper 2004. Research Note from NERI 

No. 210, 34p. (In Danish) 
Strand, J. (2005b). Bioligiske effekter i ålekvabbe og muslinger. Marine områder 2004. Status og trends i NOVANA 

overvågning. Faglig rapport fra DMU. www.dmu.dk. (In Danish). 
Vetemaa, M. (1999). Reproduction biology of the viviparous blenny (Zoarces vivparus L.). Rep. Nat. Board Fish. Swed. 

2: 81-96, Fiskeriverket, Göteborg, Sweden. 
Vetemaa, M., Förlin, L., Sandström, O. (1997). Chemical effluent impacts on reproduction and biochemistry in a North 

Sea population of viviparous blenny (Zoarces viviparus). J. Aquat. Ecosys. Stress Rec. 6: 33-41.Ådjers, K., 
Appelberg, M., Eschbaum, R., Lappalainen, A., Lozys, L. (2001). Coastal fish monitoring in Baltic reference 
areas 2000. Kala- ja riistaraportteja 229: 1-14, Helsinki, Finland. Agenda item 3 at the HELCOM MONAS 
meeting 22 – 24 March 2004 in Tallinn, Estonia.  Additional relevant publications  

 


