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Background 
The EU Marine Strategy Regulatory Committee has given a positive vote on new methodological standards 
(draft GES Decision, version 10.11.2016), where zoobenthos is included as a secondary indicator of 
eutrophication, meaning that the potential use of the indicator should be decided at the regional sea level. 
Proposed by IN-Eutrophication, STATE&CONSERVATION 5E-2017 and HOLAS II 6E-2017 agreed on revisions 
to HEAT 3.0, taking into account the new GES decision, and assigning the role of zoobenthos in the 
assessment, if it should be taken into use. 

HOD 51-2016 agreed GES boundaries for the State of soft-bottom macrofauna community core indicator in 
the Bothnian Bay, Quark, Bothnian Sea and Åland Sea. 

STATE&CONSERVATION 5E-2017 agreed GES boundaries for the core indicator Oxygen debt in the Bothnian 
Bay, Bothnian Sea and Åland Sea. In these areas, the indicator shows status below GES due to decreased 
bottom oxygen conditions, even though oxygen deficiency is not a problem and the soft-bottom fauna is 
thriving. 

Finland proposes applying the State of soft-bottom macrofauna community core indicator in the 
eutrophication assessment of the Bothnian Bay, Quark, Bothnian Sea, and Åland Sea, to support the 
assessment of indirect eutrophication effects, due to lacking or insufficient information provided by the 
Oxygen debt indicator.       

 

Action requested 
The meeting is requested to agree on applying the State of soft-bottom macrofauna community core 
indicator in the Bothnian Bay, Quark, Bothnian Sea and Åland Sea. 
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Proposal for applying core indicator ‘state of soft-bottom macrofauna community’ in 
eutrophication assessment of Bothnian Bay, Bothnian Sea and Åland Sea  
 

As proposed by HELCOM IN-Eutrophication, STATE&CONSERVATION 5E-2017 and HOLAS II 6E-2016 
adopted revisions to the eutrophication assessment aggregation produced by HEAT 3.0 (see Figure 1). 

 
Figure 1. Aggregation of the eutrophication assessment for open-sea areas. The elements/indicators are aggregated into criteria 
and further into criteria groups, taking into account the revised methodological standards (draft version 10.11.2016), applied by 
HEAT 3.0. The aggregation method is mentioned with a red text. The primary (=compulsory) elements/indicators and criteria are 
shaded gray, whereas the secondary (=non-compulsory) elements/indicators and criteria have no shading. Non-operational 
indicators are marked by dashed lines (of these Cyanobacterial bloom is being made operational for HOLAS II).  
 

We propose, that the secondary State of soft-bottom macrofauna community core indicator is applied in 
the eutrophication status assessment for HOLAS II, aggregated as presented in Figure 1. This will sufficiently 
increase the ecological relevance and confidence of the assessment of indirect effects / Criteria group 3, 
and subsequently the overall eutrophication status assessment in these areas, as explained below.  

In the present draft eutrophication assessment 2011-2016 for open-sea areas 
(https://portal.helcom.fi/workspaces/IN-EUTROPHICATION%20-109/Pages/Dataview.aspx), indirect 
eutrophication effects / Criteria group 3 are expressed by oxygen debt alone, or left without an indicator. 
As a result of the one-out-all-out principle between Criteria groups, this leads to potential dominance of the 
indicator. Oxygen debt indicates increase in oxygen deficiency below the halocline, as linked to 
anthropogenically driven eutrophication. It does, however, not take a stand on whether this decrease is 
crucial for the ecosystem, through oxygen deficiency. 

In the Bothnian Bay, Bothnian Sea and Åland Sea, such severe ecosystem effects do not occur, even though 
oxygen debt has increased and is below GES. This leads unavoidably to SubGES eutrophication status in 
these areas (see Figure 2). 

https://portal.helcom.fi/workspaces/IN-EUTROPHICATION%20-109/Pages/Dataview.aspx
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Figure 2. Oxygen debt status, expressed in GES / SubGES using 5 subclasses, in the 
draft eutrophication status assessment 2011-2016 (from 
https://portal.helcom.fi/workspaces/IN-EUTROPHICATION%20-
109/Pages/Dataview.aspx). 
 

The eutrophication assessment for the Quark lacks an indicator for indirect eutrophication effects / Criteria 
group 3. This is in contradiction to the requirements of the new GES-decision, and decreases the confidence 
of the assessment. 

Practical solution for updating indicator 
In order to apply the indicator in HOLAS II, Finland, through it’s participation in developing the indicator, is 
willing to report the final indicator values to ICES. The indicator could then be included into the 
eutrophication assessment database through a similar simple process as is now being done for the 
Cyanobacterial Bloom Index and the coastal indicators. 

In the next update, the indicator updates can be provided by the IN-Benthic group, in connection with 
providing information to the biodiversity assessment. 

As the indicator is based on HELCOM COMBINE data hosted by ICES, and updated through calculation 
processes, it is seen that the indicator update could potentially be included to the database algorithms 
developed by ICES, and embedded as part of the eutrophication assessment data flow system at ICES.  

 
State of soft-bottom macrofauna community core indicator 
The State of soft-bottom macrofauna community is a HELCOM core indicator. GES-boundaries were 
accepted for Bothnian Bay, Bothnian Sea, Quark and Bothnian Bay in December 2016 by HOD, and values 
for 2011-2015 were calculated by Finland and Sweden in January 2017.  

State of soft-bottom macrofauna community GES-boundaries and values for 2011-2015  in the Bothnian 
Bay, Quark, Bothnian Sea and Åland Sea are shown in the table below. The indicator responds negatively to 
increased eutrophication. 

HELCOM-ID Assessment unit GES-boundary Value 2011-2015 
SEA-014 Åland Sea 4.0 6.56 

SEA-014 Bothnian Sea 4.0 6.30 
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SEA-014 Quark 4.0 (potentially 
under revision) 

2.98 

SEA-014 Bothnian Bay 1.5  4.72 

  

BQI expressed values within GES in the Bothnian Bay, Quark, Bothnian Sea and Åland Sea (see Figure 3). 

  

  
Figure 3. BQI results for the Bothnian Bay, Quark, Bothnian Sea and Åland Sea. The average value is shown as a thick black 
line. Green indicates values within GES, and red indicates values below GES.  

 

 
Relevant segments from the yet unpublished State of the soft-bottom macrofauna community core 
indicator report are presented in Annex I.  
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ANNEX I. Segments from the State of soft-bottom macrofauna community core indicator 
report (unpublished) 

Authors of core indicator report 
Kerstin Schiele, Michael Zettler, Alexander DarrTorsten Berg, Kristjan Herkül, Mats Blomqvist, Darius 
Daunys, Samuli Korpinen, Henrik Nygård, Jan Warzocha, Wojciech Kraśniewski 

Estimating Good Environmental Status 
The indicator is based on the macrozoobenthic community structure and sensitivities of the taxa being 
evaluated using different national coastal indices and a common open sea benthic quality index (BQI; 
Leonardsson et al. 2009) with different taxa sensitivities in different regions.  

Evaluating the status of the environment in the open sea assessment units is done using BQI, the 
proportion of sensitive to tolerant taxa and the diversity of the community are the determining 
parameters. Generally, the higher the proportion of sensitive taxa and the higher the number of different 
species, the better the environmental status is evaluated to be. Sensitivity can be determined 
mathematically by comparing the pervasiveness of the species in different areas, in a way calculating 
sensitivity as rarity of the species compared to other present species. Sensitivity can also be determined 
through literature information on autecology of the species (as in DE indicator MarBit) or other literature 
information on sensitivity/tolerance combined with expert judgement about the species.  

The open sea GES-boundaries for the index are determined specifically for each assessment unit as the 
macrozoobenthic communities of the Baltic Sea vary to a high degree in the different large open sea 
regions. Macrozoobenthic monitoring data from the period 1965 to 2007 clearly indicates that the status of 
the macrozoobenthic community had already deteriorated in large areas of the Baltic Sea in the mid-1960s. 
The macrozoobenthic communities in the Baltic Sea are considered to have been affected by anthropogenic 
pressures in all areas, thus no areas with communities considered to be in pristine conditions can be found. 
Currently it is therefore very difficult to determine reference conditions, and in light of historical work, the 
estimations for reference conditions in the open sea may be underestimated. Defining GES in the indicator 
is therefore used in some assessment units based on an approach of comparison (i.e. reference) areas and 
in others by removing data points where the community has been completely destroyed by anoxia and 
then setting the GES-boundary at the 20th lowest percentile in the remaining dataset. The GES-boundary, as 
a specified BQI-value for an assessment unit, is defined based on apriori-knowledge of what the values ares 
for the area when the environmental condition is considered to be good.  

In general, the possible use of a reference value to determine GES should be considered with some level of 
caution, as it is important to recognize that the Baltic Sea ecosystem is a young and continuously evolving 
system still undergoing post-glacial succession (Bonsdorff 2006). Hence, decadal time-scale fluctuations in 
salinity regimes and consequent changes in benthic communities continuously shift the baseline for 
assessing reference conditions, and this needs to be considered.  

HELCOM CPs that are also EU Member States have developed methods for assessing the coastal areas using 
benthic invertebrates for the purpose of the EU Water Framework Directive. GEcS-target values as well as 
the specific index to be used, has been defined in national legislation. To avoid developing two 
contradictory environmental status evaluation outcomes in the coastal areas using benthic invertebrates, 
the pragmatic proposal is to integrate the national assessments from the WFD framework to the indicator 
in the coastal areas and to develop a common HELCOM method for evaluating the open-sea areas. 

Relevance of the core indicator  
Macrozoobenthic species in the Baltic Sea include animals such as clams, mussels, worms and 
crustaceans. The animals live on the seafloor as well as burrowed into the soft sediments, thus forming 
an important link between the sediment and the water column. Macrozoobenthos also forms an 
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important link in the marine food web by constituting an important food source for other animals such 
as fish and water birds, as well as acting as predators and decomposers.  

This indicator evaluates the status of the environment through an index developed to show changes in 
the abundance of sensitive species in soft sediments. Different species in the macrozoobenthic 
community display varying sensitivity to anthropogenic pressures in the environment. 

Role of soft-bottom macrozoobenthos in the ecosystem 
The main part of the seafloor is covered by soft sediments and the macrozoobenthic species live at the 
interface between the seafloor and the watermass. In any assessment of the status of the environment, the 
macrozoobenthic community is clearly a key link to be considered.  

The composition of the macrozoobenthic community varies across environmental gradients and reflects 
parameters such as salinity, oxygen, food supply, biotic interactions and hydrological conditions. Changes in 
the environmental parameters will result in changes of the community composition. In addition to changes 
due to natural environmental fluctuations, the composition is also affected by anthropogenic pressures. 

In the open sea areas of the northern sub-basins, the macrozoobenthic community is dominated by a small 
number of species, including for example, the amphipods Monoporeia affinis and Pontoporeia femorata, 
the isopod Saduria entomon, the polychaet Blygides (Harmothoe) sarsii and the bivalve Macoma balthica. 
In the open sea areas of the southern sub-basins the communities are markedly different with dominance 
of clearly marine species, including for example, the bivalves Arctica islandica and Astarte borealis and 
numerous species of polychaetes. 

In the open sea, the communities have for several decades been severely affected by oxygen depletion. 
Current evidence suggests that the spatial and temporal extent of oxygen deficiency has increased over the 
past decades.  Generally, Baltic benthic macrofauna are characterized by small shallow-dwelling species 
owing to low salinity and transient hypoxia; historically it was only in the southern Baltic where more 
mature communities composed of deeper-dwelling, larger species, e.g. some long-lived bivalves and large 
polychaetes, could have developed. However, currently macrobenthic communities are severely degraded 
and below a 40-year average in the entire Baltic Sea. 

The latitudinal distribution of marine macrozoobenthos in the Baltic Sea is limited by the gradient of 
decreasing salinity towards the north. The decreasing salinity reduces macrozoobenthic diversity, affecting 
both the structure and function of benthic communities (Elmgren 1989, Ruhmohr et al. 1996, Bonsdoff / 
Pearson 1999). In addition, the distribution of benthic communities is driven by strong vertical gradients. 
Generally, more species-rich and abundant communities are found in shallow-water habitats (with higher 
habitat diversity) compared to the deep-water communities which are dominated by only a few species 
(Andersin et al. 1978). The Baltic Proper has a more or less permanent halocline at 60-80 m, whereas in the 
Gulf of Bothnia stratification is weak or absent. The halocline in deeper waters and seasonal pycnoclines in 
coastal waters restrict vertical water exchange, which may result in oxygen deficiency is without question 
the most significant threat to the biodiversity of the Baltic Sea benthos.  

Macrozoobenthic species live at the interface between watermass and substrate, and influence the marine 
nutrient turnover by coupling the cycles of both compartments, known as the benthic-pelagic coupling. 
Foraging and burrowing activities in the sediments influence the oxygenation of the sediments and 
influences the chemical processes in the sediments. In addition to forming a link between the watermass 
and the sediments, the macrozoobenthic species also form an important link in the marine foodweb. Many 
of the macrozoobenthic species are primary consumers that filter particles from the water or graze on and 
in the sediments while others are predators and scavengers. Many marine top-predators feed on these 
macrozoobenthic species.  
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The benthic invertebrate species that make up the community have different characteristics and react 
differently to anthropogenic pressures, making an evaluation of the composition and abundance of species 
in the community in a specific area a good indicator for evaluating the status of the environment. In the 
marine area where one sample from the monitoring effort needs to represent a larger area as well as a 
relevant time period, the macrozoobenthic community is considered a good indicator due to the fact that 
the relative longevity of the species (years to decades) integrates environmental information and reduces 
fluctuations in the dataset once natural variability has been taken appropriately into account. 

Assessment protocol for open-sea assessment units 
The community data from the national sampling is to be analysed using the BQI approach, except for the 
evaluations in the coastal assessment units where national WFD indices are to be applied in accordance 
with national regulations. 

The BQI approach has been developed though several consecutive studies. In this core indicator the version 
of the index to be used is the formula as presented in Leonardsson et al (2009): 

𝐵𝐵𝐵 = � � �
𝑁𝑖

𝑁𝑐𝑐𝑐𝑐𝑐𝑖𝑐𝑖𝑐𝑐
∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑣𝑣𝑣𝑆𝑖�

𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑖=1

� ∗ 𝑣𝑙𝑙10(𝑆 + 1) ∗ 𝑁/(𝑁 + 5) 

where Sclassified is the number of taxa having a sensitivity value, Ni is the number of individuals of taxon i, 
Nclassified is the total number of individuals of taxa having a sensitivity value, the Sensitivity valuei is the 
sensitivity value for taxon i, S is the total number of taxa, and N is the total number of individuals in the 
sample (recalculated to 0.1 m2).  

The BQI index can in theory be applied to the entire Baltic Sea using the calculated sensitivity values, 
however the applicability has only been verified for German waters. The applicability of the calculated 
sensitivity values in areas with very low regional species diversity still needs to be further tested. The 
sensitivity value concept B where sensitivity values based on expert judgement are used, is therefore to be 
preferred when evaluating the northernmost assessment units. 
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