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State of the soft-bottom macrofauna community  

Key message 

 

No evaluation of the indicator has been made yet using consistent methods throughout the Baltic Sea. The 

concept proposes a mixed GES-concept approach to be used for the open sea assessment units. For coastal 

units it is proposed to use nationally developed benthic invertebrate indexes (WFD) to evaluate the status. 

Previous studies have shown that the communities of invertebrate animals on the soft seafloor show a 

poor environmental status especially in the deep parts of the Baltic Proper. The sensitive species have 

disappeared from the communities in these areas, mainly due to oxygen depletion,  

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 

Example  

key-message 

map 
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an important link between the sediment and the water column. Macrozoobenthos also forms an 

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.  

Policy relevance of the core indicator 
 Primary importance Secondary importance 

BSAP 

Segment and 

Objective 

 Thriving and balanced 

communities of plants and 

animals (biodiversity) 

 Natural Distribution and occurrence of plants and 

animals (eutrophication) 

MSFD  

Descriptors and 

Criteria 

1.6 Habitat condition 

6.2 Condition of the benthic community 

 

Other relevant legislation: EU Water Framework Directive on the ecological status of the coastal and transitional waters 

 

Cite this indicator 
HELCOM[2015]. [Indicator name]. HELCOM core indicator report. Online. [Date Viewed], [Web link]. 
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Indicator concept 

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. 
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Open sea assessment units’ GES-concept 
For the open sea assessment units, GES-boundaries are provisionally proposed through the indicator using 

two complementary concepts for determining sensitivity values and setting the GES-boundary value. This 

allows for nationally developed GES-boundaries based on extensive historical data and expert judgment to 

be included as well as assigning GES-boundaries based on a calculation-approach for areas where this type 

of background information base is not available.  

The assessment unit specific GES-boundaries have not yet been specified, however an initial overview is 

provided in the summary table below. The steps to follow in identifying the boundaries are outlined in the 

following section to describe the GES-boundary concept in detail. 

Sensitivity value concepts 

A. Define sensitivity values for the macrozoobenthic species based on expert judgement and scientific 

literature (e.g. Baltic values from Leonardsson et al 2009 or other) 

B. Calculate sensitivity values for all macrozoobenthic species occurring in the Baltic Sea based on one 

compiled dataset, but separated along environmental gradients (e.g. salinity)  

(values have been calculated for this concept and are provided in the Assessment Protocol) 

GES-boundary setting steps 

NB: the following steps have not yet been completed for all open sea assessment units 

These steps are the same regardless of whether sensitivity value concept A or B has been used. However, if 

concept B has been used, then some additional considerations have to be applied. 

1. Calculate the BQI for the macrozoobenthic monitoring samples in the assessment unit.  

2. Calculate the GES-boundary for the assessment unit. Alternative approaches available. 

i. The boundary can be determined by excluding data from stations apriori in poor 

environmental status, exclusion criteria for stations include a measured oxygen 

concentration of ≤2ml/l and areas known to have been heavily affected by other 

anthropogenic pressures. 

ii. The boundary can be calculated based exclusively on stations apriori in good environmental 

status, defined by stations from reference condition locations. 

iii. The boundary can be defined as the lowest 20th percentile of the data if no information on 

the condition of the stations is available. 

When BQI is calculated using calculated sensitivity values (concept B) it is important to use the sensitivity 

values from the correct sub-set. There are 19 sub-sets that are defined based on different environmental 

parameters, and several sub-sets can exist within the same assessment unit. The sensitivity values are to be 

used for four sub-regions (north, east, central, south), made up of grouped HELCOM open sea assessment 

units. In order to calculate a sub-region specific GES-boundary, the calculated BQI values using sensitivity 

values from the different sub-sets must first be normalized.  

GES-boundary evaluation 

NB: the method for evaluating BQI for an assessment unit against the GES-boundary has not been agreed, 

different options are documented for future reference  
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Evaluating whether the BQI show an area to be above or below the GES-boundary for the assessment 

period per assessment unit can be done using the following options: 

I. By use of mean BQI, where the confidence of the evaluation is deemed higher if the range of values 
in the assessment unit is small 

II. The average BQI for the area is evaluated against the defined GES-boundary for the specific 
assessment unit. 

III. By use of 20th percentile (cf Leonardsson et al 2009) 

 

Coastal assessment units’ GES-concept 
The coastal assessment units are proposed to be evaluated within the scope of the WFD using nationally 

developed benthic invertebrate indexes. The GES-boundaries have undergone extensive intercalibration 

exercises and the evaluation of these areas using the established approaches is included in national 

regulation. Evaluating the same areas based on macrozoobenthos using slightly different indices and 

targets is not deemed suitable.  

 

Summary table of assessment unit specific GES-boundaries 
ID COUNTRY Name of the HELCOM 

Level 3 assessment units 

GES-boundary and sensitivity values EQR based G/M border as 

given in 2009 eutro-

assessment for 

consideration (xx%) 

acceptable deviation 

1 Denmark Bornholm Basin Danish 

Coastal waters 

  

2 Denmark Arkona Basin Danish 

Coastal waters 

  

3 Denmark Mecklenburg Bight 

Danish Coastal waters 

  

4 Denmark Kiel Bight Danish Coastal 

waters 

  

5 Denmark Belts Danish Coastal 

waters 

 0.35-0.63 (37-47%) (DKI) 

6 Denmark The Sound Danish Coastal 

waters 

 0.63 (37%) (DKI) 

7 Denmark Kattegat Danish Coastal 

waters, including 

Limfjorden 

  

8 Estonia Northern Baltic Proper 

Estonian Coastal waters 

Sensitivity values based on literature 

and expert knowledge 

0.50 (50%) (ZKI) 

9 Estonia Gulf of Finland Estonian 

Coastal waters 

Sensitivity values based on literature 

and expert knowledge 

0.50 (50%) (ZKI),  

0.24 (new intercalibrated 

ZKI) 

10 Estonia Gulf of Riga Estonian 

Coastal waters 

Sensitivity values based on literature 

and expert knowledge 

0.50 (50%) (ZKI) 
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11 Estonia Eastern Gotland Basin 

Estonian Coastal waters 

Sensitivity values based on literature 

and expert knowledge 

0.50 (50%) (ZKI) 

12 Finland Bothnian Bay Finnish 

Coastal waters 

 0.56-0.58 (42-44%) (BBI) 

13 Finland The Quark Finnish Coastal 

waters 

 0.57-0.58 (42-43%) (BBI) 

14 Finland Bothnian Sea Finnish 

Coastal waters 

 0.56 (44%) (BBI) 

15 Finland Aaland Sea Finnish 

Coastal waters 

  

16 Finland Archipelago Sea Coastal 

waters 

 0.32-0.44 (42-47%) (BBI) 

17 Finland Northern Baltic Proper 

Finnish Coastal waters 

  

18 Finland Gulf of Finland Finnish 

Coastal waters 

 0.42-0.56 (44-58%) (BBI) 

19 Germany Bornholm Basin German 

Coastal waters 

  

20 Germany Arkona Basin German 

Coastal waters 

  

21 Germany Mecklenburg Bight 

German Coastal waters 

 0.60 (40%) (MarBIT) 

22 Germany Kiel Bight German Coastal 

waters 

 0.60 (40%) (MarBIT) 

23 Latvia Gulf of Riga Latvian 

Coastal waters 

  

24 Latvia Eastern Gotland Basin 

Latvian Coastal waters 

  

25 Lithuania Eastern Gotland Basin 

Lithuanian Coastal waters 

 0.70-0.83 (17-30%) (average 

number of species) 

26 Opensea Kattegat SE: legally binding BQI=12 (20th 

percentile) 

DK:  

0.61 (37%) (DKI) 

27 Opensea Great Belt   

28 Opensea The Sound   

29 Opensea Kiel Bay   

30 Opensea Bay of Mecklenburg   

31 Opensea Arkona Basin  0.37 (63%) (BQI) 

32 Opensea Bornholm Basin   

33 Opensea Gdansk Basin   

34 Opensea Eastern Gotland Basin   

35 Opensea Western Gotland Basin   

36 Opensea Gulf of Riga   

37 Opensea Northern Baltic Proper   

38 Opensea Gulf of Finland   
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39 Opensea Aaland Sea SE:  legally binding BQI= 4 (20th 

percentile) using concept 1 sensitivity 

values 

 

40 Opensea Bothnian Sea SE: legally binding BQI= 4 using concept 

1 sensitivity values 

FI: 

 

41 Opensea The Quark SE: legally binding BQI= 4 (20th 

percentile) using concept 1 sensitivity 

values 

 

42 Opensea Bothnian Bay SE: legally binding BQI= 1.5 (20th 

percentile) using concept 1 sensitivity 

values 

FI: 

 

43 Poland Eastern Gotland Basin 

Polish Coastal waters 

 0.46 (54-66%) (BQI) 

44 Poland Gdansk Basin Polish 

Coastal waters 

 0.46 (54%) (BQI) 

45 Poland Bornholm Basin Polish 

Coastal waters 

  

46 Russia Gulf of Finland Russian 

Coastal waters 

 0.5 (50%) (abundance of 

Monoporeia affinis) 

47 Russia Eastern Gotland Basin 

Russian Coastal waters 

  

48 Russia Gdansk Basin Russian 

Coastal waters 

  

49 Sweden Bothnian Bay Swedish 

Coastal waters 

SE: legally binding BQI= 2 (20th 

percentile) using concept 1 sensitivity 

values 

0.29-0.31 (69-71%) (BQI) 

50 Sweden The Quark Swedish 

Coastal waters 

SE: legally binding BQI= 4 (20th 

percentile) using concept 1 sensitivity 

values 

0.14-0.31 (69-86%) (BQI) 

51 Sweden Bothnian Sea Swedish 

Coastal waters 

SE: legally binding BQI= 4 (20th 

percentile) using concept 1 sensitivity 

values 

0.14-0.30 (70-86%) (BQI) 

52 Sweden Aaland Sea Swedish 

Coastal waters 

SE: legally binding BQI= 4 (20th 

percentile) using concept 1 sensitivity 

values 

0.29-0.31 (69-71%) (BQI) 

53 Sweden Northern Baltic Proper 

Swedish Coastal waters 

SE: legally binding BQI= 4 (20th 

percentile) using concept 1 sensitivity 

values 

 

54 Sweden Western Gotland Basin 

Swedish Coastal waters 

SE: legally binding BQI= 4 (20th 

percentile) using concept 1 sensitivity 

values 

Kalmarsund 0.29 (71%) 

(BQI) 

northern Gotland coastal 

waters 0.25-0.40 (60-75%) 

(BQI) 

western Gotland coastal 

waters 0.25-0.40 (60-75%) 

(BQI) 

mainland coastal waters 

0.25-0.30 (70-75%) (BQI) 
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55 Sweden Eastern Gotland Basin 

Swedish Coastal waters 

SE: legally binding BQI= 4 (20th 

percentile) using concept 1 sensitivity 

values 

 

56 Sweden Bornholm Basin Swedish 

Coastal waters 

SE: legally binding BQI= 4 (outer coastal 

waters, national type 7 + 9), 3.5 

(Blekinge inner coastal waters, national 

type 8) (20th percentile) using concept 1 

sensitivity values 

0.25-0.29 (71-75%) (BQI) 

57 Sweden Arkona Basin Swedish 

Coastal waters 

SE: legally binding BQI= 4 (20th 

percentile) using concept 1 sensitivity 

values 

 

58 Sweden The Sound Swedish 

Coastal waters 

SE: legally binding BQI= 10.3 (5-20 m 

depth), 12 (>20 m depth) (20th 

percentile) using concept 1 sensitivity 

values 

 

59 Sweden Kattegat Swedish Coastal 

waters 

SE: legally binding BQI= 10.3 (5-20 m 

depth), 12 (>20 m depth) (20th 

percentile) using concept 1 sensitivity 

values 

 

 

 

Anthropogenic pressures linked to the indicator 
 Strong connection Secondary connection 

General eutrophication, seabed disturbance e.g. trawling, 

contamination e.g. oil spill 

 

MSFD 

Annex III, 

Table 2 

Physical damage 

- trawling 

Nutrient and organic matter enrichment 

- inputs of fertilizers and other nitrogen 

and phosphorous-rich substances 

- inputs of organic matter 

Biological disturbance 

- selective extraction of species, including 

incidental non-target catches (e.g. by 

commercial and recreational fishing) 

Contamination by hazardous substances 

introduction of synthetic compounds 

Physical damage 

- sealing 

Contamination by hazardous substances 

- introduction of non-synthetic 

compounds 

Macrozoobenthic community composition is a very good indicator of environmental status because the 

result integrates several pressures on the environment over a moderate period of time. This quality of the 

macrozoobenthic community implies that status changes can, however only be indirectly linked to 

anthropogenic pressures. The macrozoobenthic community structure is affected by eutrophication 

(including oxygen deficiency), changes in water and sediment quality and hydrographic conditions such as 

salinity or temperature as well as physical damage to the seafloor.  
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Table 1. The effect of anthropogenic pressures on macrozoobenthic diversity.  

Status of 

diversity 

Anthropogenic pressure 

Improved Slight eutrophication 

Reduced Severe eutrophication (incl. oxygen deficiency) 

Reduced Physical disturbance (due to abrasion, smothering, changes in siltation) 

Reduced Physical loss (due to sealing or selective extraction) 

Reduced Introduction of synthetic compounds (due to ship accidents or harbours) 

Altered Changes in the hydrological conditions (due to changes in salinity and/or temperature) 

 

The anthropogenic pressure the indicator clearly reacts to in large areas of the Baltic Sea is eutrophication 

that causes hypoxia and anoxia in bottom waters (Pearson and Rosenberg 1978, Hyland et al. 2005, Norkko 

et al. 2006). Hypoxia has resulted in habitat destruction and the elimination of benthic macrofauna over 

vast areas and has severely disrupted benthic food webs. In food-limited benthic communities, an increase 

in organic material input and subsequent disturbance are initially seen as large fluctuations in benthic 

diversity, abundance and biomass. Species composition changes as conditions deteriorate, and the 

advantage gained by smaller-sized, tolerant species results in decreasing total biomass and diversity of the 

benthic community as sensitive, large-sized and long-lived species disappear. At advanced stages of organic 

enrichment, most bottom-water oxygen is consumed by the aerobic microbial decomposition of organic 

material, resulting in hypoxia and anoxia and initiating the release of toxic hydrogen sulphide from the 

sediments. At these advanced stages of hypoxia and anoxia, macrozoobenthos is eliminated and important 

ecosystem services are lost. 

The most severe damage from the physical pressure of trawling is apparent in the southern areas of the 

Baltic Sea where the benthic macrofauna community is dominated by very long-lived species of clams and 

mussels. In other coastal areas the main physical damage of relevance to the macrozoobenthic community 

stems from dredging activities and dumping of dredged materials. Dredging and dumping activities can 

change local hydrographical conditions as well as change siltation rates especially in the short term.  

 

Assessment protocol 
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. 

Open sea assessment units 
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): 

𝐵𝑄𝐼 = [ ∑ (
𝑁𝑖

𝑁𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑
∗ 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒𝑖)

𝑆𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑

𝑖=1

] ∗ 𝑙𝑜𝑔10(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 
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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. 

Calculating BQI using sensitivity value concept B 

When sensitivity value concept 2 is used, the calculated sensitivity values are to be applied to the regional 

dataset. The calculated sensitivity values stem from a dataset of 32.000 samples, compiled from Denmark, 

Estonia, Finland, Germany, Latvia, Lithuania, Poland and Sweden. Using the compiled dataset, sensitivity 

values have been calculated for 329 species separately for 19 sub-sets (Table 2, Figure 1 and Table 3). 

Table 2. Sensitivity values for 329 species per 19 sub-sets (included as embedded excel) 

Microsoft Excel 
Worksheet
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Figure 1. Data has been grouped into 19 sub-sets to calculate sensitivity values (concept B) based on environmental parameters 
and the values from the appropriate sub-set must be used when BQI is calculated using this concept. 

The calculation of the sensitivity scores was done by splitting the dataset into 19 subsets based on 

environmental parameters, also taking into account any differences in the sampling strategy. Grouping was 

done according to salinity, depth, region and sampling gear (mesh size/grab size) (Table 1).  

Table 3. Information about the 19 subsets for sensitivity value calculations 

subset no of samples  

(> 1,000 strived for) 

salinity range 

[psu] 

depth range 

[m] 

region sampler size 

[m2] 

mesh size 

[mm] 

1 1,708 ≥ 30  south ca 0.1 1 

2 1,900 18-30 < 20 south ca 0.1 1 

3 2,114 18-30 > 20 south ca 0.1 1 

4 3,052 10-18  south ca 0.1 1 

5 2,337 5-18 > 60 central ca 0.1 1 

6 2,370 5-18 < 60 central ca 0.1 1 

7 657 5-18 < 60 central ca 0.1 0.5 

8 1,100 7.5-10  south ca 0.1 1 

9 782 7.5-10  east ca 0.1 1 

10 798 7.5-10  north ca 0.1 1 

11 958 5-7.5  south ca 0.1 1 

12 941 5-7.5  east ca 0.1 1 

13 582 5-7.5  east ca 0.1 0.5 
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14 2,686 5-7.5  east ca 0.02 0.25 

15 3,305 5-7.5  north ca 0.1 1 

16 191 3-5  east ca 0.1 1 

17 164 3-5  east ca 0.1 0.5 

18 1,678 3-5  north ca 0.1 1 

19 2,155 0.05-3  north ca 0.1 1 

 

Coastal assessment units 
The indices for the assessment of the state of the benthic invertebrates were developed as a response to 

the requirements arising from the EU Water Framework Directive which stated that benthic invertebrates 

are part of the biological quality element. As a result of no regional coordination, all EU Member States 

developed own indices (Table 4) and reference criteria and their compatibility was checked only later. The 

intercalibration exercises that aimed to bridge the national indices were finalized in 2011 and for the 

benthic invertebrates some countries in the Baltic Sea were able to intercalibrate their classification 

systems 

Table 4. National indices developed for assessment of WFD relevant water bodies using benthic macroinvertebrates in the Baltic 
Sea. 

Contracting 

Party 

Index Description 

Denmark (DK) DKI  

(ver 2) 

The Danish DKI index assesses soft bottoms by measuring abundance of all invertebrates in the van 

Veen 0.1m2 grab (sieve mesh size: 1mm). The boundary between the good and moderate status 

classes is based on discontinuities of the index to anthropogenic pressures (Josefson et al. 2009). In 

the DKI version 2, the species richness component was dropped. 

Finland (FI) BBI The Finnish BBI index is a combination of BQI and Shannon diversity (Perus et al. 2007). Five samples 

are taken by Ekman grab and pooled. The sieve mesh size is 0.5 mm. Reference conditions are mostly 

based on current least disturbed areas (1990–2000) and in some cases on historical data. The status 

classes are set by statistics. 

Estonia (EE) ZKI The Estonian ZKI index is based on relative biomasses (proportions of sensitive taxa) and species 

richness of benthic species on soft bottoms (Lauringson et al. 2012). The sieve mesh size is 0.25 mm. 

The good-moderate boundary is based on data from 1960s in non-polluted areas. The index was 

tested against the HELCOM Baltic Sea Pressure Index and inputs of nitrogen and phosphorus and 

statistically significant correlations were found. 

Germany (DE) MarBIT The German MarBIT index aggregates four separate metrics including indices on sensitive and tolerant 

species, species richness and abundance. The index is calculated from 10–20 pooled samples taken 

from each of up to three different substrates (soft bottom, phytal and hard bottoms) which are 

initially assessed separately (Meyer et al. 2009). Abundance of invertebrates is by default sampled by 

Kautsky frame (0.1m2) or alternatively by van Veen grab (0.1m2) on soft-bottoms in deeper water. 

The reference conditions are defined by autoecological information and expert judgment and verified 

by historical data and the good-moderate boundary was set on the basis of a significant change from 

the reference condition. It was tested against the Baltic Sea Pressure Index and inputs of nutrients 

with significant correlations. 

Latvia (LV) BQI Latvia use the Benthic Quality Index (BQI, Rosenberg et al. 2004), which uses species abundance 

(weighted by species-specific sensitivity values) and the species richness. The index calculates the 

proportion of each species’ abundance of the total abundance, weighs that by the sensitivity score, 

sums the weighted proportions, and finally the sum is multiplied by log-transformed species richness.  

In Latvia, the index is sampled from soft bottoms by a 0.5 mm sieve. The reference conditions are 

based on historical data. The method has been tested against anthropogenic pressures and the good-

moderate boundary is based on a discontinuity in the relationship of the index and the pressures. 
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Table 5. A summary table of the national macrozoobenthic multimetric indices. Source: The final report of the Baltic 
intercalibration group. 

Country 

Parameters in the index 
Combination rule 

of metrics 
Composition# Abundance 

Disturbance 

sensitive taxa 
Diversity Biomass 

Taxa indicative of 

pollution 

Germany 

MarBIT 

CW 

Taxonomic 

spread index  TSI 

based on 

reference taxa 

list for each area 

(also see section 

3.2. below) 

Correlation with 

reference log-

normal abundance 

distribution 

Fraction of taxa 

sensitive to 

disturbance in 

relation to 

reference taxa 

list for each area 

Taxonomic 

spread index 

based on 

reference taxa 

list for each area 

No 

Fraction of taxa 

tolerant to 

disturbance in 

relation to 

reference taxa list 

for each area 

Median value of 4 

indices 

Sweden 

BQI 

CW-TW 

composition of 

taxa with 

preclassified 

sensitivity values 

Species abundance 

weighted with 

sensitivity value 

+ adjustment 

factor abundance 

4 sensitivity 

classes for the 

East- and South 

coast, 

continuous 

sensitivity value 

on the West-

coast 

Species richness 

(logarithmic) 
No 

Oligochaeta, 

Chironomidae etc. 

1 formula of 

multiplications of 

metrics (20th 

percentile is 

compared to the 

boundaries within 

each waterbody) 

Finland 

BBI 

CW 

composition of 

preclassified 

sensitivity 

classes 

Species abundance 

weighted with 

sensitivity value + 

adjustment factor 

abundance 

4 sensitivity 

classes 

Species richness 

(logarithmic), 

Shannon -

Wiener’s index 

No 
Oligochaeta, 

Chironomidae etc. 

1 formula 

including 

averaging and 

multiplications 

Lithuania (LT) BQI Lithuania use the Benthic Quality Index (BQI, Rosenberg et al. 2004), which uses species abundance 

(weighted by species-specific sensitivity values) and the species richness. The index calculates the 

proportion of each species’ abundance of the total abundance, weighs that by the sensitivity score, 

sums the weighted proportions, and finally the sum is multiplied by log-transformed species richness.  

In Lithuania, the index is sampled from soft bottoms by a 0.5 mm sieve. The reference conditions are 

based on historical data from 1980–2009 and expert judgment. The good-moderate boundary is set 

on the basis of proportions of sensitive species. The method has been tested against winter nutrient 

concentrations. 

Poland (PL) B Poland uses a B index which is basically the species richness of benthic macroinvertebrates. The 

sampling is done on soft bottoms by the van Veen grab (0.1 m2, 1 mm sieve). The reference 

conditions are based on data from 1999 to 2009 and expert judgment. The highest index value per 

water type is used as the reference. All the class boundaries were found by the natural jenks method 

(Blenska et al. 2010). The method has been tested against nutrient concentrations. 

Russia   

Sweden (SE) BQI Sweden use the Benthic Quality Index (BQI, Rosenberg et al. 2004), which uses species abundance 

(weighted by species-specific sensitivity values) and the species richness. The index calculates the 

proportion of each species’ abundance of the total abundance, weighs that by the sensitivity score, 

sums the weighted proportions, and finally the sum is multiplied by log-transformed species richness.  

In Sweden the index is sampled by van Veen grab (0.1 m2) from soft bottoms by a 1 mm sieve. The 

reference conditions are found from the least disturbed areas in 1981–2006; the highest BQI values 

per water type is the reference. The good-moderate boundary was set by a statistically significant 

change from the reference condition (Leonardsson et al. 2009). The index is calculated per sample. 



HELCOM core indicator report - CORESET II project version 
Made available as reference material for State and Conservation 5-2016 

 

14 
 

Denmark 

DKI ver2 

CW 

composition of 

preclassified 

sensitivity 

classes 

Species abundance 

weighted with 

sensitivity value 

(from AMBI 

component)* 

As in AMBI 

method (5 

sensitivity 

classes) 

Shannon –

Wiener’s 

entropy index H 

No 

Specific 

opportunistic 

species 

1 formula 

including 

averaging and 

multiplications 

Lithuania 

BQI 

CW-TW 

composition of 

preclassified 

sensitivity 

classes 

Species abundance 

weighted with 

sensitivity value 

+ adjustment 

factor abundance 

4 sensitivity 

classes 

Species richness 

(logarithmic) 
No 

Oligochaeta, 

Chironomidae etc. 

1 formula 

including 

multiplications 

Latvia 

BQI 

CW-TW 

composition of 

preclassified 

sensitivity 

classes 

Species abundance 

weighted with 

sensitivity value 

+ adjustment 

factor abundance 

4 sensitivity 

classes 

Species richness 

(logarithmic) 
No 

Oligochaeta, 

Chironomidae etc. 

1 formula 

including 

multiplications 

Estonia 

ZKI 

CW 

composition of 

preclassified 

sensitivity 

classes 

No 

(see below) 

3 sensitivity 

classes, no very 

sensitive taxa 

Species richness 

adjusted to 

salinity at 

waterbody level 

(number of taxa 

divided by the 

maximum 

number of taxa 

per sample in 

the respective 

waterbody) 

Relative 

dry shell-

free 

biomass 

of 3 

sensitivity 

classes 

Oligochaeta, 

Chironomidae 

1 formula 

including 

multiplications 

Poland 

B 

CW-TW 

composition of 

taxa grouped 

into pre-

classified 

sensitivity 

classes 

species abundance 

weighted with 

sensitivity value + 

adjustment factor 

abundance 

3 sensitivity 

classes 

species richness 

(logarithmic) 
No 

Oligochaeta, 

Chironomidae, etc. 

Average EQR for 

each water body, 

with more than 

one monitoring 

station 

 

 

Relevance of the indicator 

Policy Relevance 
The core indicator has mainly been developed with the aim to evaluate the HELCOM ecological objective 

‘Thriving communities of plants and animals’ (Nature conservation). Some information of relevance can be 

gained also when assessing ’Natural distribution and occurrence of plants and animals’ (Eutrophication). 

Under the EU Marine Strategy Framework Directive, the indicator describes the state of benthic habitats 

(Descriptor 1, criterion 1.6 Habitat condition and Descriptor 6, criterion 6.2 Condition of the benthic 

communities). 

The coastal multimetric indices were developed for the EU Water Framework Directive under which they 

estimate the ecological status of the coastal and transitional waters. 
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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.  

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 
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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.  
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Results and confidence 
No evaluation results are available at this time, due to the fact that the GES-boundary concept has not yet 

been fully developed. When the concept has been settled, the available monitoring data will be used to 

evaluate the status of the assessment units. 

Finland will calculate the BQI before State&Conservation 2-2015 by using the national sensitivity scores 

(which are the same as Swedens) and also aim to calculate BQI with the calculated values (for comparison). 

 

In order to define GES, we will compare against coastal status, offshore historic data as well as offshore 

data from ‘good years’ (i.e. long hypoxic periods). 

The use of the calculated sensitivity values as a basis for calculating the BQI and GES-boundary thereupon is 

still under development.  

For Estonian waters, an initial comparison between nationally developed ZKI and BQI was carried out. Both 

ZKI and BQI values were calculated for each sample in the data base (2583 samples, collected during 2005-

2012 from Estonian marine area). The values of ZKI were then compared to the values of BQI by the means 

of linear regression analysis (Figure 2). Based on the preliminary analysis, the relationship between BQI and 

ZKI was weak and the BQI can not be applied in Estonia at this stage. There was a statistically significant 

positive relationship between ZKI and BQI (based on the new sensitivity values). This means, that both 

indices generally show similar pattern. However, even weak relationships can be statistically significant 

when the sample size is large. In this case the sample size was large (over 2500 data points) and the p-value 

itself is not enough to judge. The coefficient of determination (R2) of the linear relationship between the 

two indices was low (R2=0.175, i.e. 17.5% of the variance of ZKI was described by BQI) indicating that there 

is only a weak relationship between the two indices. The weak relationship can also be seen in the graph - 

there is a high scattering of the data in the regression space (Figure 2). 
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Figure 2. Correlation plot of Estonian ZKI values (species sensitivity values based on ecological knowledge) and BQI values 
(species sensitivities calculated mathematically)based on 2583 samples from 2005-2012. The line denotes the linear regression 
line (R2=0.175, p<0.001)  

 

 

Confidence of the indicator status evaluation  
No evaluation has yet been made. 

The data coverage is good with several long-term time series being available in the open sea areas, 

however the reason for the low confidence currently is the fact that the concept for the GES-boundary is 

still undecided. The indicator utilizes sensitivity values for the macrozoobenthic species. Some uncertainty 

still remains in the comparability of the sensitivity values across the Baltic Sea. 
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Monitoring requirements 

Monitoring methodology 
Monitoring of soft-sediment macrofauna is described in general terms in the HELCOM Monitoring Manual 

in the Programme Topic Benthic community species distribution and abundance. Monitoring specifically on 

soft-sediment macrozoobenthic communities is further described in the sub-programme: Softbottom 

fauna.  

For the open sea areas, regionally coordinated COMBINE monitoring has been carried out for soft-sediment 

macrozoobenthos while in the coastal areas Contracting Parties apply national monitoring practices. The 

Monitoring Concepts Table summarizes ongoing monitoring activities.  

Guidelines for monitoring is described in detail for open sea in Vilnäs & Norkko (2011). Sampling and 

analyses are made according to the guidelines for the HELCOM COMBINE programme. Sampling is 

performed once a year in May-June. 

Guidelines for monitoring in coastal waters varies between countries; 
Denmark Josefson et al. 2009 

Estonia Lauringson et al. 2012 

Finland Perus et al. 2007 

Latvia  

Lithuania  

Poland Blenska et al. 2010 

Russia  

Sweden Leonardsson et al. 2009 

 

Description of optimal monitoring,  
The benthic macrofauna should be monitored in all coastal assessment units and in the open sea sub-

basins. Some gaps currently exist in the coastal monitoring and monitoring programmes varying between 

coastal areas from year to year may need to be considered.  

Monitoring stations should optimally cover both soft- and mixed-sediment bottoms.  

 

Current monitoring  
The Monitoring Concepts Table lists the Contracting Parties currently monitoring soft-sediment 

macrozoobenthos. 

http://helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/benthic-community-species-distribution-and-abundance/
http://helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/benthic-community-species-distribution-and-abundance/softbottom-fauna
http://helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/benthic-community-species-distribution-and-abundance/softbottom-fauna
http://helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/benthic-community-species-distribution-and-abundance/softbottom-fauna#Concepts
http://helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/benthic-community-species-distribution-and-abundance/softbottom-fauna#Concepts
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Description of data and up-dating 

Metadata 
Offshore waters: From 1964–65 to 2007. Current status is the average of 2003-2007. 

macrozoobenthic data from DK, EST, FIN, GER, LAT, LIT, PL, SE 

Baltic Sea all basins open sea, in-situ sampling 

Coastal waters: the assessment reports under the EU Water Framework Directive in 2009. 
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