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Background 
 
This document contains the indicator report of the pre-core indicator ‘Cumulative impact on benthic 
biotopes’ (short form: CumI). The indicator was considered by the State and Conservation 6-2017 meeting as 
being of high priority for further development to a core indicator and State and Conservation 7-2017 recalled 
the high priority (para 3J.57 of the meeting outcome). The report was last presented to State and 
Conservation 12-2020 (report version from 16 Apr 2020) and has since been updated and enhanced 
substantially both in the method and in documentation. 

The 2nd HELCOM Indicator workshop considered the ”Cumulative impact on benthic biotopes” as ”the best 
option to assess the magnitude of potential effects (impacts in terms of ’state changes’) from physical 
pressures” (Workplan 7 Benthic Habitats, 2019). The work plan also states that it should be ready for 
application in HOLAS III. 

The indicator has since been developed further by Lead Countries Germany and Sweden. The time plan was 
presented to State and Conservation 13-2020. The indicator has subsequently been communicated at 
meetings of the Intersessional Network on benthic habitat monitoring (IN-Benthic 1- 2016,2-2018) and the 
subsequent Expert Network on Benthic Habitat Monitoring (EN BENTHIC 3-2019). Based on discussions on 
EN BENTHIC 3-2019, the progress of the indicator including test assessment results were presented at EN 
BENTHIC WS 1-2020 and WS 2-2020. 

Major changes made to the CumI have been presented to State and Conservation 14-2021, including changes 
to the assessment method of bottom trawling fishery. The changes have been discussed extensively and 
agreed upon in the meetings of the EN BENTHIC network 3a-2020, 4-2020, 5-2021, 6-2021 and 7-2021 
together with the outcome of two expert surveys within EN BENTHIC to consolidate the handling of the 
magnitude of pressures and biotope sensitivities in the CumI. 

EN BENTHIC 7-2021 took note of the results, considered the updated indicator report, agreed on the final 
details of the CumI method and supported for the indicator to be presented to State and Conservation 15-
2021 for the approval as a core indicator. 

EN BENTHIC 7-2021 also discussed mentioning the term ‘physical pressures’ in the title of the indicator and 
supported suggesting the change of the indicator name to State and Conservation 15-2021 to include the 
term ‘physical pressures’: “Cumulative impact from physical pressures on benthic biotopes”. 
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Action requested 
The Meeting is invited to: 

− endorse the shift of the indicator from pre-core indicator to core indicator status for use in HOLAS 
III, and to forward it to HOD for approval; 

− endorse the methodology and the threshold value setting approach, including any other specific 
requests defined within the document; 

− endorse the change of the indicator name to “Cumulative impact from physical pressures on benthic 
biotopes”. 
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Cumulative impact on benthic biotopes 

Indicator name 
Cumulative impact on benthic biotopes - CumI (proposed new name: “Cumulative impact from 
physical pressures on benthic biotopes”). 
 
The State and Conservation meeting, based on the information presented below (and in the 
Annex), is invited to endorse the indicator as a core indicator for inclusion in HOLAS III. 
 
The State and Conservation meeting is invited to endorse the proposal for re-naming the 
indicator. 
 
Scale of assessment for HOLAS III and rational 
The assessment scale applied for the indicator status assessment will use Scale 2 (17 subbasins). 
 
Spatial coverage of the indicator for HOLAS III 
The indicator will be applied to the entire Baltic Sea region in HOLAS III. The availability of 
pressure data (and the presence/absence of those pressures across the region) will influence the 
final assessment (i.e. spatial coverage), however, all areas will be assessed and any variation in 
input data (including presence or absence of those pressures in a locality) will be reflected in the 
status assessment and corresponding confidence evaluation. 
 
Methodology to be applied for HOLAS III and rational 
The CumI indicator applies a categorical approach to the evaluation of potential impact on benthic 
biotopes, derived from evaluating the presence and occurrence of known physical pressures (from 
human activities) and the sensitivities of the benthic biotopes on which they occur. The resulting 
evaluation provides a comprehensive risk-based evaluation of the potential impact on benthic 
biotopes as a result of the presence of human activities in the Baltic Sea region. The evaluation 
addresses the major human activities present in the Baltic Sea (that have an expected impact on 
benthic habitats), addresses broad benthic habitat types (BHTs), is applied across the entire Baltic 
Sea (at the sub basin scale), and the resulting outcome provides an overview of potential adverse 
effects based on the magnitude of pressures. The indicator therefore is comparable with similar 
indicator development under OSPAR (i.e. BH3), addresses both the BSAP and the MSFD (in 
particular D6C3), for those HELCOM Contracting Parties that are also EU Member States.  
 
The methodology and process are described in full within the latest version of the indicator report 
(see Annex 1) and a brief overview is provided here. An open access tool to support the running of 
the indicator evaluation (an R script) has also been developed by the co-Lead country Germany.  
 
In simple terms the cumulative approach applies a sequential cumulation matrix. The pressures 
are addressed by the the magnitude of those pressures (intensity and frequency) linked to the 
sensitivity of the biotopes (resistance and resilience) to derive potential impact per pressure. 
These separate impacts are combined cumulatively, based on categorising the impact levels (i.e. 
very low, low, moderate (three distinct classes: m1, m2 and m3), and high) and combining the 
impacts using a cumulative intersection matrix. The final categorical impact assessment can fall 
into one of 6 disturbance categories: very low, low, moderate 1, moderate 2, moderate 3 and 
high. The outcome of this risk-based evaluation in terms of the potential of adverse effects is 
determined by the disturbance categories. Evaluations representing very low and low are 
considered to have no  ‘adverse effects’, while those above are considered having ‘adverse 
effects’. ‘Status’ is presented here in terms of the indicator evaluation, based on the risk 
evaluation applied, and not a direct assessment of environmental status per se. 
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The State and Conservation meeting is invited to endorse the methodology in the indicator for 
application in HOLAS III. 
 
Threshold value setting logic and rational 
 The threshold value setting logic is based on the categorial approach applied within this indicator, 
as outlined above and defined in detail within the indicator report (Annex 1). The categorical 
approach results in 6 final disturbance ‘status’ categories into which the indicator results fall. The 
division between these categories is the basis for the threshold value application.   
 
Threshold value(s) 
In practical terms the threshold value applied is placed at the division between low and moderate 
categories within the indicator result categories (Impact intersection matrix). Thus, all moderate 
and high category results are considered to fail the threshold values, while those achieving low or 
very low overall outcomes achieve the threshold value. This threshold value placement is based 
on the defined aim that in categories below this threshold value no adverse effects on benthic 
biotopes are expected, through a lower level of both sensitivity the cumulative magnitude of 
pressure. 
 
The State and Conservation meeting is invited to endorse the threshold value setting in the 
indicator. 
 
Other significant issues that need to be addressed or presented to State and Conservation 
No specific issues are currently identified. 
 
Latest indicator report or (for new indicators) initially completed indicator template 
The latest version of this indicator, updated based on the recent EN BENTHIC meeting at which it 
was endorsed, is provided as annex 1 to this document. 
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1 Key Message 

The benthic biotopes in the Baltic Sea are negatively affected by several human activities causing 
physical disturbance to the seafloor, potentially leading to physical or functional loss of biotope 
areas. The indicator Cumulative impact on benthic biotopes (CumI) performs a predictive 
evaluation of the cumulative (i.e. aggregated) potential impact of several anthropogenic physical 
pressures on the benthic biotopes in the Baltic Sea. In this sense, the CumI performs a risk analysis, 
assessing the risk for a certain change in the environmental state. The CumI is thus addressing the 
BSAP segment of Natural Marine Landscapes and MSFD Descriptor D6C3. The benthic biotopes 
addressed by the CumI refer to the benthic abiotic habitats including their associated biological 
benthos communities. 

The current evaluation of the CumI includes bottom trawling fishery and mariculture, extraction 
and disposal of sediments (e. g. dredging and dumping), construction/building and operation of 
pipelines and cables, platforms and wind farms, coastal protection and shipping. These pressures 
are mainly concentrated in the offshore area. The indicator predicts the cumulative impact of 
these multiple pressures. Studying single pressures in isolation (sectoral approach) only provides a 
biased or skewed assessment in terms of seafloor integrity as a whole. Therefore, this cumulative 
approach is in line with the ecosystem approach, addressing the potential impact of multiple co-
occurring pressures. This is an approach that underlies the Baltic Sea Action Plan (BSAP) and the 
Marine Strategy Framework Directive (MSFD). The indicator does not perform a mapping of actual 
real impacts. It is based on a modelling approach, using biotope sensitivities (i.e. the sensitivities of 
the benthic communities living in specific broad habitat types) and the magnitude of the pressure, 
often derived from general pressure data. The resulting impacts can be interpreted as the 
potential change in the environmental state of benthic biotopes, given an undisturbed 
environment. Thus, it is important to note that the CumI does not deliver a state assessment as 
such while still contributing to the overall assessment of seafloor integrity. 

The highest cumulative impact from the physical pressures listed above generally occurs in the 
southern part of the Baltic Sea (Figure 1), dominated by wide-area pressures such as bottom 
trawling fishery. Bottom trawling can have long-lasting effects on biotopes, especially those 
dominated by long-lived benthic fauna. Extraction and disposal of sediments is generally the most 
severe pressure in most of the northern areas of the Baltic Sea. Locally, in archipelago areas and 
especially in fairways, erosion from shipping can have an impact on seafloor sediments. Pressures 
such as coastal protection are constrained to very narrow stretches or points on the coastline and 
are occurring in the whole Baltic Sea region. However, they may not be visible in the map in Figure 
1 due to the small pressure footprint and large scale of the map. 
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Figure 1 Impact assessment result of the Cumulative impact on benthic biotopes indicator in the Baltic Sea. The map shows the 
combined potential impact from physical disturbance, including bottom trawling fishery and mariculture, extraction and disposal of sediments, 
platforms and wind farms, pipelines and cables, coastal protection and shipping. The grey triangular area off the coast of Oblast Kaliningrad is a 
region without information on physical pressures from bottom trawling fishery. White areas within the Baltic Sea area represent regions with no 
impact (m1, m2 and m3 are three different levels of moderate disturbance). 
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1.1 Relevance of the core indicator 

On the level of phylum and class, ocean biota are more diverse than terrestrial biota (Briggs 1995). 
It is inhabited by representatives of most known higher taxonomic groups on earth, even more 
than in rain forests. On a global scale, the seafloor supports a rich biodiversity including species, 
biotopes, marine landscapes (spatially broad habitat complexes) and ecosystems. The seafloor is 
thus also structuring the marine landscapes of the Baltic Sea as the basis of the wide variety of 
species and biotopes found in this unique intracontinental brackish water sea. 

In addition to supporting a large range of biodiversity (as an ecosystem structure property), the 
seafloor is also important for the ecosystem functioning of the marine environment. Organisms 
living on and in the seafloor are important as food sources for consumers in the pelagic realm and 
beyond, including fish, birds and mammals. The seafloor is also the living space of some life-stages 
of otherwise pelagic species, including resting stages of phytoplankton. Therefore, it is important 
for sustaining marine reproduction and hence the maintenance of biodiversity in the oceans as a 
whole. Further, the seafloor sediments as parts of the biotopes play an important role in the cycles 
of (in)organic matter. In essence, the seafloor is a central and indispensable part of the total 
marine food web and ecosystem. 

Physical pressures on the seafloor from a wide range of human activities may alter the integrity of 
the seafloor. Together with other pressures from e.g. eutrophication, contaminants or non-
indigenous species, the marine ecosystem as a whole may be severely altered and degraded when 
physical pressures act on the seafloor. Adverse effects here will consequently have an influence on 
other components of the marine ecosystem. The integrity of the seafloor is thus one of the 
cornerstones of a healthy marine ecosystem. 

1.2 Policy relevance of the core indicator 

The following table shows the policy links of the indicator with respect to the HELCOM Baltic Seas 
Action Plan (BSAP) objectives and the European Marine Strategy Framework Directive (MSFD) 
criteria that the CumI indicator is targeting. 

 BSAP Segment and objectives 

BIODIVERSITY 

MSFD Descriptors and criteria 

D6 SEAFLOOR INTEGRITY 

Primary link • Natural marine landscapes D6C3 Spatial extent of each habitat type which is 
adversely disturbed 

Secondary link • Thriving and balanced communities of plants and 
animals 

• Viable populations of species 

D6C1 Spatial extent and distribution of physical loss 
of the natural seabed 

D6C2 Spatial extent and distribution of physical 
disturbance pressures on the seabed 

Other relevant legislation: EU Habitats Directive, EU Water Framework Directive 
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The focus of the indicator Cumulative impact on benthic biotopes (CumI) is physical disturbance 
and their impacts addressing the BSPA segment Natural Marine Landscapes and MSFD criterion 
D6C3. Results presented by the CumI indicator can subsequently be used to contribute to the 
assessment of MSFD criterion D6C5 which addresses the overall assessment of descriptor D6, 
referring to anthropogenic pressures as a whole, i.e. without restricting these to physical pressures 
alone. This is in accordance with the proposed procedure in 2017/848/EU that outcomes of 
criterion D6C3 shall contribute to the assessment of D6C5. Further, the CumI also provides 
information that can be useful for assessing MSFD criterion D6C4 by reporting the amount of 
benthic biotope loss (both direct physical loss and cumulative functional loss). For more detailed 
information, see section 5.2.  

1.3 Cite this indicator 

HELCOM (2021) Cumulative impact on benthic biotopes. HELCOM indicator report. Online. [Date 
Viewed], [Web link]. 

ISSN xxx-xxx 
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2 Results and Confidence 

Using HELCOM data from the period 2011–2016, the following paragraphs describe the result of a 
Baltic-wide assessment of physical pressures using the Cumulative impact on benthic biotopes 
indicator as well as the results for the 17 subbasin assessments of the Baltic Sea (HELCOM 
assessment level 2). This assessment is not a final one. It serves for testing the indicator and uses 
the same data as were used in the HOLAS II assessment in 2017/2018. The data are now 
(September 2021) outdated and for the upcoming HOLAS III assessment, new data will be used. 

The current assessment is based on the following seven groups of physical pressures: 

1. Bottom trawling fishery 
2. mariculture 
3. Extraction and disposal of sediments 
4. Pipelines and cables 
5. Platforms and wind farms 
6. Coastal protection 
7. Shipping 

Combining the magnitude of the pressure and biotope sensitivities (see Figure 13) to derive the 
impact, the map shown in Figure 1 represents the resulting potential cumulative impact from 
physical disturbance (MSFD criterion D6C3). The results indicate that most of the southern Baltic 
Sea is potentially exposed to high impacts but also impacts with a low level are widespread. The 
high levels predominate in the deeper, offshore parts of the sea (> 20 m water depth in the 
southern Baltic Sea) and are often associated with areas exposed to major fisheries activity. The 
shallower coastal waters are potentially less severely affected, especially as bottom trawling 
fishery and disposal of sediments are typically constrained to deeper waters.  

In most of the northern parts of the Baltic Sea, extraction and disposal of sediments is the most 
severe pressure. In the southern areas of the Baltic Sea the benthic biotopes are predominantly 
affected by bottom trawling activities. Locally, e.g. in archipelago areas and especially in fairways, 
erosion from shipping is an important pressure. 

All eight of the HELCOM broad scale habitats (from HOLAS II, see section 4.8) used in the 
assessment are potentially affected (Figure 2). On a Baltic-wide scale, in five of the biotopes most 
of the area is unaffected by physical pressures. The percentage with cumulative impact varies 
between 32 % (circalittoral mixed substrate) and 73 % (infralittoral sand). Major parts of 
circalittoral sand biotopes are potentially affected by a high degree of disturbance. In most 
biotope types a physical disturbance of low and moderate (lowest moderate category of m1) is 
dominating while a high degree of disturbance is typically seen in less than 35 % of the disturbed 
area. 
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Figure 2 Assessment results of the Cumulative impact on benthic biotopes in the Baltic Sea (without loss). The graph shows the 
percentage of the individual HELCOM biotope types potentially disturbed and the corresponding disturbance category (m1, m2 and m3 are three 
different grades of moderate disturbance, the category “none” represents both the unaffected area and the area not assessed due to lack of data). 
See section 4.8 for the mapping of these habitat types to the MSFD habitat types. 

Breaking down the numbers for disturbance to the 17 HELCOM subbasins of the Baltic Sea (level 2 
of the HELCOM assessment units), the results show regional differences in the extent of 
anthropogenic pressures and their impacts on the Baltic Sea and its seafloor (see Appendix 9.1 A 
for details). The least amount of impact is predicted in the Bothnian Bay, the Gulf of Finland, the 
Bothnian Sea, the Northern Baltic Proper and the Åland Sea. The remaining expected impacts 
mostly concentrate within the infralittoral zone (exceptions are the Gulf of Riga, Kattegat, Bay of 
Mecklenburg, Gdansk Basin, and Great Belt). The highest impacts are on the other hand seen in 
+Kiel Bay, Bay of Mecklenburg, Bornholm Basin and Kattegat. The highest impacts from the 
pressures used in this assessment are predicted in the circalittoral zone, mainly due to bottom 
trawling fishery. 

2.1 Pressure and impact maps 

The following sections present the outcome of the assessment in terms of the magnitude of 
pressure (MOP) of the individual pressures and their resulting impacts when combining them with 
the biotope sensitivity (see section 4 for further details). Information on the nature on the 
pressure data can be found in section 4.9. 

The pressure maps represent the information needed for MSFD criterion D6C1 and D6C2 (spatial 
extent and distribution of physical pressures). The impact maps represent the partial outcomes for 
MSFD criterion D6C3 that are subsequently combined in the cumulation process (see section 4.4), 
resulting in the map shown in Fehler! Verweisquelle konnte nicht gefunden werden.. 
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2.1.1 Bottom trawling fishery 
The pressure from bottom trawling fishery (also called demersal trawling), according to the yearly 
ICES data for the years 2011–2016, is shown in Figure 3. The CumI considers the surface abrasion 
in a depth of 0–2 cm. Subsurface abrasion (> 2 cm depth) generally has a smaller SAR1 (areal 
magnitude of pressure) compared to surface abrasion and is included in the surface SAR values. 

Trawling fishery is mostly confined to the Kattegat and the southern part of the Baltic Sea and 
mostly ends south of Gotland and Åland. The highest magnitude of pressure is generally found in 
deeper waters. Most of the area where bottom trawling is going on shows a very low magnitude of 
pressure, followed by a high and moderate magnitude of pressure. 

 

1 SAR = swept area ratio, see section 4.9.1 for further details. 
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Figure 3 Magnitude of pressure (surface abrasion) from bottom trawling fishery in 2011–2016 in the Baltic Sea, derived from VMS and 
logbook data as processed by ICES. MOP classes (very low – high) are explained in section 4.9.1.The data from ICES use a 0.05° x 0.05° grid (roughly 
3 x 5 km in the shown region) which here was smoothed to a 1 x 1 km grid for the purpose of the assessment. The grey triangular area off the coast 
of Oblast Kaliningrad is a region without information on physical pressures from bottom trawling fishery. 
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Figure 4 shows the resulting potential impact caused by bottom trawling fishery, as a result of 
combining the magnitude of pressure with the sensitivity of the biotopes (see section 4.8.1 for 
more details on the biotope sensitivity, Figure 17 shows a map with the spatial distribution of the 
biotope sensitivities). The highest impact is generally found in deeper waters (just as for the 
magnitude of pressure). Most affected areas show a high impact level, closely followed by m1 (the 
lowest moderate category) and low impact. 

 

Figure 4 Impact on benthic biotopes from bottom trawling fishery (surface abrasion). The grey triangular area off the coast of Oblast 
Kaliningrad is a region without information on physical pressures from bottom trawling fishery. 

2.1.2 Mariculture 
The individual sites for mariculture (shellfish and finfish) are very small compared to the whole 
Baltic Sea. Shellfish mariculture is reported from Denmark, Sweden (Blue Mussels) and Germany. 
Finfish mariculture is reported from Germany, Denmark, Sweden and Finland. Showing a Baltic-
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wide map of mariculture is thus not useful. Figure 5 shows the mariculture pressure in terms of 
the magnitude of pressure in a small part of the Archipelago Sea (along the coast of Finland) 
where the spatial density of finfish mariculture is high within the Baltic Sea. As the data is point 
data and the actual extent of the mariculture sites is unknown, zones of different MOP have been 
defined around the location of the site. The site itself and the near surroundings are treated as 
loss and thus not shown in the map (see Appendix F for details). 

 

Figure 5 Example of the magnitude of pressure from finfish mariculture (point data) near the coast of Finland within the Archipelago Sea. 
The mariculture site itself and the near surroundings are treated as loss and thus not shown in the map (as a white “hole” in the middle of the MOP 
zones). 
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Figure 6 Potential impact from mariculture (finfish) near the coast of Finland within the Archipelago Sea, based on the MOP in Figure 5. 

2.1.3 Extraction and disposal of sediments 
The reported sites for extraction (including dredging, digging) and disposal of sediments are shown 
in Figure 72. The extraction of sand and gravel is concentrated in the southern and western Baltic 
and in the Gulf of Finland. Deposition of sediments takes place along the whole Baltic coast with 
most sites reported in Danish waters. Also dredging activities are widespread along the Baltic 
coast, with most sites along the eastern coast. 

 

2 This pressure type can also include non-living resources other than sediments, such as stones/rock. However, the current data 
only include sediments up to grain sizes of sand and gravel. Therefore, the pressure name was chosen to use the term ‘sediments’. 
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Figure 7 Reported sites (points and areas) for deposition of dredged material (left; point data in orange, areal data in black) and dredging 
activities (right; point data in red, areal data in black) in the period 2011–2016 (maps from MADS). 

  

The pressure is confined to near-coastal regions, as extraction (especially dredging) typically is 
done in or near harbours or shallow waterways. The spatial extent is not large on a Baltic-wide 
scale, but locally and for shallow coastal areas, this pressure can at times be the most extensive. 
The available data does not always include the amounts of extracted or deposited material. 
Further, the number and frequency of events is often unknown (e.g. number of events per year or 
assessment period). Such information is typically not included in the data. This also means that the 
assessment currently is a precautionary one, possibly assessing larger areas as disturbed in the 
CumI assessment than is actually the case. 
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Figure 8 Magnitude of pressure (left) and potential impact (right) from dredging in the Archipelago Sea, as an example of the pressure 
extraction and disposal of sediments. 

 

2.1.4 Pipelines and cables 
Data for pipelines and cables are reported from many individual sites around the Baltic Sea. 
Pipelines are often near-shore and the only long ones are the pipelines from Germany to Russia 
(NordStream 1; operational in the assessment period, visible in Figure 1) and off the coast of 
Poland. The same is true for cables where the longest is located between Germany and Finland. 

An example for cables is shown in Figure 9. 
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Figure 9 Magnitude of pressure (left) and potential impact (right) from a cable under construction in Denmark, as an example of the 
pressure type Pipelines and cables. The higher impacts result from more sensitive biotopes near the coast. (Beware: the m3 category might appear 
dark green to the eye while it is in fact blue; this is an illusion due to the small size of the map and the lighter green colour around). 

 

2.1.5 Platforms and wind farms 
Wind farms are located in several places, mostly close to the shoreline. The data from HELCOM 
only contain two platforms. These are two oil platforms in the southern part of the Eastern 
Gotland Basin. Figure 10 shows an example of wind turbines in a windfarm off the Danish island of 
Lolland. Depending on the sensitivity of the benthic biotopes, the impact zones around the turbine 
(its footprint is accounted as loss) are either ranging from an m1 to high level in the case of more 
sensitive biotopes or from low to m2 in case of less sensitive biotopes. 
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Figure 10 Potential impact from wind farm turbines as an example of the pressure Platforms and wind farms. The turbine fundaments 
themselves are accounted as loss and thus not included in the CumI disturbance assessment. The impact zones show different impact levels 
depending on the sensitivity of the benthic biotope and the distance from the turbine. 

2.1.6 Coastal protection 
Examples from the pressure type coastal protection are shown in Figure 11. These are structures 
such as harbours, piers, sea walls, flood protection or breakwaters. They are confined to the 
coastline. The data comprise both polyline data and polygon data. 

 

 

Figure 11 Examples of magnitude of pressure and potential impact from Coastal protection in Estonia. 
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2.1.7 Shipping 
Shipping is present in the whole Baltic Sea but traffic with larger vessels is typically concentrated 
along specific routes which concentrate the long-range shipping to narrow shipping routes. 
Otherwise, most traffic is found in the coastal areas. 

The magnitude of pressure is mainly very low. Low, moderate and high magnitude of pressure is 
confined to the most frequently used shipping routes and to shallow waters. 

 

Figure 12 Example of potential impact from the pressure Shipping in Kiel Fjord, in front of the entrance to the Kiel Canal. 

2.2 Confidence of the indicator status evaluation 

There is always uncertainty in scientific data and evaluation methods which are based on natural 
phenomena and rely on a large amount of specific information. The CumI assessment is being 
done in good faith to make best use of the available data, across the entire region of the Baltic 
Sea. The data used here are the ones also used in the last HELCOM HOLAS assessment (HOLAS II) 
and have as such undergone review and quality control.  

2.2.1 Current evaluation 
The confidence is currently not assessed numerically but on the basis of an expert judgement, 
basically assessing the confidence from (1) the underlying pressure data for the assessment and 
(2) the validity of the assessment method. As the main effect in the outcome stems from bottom 
trawling fishery, this pressure mainly determines the confidence in the overall assessment at least 
in the southern part of the Baltic Sea. In most of the northern areas of the Baltic Sea extraction 
and disposal of sediments is generally the most severe pressure and the confidence in the 
outcome will mainly be determined by the quality of these data. 

The confidence is also dependent on the quality of the sensitivity scores used for the benthic 
biotopes (also for the main effect from bottom trawling, as stated above). Currently, these are 
derived from expert surveys done by HELCOM for HOLAS II, combined with literature data (see 
section 4.8.1 for details). These scores do currently not contain uncertainty information. Such kind 
of information should be added in future or calculated from the spread of the expert answers. 
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The overall confidence of the indicator evaluation is assessed to be medium. 

There are two main reasons for this classification: 

1) The data underlying the pressure Bottom trawling fishery are the result of a large data 
collection effort and the work of many expert groups within ICES and other bodies. As such, they 
represent the best available data on that pressure. The assignment of sensitivities of the biotopes 
towards trawling has been evaluated by ICES and the authors of this report have reviewed recent 
scientific literature to ensure that the given sensitivities are in line with the current knowledge 
(see Appendix I). 

The other pressures only have a limited impact on the overall result of the CumI evaluation (due to 
their small often footprint and the large spatial scale for the Baltic Sea or the 17 subbasins). 
Regarding those pressures, the magnitude of pressure does not always have optimal quality, 
neither spatially, nor temporally or in terms of information used to derive the pressure intensity. 
Typically, there is missing data about the exact times and durations of the individual pressures. 
Further, the data is often only available in an aggregated form. The cumulation assumes that all 
pressures occurring within the same assessment period potentially act together. In reality, this is 
often not the case as the assessment period includes six years and most pressures do not act over 
the whole period and not at the same time. This limitation will be less prominent in the next 
dataset (used for HOLAS III) as the data calls try to make sure that more detailed data is provided 
on the individual pressures. 

2) The transformation from the stage of a pressure to an impact (‘impact’ in terms of the ‘S’ in the 
DAPSI(W)R(M) management cycle, i.e. an environmental ‘state change’) is based on some 
assumptions and simplifies the complex reactions of the individual species in the benthic 
communities to only reflect the assumed aggregated effect on the benthic community as a whole. 
This is the typical way of applying a model to describe natural phenomena. While the individual 
reaction of a plant or an animal is not predictable, the aggregated average reaction of a whole 
population, benthic community, or ecosystem in terms of an overarching environmental 
parameters is much more stable and well-described. It can at least be quantified in terms of 
impact categories for the magnitude of pressure, sensitivity, the intersection and cumulation 
process. Using a continuous numerical scale would pretend a higher accuracy of the results than 
can be obtained from the underlying information and biological data. To avoid the perception of 
an absolute/high accuracy and to allow the inclusion of the inherent uncertainty of the data, the 
categorical approach is thus the best fit. 

2.2.2 Planned evaluation 
Future assessments should be based on a more rigid approach to assess the uncertainty. Ideally, 
all pressure data should already be delivered with an uncertainty score, e.g. for the pressure 
intensity or spatial extent. Then, this uncertainty score can be propagated through the steps of the 
assessment together with the data themselves. This will lead to an uncertainty assessment that is 
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at least semi-quantitative when using categories for the uncertainty, such as low, moderate, high. 
Such an approach of uncertainty categorization and propagation has been taken e.g. in the 
HELCOM BEAT assessment and will be tested in future for the CumI. 
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3 Threshold and Status Evaluation 

The CumI gives an evaluation of the spatial extent of disturbance into six different impact levels 
(from very low to high). Impacts above the level of low impact, i.e. moderate (m1, m2, m3) and 
high impact, are interpreted as leading to adverse effects. This defines the quality threshold of the 
indicator (see section 4.1 and 4.4 for more details). The result from the CumI assessment can be 
used to represent the adverse effects to be evaluated under MSFD criterion D6C3. Adverse effects 
in this sense are all cumulative impacts which are above the very low and low categories, i.e. the 
m1, m2, m3 and high impacts. Note that this is not the same as a GES (good environmental status) 
or non-GES status. The CumI results could, nonetheless, subsequently be used to support 
evaluating MSFD criterion D6C5. 
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4 Assessment Protocol 

The general concept of the CumI indicator follows the requirements of the EU commission 
decision 2017/848/EU. For the MSFD criterion D6C3, the decision requires to look at the extent of 
the area that is adversely affected by physical disturbance. This means, the CumI needs to assess 
the environmental impacts from those physical pressures and cannot be restricted to just mapping 
the actual magnitude of the pressure. The decision explicitly states in the description of MSFD 
criterion D6C3 that the assessment should include 

“… change in its biotic and abiotic structure and its functions (e.g. through 
changes in species composition and their relative abundance, absence of 
particularly sensitive or fragile species or species providing a key function, size 
structure of species)”. 

The mapping of the pressures themselves is the objective of the MSFD criteria D6C1 and D6C2. 
The wording of the decision makes it clear that the target of the criterion D6C3 is the 

“… change in […] structure and […] function”. 

It is not the state as such, in terms of its absolute position on a status scale (such as the GES scale). 
What the CumI calculates is rather the spatial extent of state changes that are to be considered 
adverse effects (in terms of a certain magnitude of the impacts). 

These requirements make it necessary to perform a transformation of the abiotic pressure data to 
the level of possible environmental impacts (i.e. state changes) from these pressures on the 
biotopes and their biota. This is done by using the sensitivities of the biotopes (derived from 
sensitivities of the biotope’s species) on which the pressures occur. The sensitivity information is 
then combined with the magnitude of the pressure to derive the possible environmental effect. 

4.1 General process 

The indicator concept follows the same principle as the OSPAR BH3 indicator Physical damage of 
predominant and special habitats. The OSPAR indicator is currently constrained to fishery pressure 
only, while the HELCOM CumI indicator also includes other physical pressures. 

The assessment presented in this report, uses HELCOM data from HOLAS II, in order to be as close 
as possible to agreed HELCOM procedures and methods of data collection and handling. Further, 
the framework conditions (buffer distances, categories of magnitudes of pressure, etc.) used by 
HELCOM in the HOLAS II assessment have been used in the present assessment, as far as possible. 
Details can be found in the respective subsections under section 4.9 of this report. 

The comparison of the CumI with the BSII (see Appendix C) and a German (see Appendix D) and 
Swedish case study (see Appendix E) are partly using deviating conditions from the ones presented 
in the main body of this report. 
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In general, the assessment for the Cumulative impact on benthic biotopes is performed using a 
Geographical Information System (GIS) as both the data and consequently also the actual 
assessment are spatial information in the form of vector data (point, polyline or polygon data). 
Raster data are converted to vector data for evaluation. The assessment procedure is a 
transparent and in principle easily followed step-by-step approach, taking the various GIS layers 
that are the basis of the biological and pressure information and doing certain spatial ‘intersect’ 
and ‘union’ operations on them. 

To facilitate the evaluation, an R script is provided, implementing the current CumI assessment. I 
can be customized in various ways. The R script is available on the EN BENTHIC workspace (in the 
HELCOM portal) together with a documentation, the used data layers and the resulting 
assessment results. The script is currently at version 1.0 (as of 2021-08-23). The evaluation can 
also be done using the commercial ESRI ArcGIS software (version 9 or higher), the free QGIS 
software or any other GIS software capable of handling vector data. 

The starting points of the assessment are a biotope map (see section 4.8) and a range of pressure 
maps (see section 4.9). In principle, the biotope map/layer is carrying sensitivity information for 
the individual biotopes and will be evaluated against each of the physical pressure layers (using 
the magnitude of pressure) separately (see Figure 13). These pressure layers contain data for 
physical disturbance and loss (areas with physical loss are removed from the CumI assessment in 
the last step of the process). The result is a set of layers with potential impacts on the benthic 
biotopes originating from the individual pressures used in the assessment, i.e. one layer for each 
of the pressures. 

 

Figure 13 Overview of the assessment protocol for a single pressure. The pressure is represented in terms of its magnitude of pressure 
and is combined with the sensitivities of the benthic biotopes. 

The different impact layers are subsequently cumulated using a hierarchical approach in which 
pairs of impacts are combined using a cumulation matrix (Figure 14). The order of the pairing is 
arbitrary. 

resistance
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Figure 14 Process of cumulation using a pairwise spatial union process. In this example, three different impact layers are cumulated. Two 
of them (impact 1 & impact 2) are combined first. Next, the result of this union is an initial cumulative impact and is subsequently combined with 
impact 3. The result of this second union is the final cumulative impact on benthic biotopes. 

4.2 Processing of pressure data 

The individual pressures must be present as separate spatial data layers. The pressures should be 
quantified according to the magnitude of pressure, using the four classes very low, low, moderate 
and high. Areas without pressure should be marked as having a MOP of ‘none’. Also, areas without 
information should be tagged separately (e.g. with ‘unknown’). The magnitude of pressure is 
represented as a function of pressure frequency, intensity and range. The duration of individual 
events is currently not considered, as well as the general temporal aspects of pressures. The three 
elements of the magnitude of pressure are defined as follows: 

• Frequency – the number of pressure events per time unit 
• Intensity – the strength, concentration or power of the pressure 
• Range – the exact size and extent of the polygons in the pressure layer 

All these parameters vary in time and in space and make it a complex task to quantify the 
magnitude when it is applied to determine impacts on benthic biotopes. This is because a pressure 
is typically dynamically changing and the resulting impact on the biotopes is not a static status 
reached linearly after a pressure ceases. In every phase with a ceasing pressure, recovery of the 
organisms and their environment may take place and shift the starting level for the following 
pressure event. Also, the recovery process may not follow the same trajectory as the 
deterioration. It is impossible to reflect this complexity without dynamic modelling of all involved 
processes. Therefore, the indicator uses simplified methods. 

There are various ways to reflect the intensity of a pressure within its range: 

1. Assignment of the whole range/area of the pressure to the same intensity, regardless of 
the distance to the source of the pressure. If there are more than one pressure source, the 

impact 1 impact 2

impact 3cumulative impact (1,2)

cumulative impact ((1,2),3)

= final cumulative impact on 
benthic biotopes
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individual polygons in the pressure layer can have differing pressure intensities. This option 
is not used in the CumI method. 

2. Divide the range/area of the pressure into zones of different intensity. The zones typically 
have a decreasing intensity the further away from the pressure source they are located. 
Within each zone, the intensity is constant. This option is used for most of the pressures in 
the CumI method. A number of default zones (also called buffers) are defined in the CumI 
method. These are listed in Appendix F. These values of the pressure-specific sizes of the 
zones/buffers and their pressure intensities are a default setting. They should not be 
interpreted as fixed and unchangeable. When specific information on the nature of a 
pressure is available, especially based on actual data or national agreements with member 
states, those specific values should be used for the respective area of applicability instead of 
the default ones. 

3. Use pressure-specific continuous intensity values, based either on a spatial intensity 
function or algorithm, or based on actual measured or reported data. This option is used in 
the CumI method for intensity (and frequency) of bottom trawling fishery. 

In order to be able to evaluate the magnitude of pressure against the respective sensitivity of the 
underlying benthic biotopes, the intensity must operate on the same scale throughout all 
pressures, i.e. a pressure intensity of e.g. “0.45” or “moderate” must have the same meaning in 
terms of the potential impact across the various pressures used. The pressure intensity for a given 
pressure layer must thus be translated to a common scale ranging from 0 to 1: 

• Value of 0: no intensity = no pressure 
• Value of 1: intensity leads to complete loss of function or loss of biotope (for the most 

tolerant biotope) 

For each biotope, a specific intensity of each of the considered pressures will result in the loss of 
function (e.g. a pressure of sedimentation with a height of 1 m from the activity “Disposal of 
dredged matter”). In order to be comparable (i.e. operate on the same scale), the intensity of 
every pressure must thus be specified against the same biotope (i.e. against the same relative 
sensitivity). 

The pressure frequency is independent of the biotope sensitivity and can be classified in absolute 
values for each pressure. It is divided into four categories: 

• very low = occasional (less than once a year) 
• low = regular (once per year) 
• moderate = frequent (two to three times per year) 
• high = persistent (more than three times per year or permanent) 

If both intensity and frequency carry a meaning for a certain pressure and data for this is present, 
the magnitude of pressure is derived from the following matrix (Table 1). 
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Table 1 Intersection matrix when combining pressure frequency and intensity into overall magnitude of pressure. The frequency 
categories are adapted from BioConsult (2013), the intensity scale pragmatically divided into four equidistant classes. 

Magnitude of pressure 
intersection matrix 

Frequency 

persistent 
(more than three times 
per year or permanent) 

frequent 
(two to three times per 
year) 

regular 
(once per year) 

occasional 
(less than once per 
year) 

In
te

ns
ity

 

high 
(0.75–1) 

High High Moderate Moderate 

moderate (0.5–
0.75) 

High Moderate Moderate Low 

low 
(0.25–0.5) 

Moderate Moderate Low Very low 

very low 
(0–0.25) 

Moderate Low Very low Very low 

 

While some pressure data are available as numerical values that allow for the direct quantification 
of the intensity and frequency of the pressure, others might only be available in terms of presence 
data. For some pressure types, the concept of frequency is even not applicable. In order to use 
presence data for pressures, a quantification of these data using typical values found in literature 
or by empirical expert judgement is needed. For this purpose, the weighting factors for the Baltic 
Sea Pressure Index (BSPI: Korpinen et al. 2013) may be utilized in a modified way (not used in the 
current assessment). Several of the data layers are only available as point data, e.g. giving the 
amount of dredged or disposed material in tonnes but without spatial extent, intensity or 
frequency. In order to use this kind of data, suitable values for those missing properties need to be 
found from literature or by expert judgement as was done in the HELCOM HOLAS II assessment for 
the BSII based on results from the expert survey and the literature survey. The spatial extent and 
intensity of the pressures may be adjusted based on detailed national data or technical 
information. This can be used to take into account local specifications that might otherwise be lost 
in a general Baltic-wide approach. 

Current application: Only for bottom trawling fishery the pressure dataset was detailed enough to 
actually calculate and use specific spatial intensity values for the assessment in this report. For all 
other pressures, only the intensity was available or could be derived from the raw data, or the 
frequency of the pressure was irrelevant. In these cases, the intensity was directly used as the 
value for the magnitude of pressure without further use of the above intersection matrix. The 
following sections present in detail, how the pressure maps were implemented for the assessment 
(also see the documentation in the R script). 
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4.3 The intersection process for impact determination 

After the MOP of the pressures have been determined and the sensitivity against the pressures 
has been assigned per biotope type, the biotope sensitivity is combined with the magnitude of 
pressure for each pressure separately (Table 2). This results in one layer of potential impact per 
pressure. Since both sensitivity and magnitude of pressure are ordinal variables (i.e. categorical 
variables with a specific ordering) no meaningful arithmetical operations can be done with them. 
Just as the derivation of sensitivity of biotopes and magnitude of pressure themselves, the 
combination of these two must be done using a matrix. This matrix converts pressure into 
potential impact using biotope sensitivity (replacing the original weighting factors used by 
Korpinen et al. (2013)).  

Unless the matrices for MOP and sensitivity, this intersection matrix is dividing the moderate class 
into three distinct classes (Table 2). This allows a refinement for the classification of severe 
disturbance. Note, that at this stage, no (functional) loss can occur. In the CumI, functional loss is 
only resulting from cumulation of two or more pressures, not from a single pressure. Loss at this 
stage is thus always direct physical loss from the respective MOP of the pressure. The 
classification, whether a single pressure is to be treated as loss, is done on an abstract level in the 
interpretation of the pressure (see Appendix F) and that classification only deals with physical loss 
according to the EU definition in 2017/848/EU. 

Table 2 Intersection matrix to combine magnitude of pressure and biotope sensitivity to potential impact on the benthic biotopes with 
subclasses for resulting moderate impacts into three classes. 

Impact intersection 
matrix 

Magnitude of pressure 

High Moderate Low Very low 

Se
ns

iti
vi

ty
 

High High High Moderate/m2 Moderate/m1 

Moderate High Moderate/m3 Moderate/m1 Low 

Low Moderate/m2 Moderate/m1 Low Very low 

Very low Moderate/m1 Low Very low Very low 

 

Further, all impacts above low, i.e. moderate (as m1, m2 or m3) and high are classified as 
significant impacts or adverse effects, respectively (see also section Fehler! Verweisquelle konnte 
nicht gefunden werden.). The number of four classes for significant impacts is similar to OSPAR 
BH3 where five disturbance classes are used. However, nine disturbance categories are used in 
total for the BH3 assessment in the North Sea in contrast to a total of six disturbance classes in the 
final cumulation step in the Baltic Sea. 
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Table 3 Classification of disturbance and loss according to the different impact categories in the assessment procedure. The boundary 
between low and moderate is the boundary of significant impacts. 

Impact 
(simple) 

Impact 
(extended) 

high high 

moderate 

moderate 3 

moderate 2 

moderate 1 

low low 

very low very low 

 

The differentiation of the significant impacts moderate and high into 4 classes (instead of 2) 
enables a more precise allocation, in particular for the later separation of functional loss in the 
cumulation process. 

4.4 The cumulation process 

The cumulation process is the last step in the calculations of the indicator. This is done using a 
hierarchical approach. In order for the impact to cumulate, the effects of the pressures need to act 
on the same area and at the same time or at least within the recovery time of the biotope since 
the last pressure event (as described in Table 5). Overlap in space (area) will automatically be 
handled when spatially intersecting the impact layers. Overlap in time cannot be seen from the 
impact categories. For simplicity and to use a precautionary approach, it is assumed that all 
assessed pressures do overlap when data from the same year or assessment period are used or 
when the pressure is not just occasional. This means, in the current assessment no temporal 
aspect is included. 

The following rules are applied for the cumulation process: 

1. The cumulative impact is determined using the instructions in Table 4 below 
2. If one of the resulting impacts is very high, it is considered a functional loss. The final 

cumulative impact is then also loss and need not be further cumulated 
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Table 4 Resulting cumulative impact when any two separate impacts are cumulatively intersected. The category very high is considered 
a functional loss. 

Cumulation matrix 
Impact 2 

high Moderate/m3 Moderate/m2 Moderate/m1 Low Very low 

Im
pa

ct
 1

 

high Very high Very high high high high high 

Moderate/m3 Very high Very high high m3 m3 m3 

Moderate/m2 high high m3 m2 m2 m2 

Moderate/m1 high m3 m2 m2 m1 m1 

Low high m3 m2 m1 Low Low 

Very low high m3 m2 m1 Low Very low 

 

Note, that e.g. three separate impacts are cumulated by first intersecting two of them and then 
applying the matrix again with the cumulative class and the third impact class. As an example, the 
three different moderate impacts m1, m2 and m3 will always cumulate to high, regardless of the 
order the cumulation is applied in. The same is true for another example of the different impact 
classes low, m3 and m2, which will always cumulate to high, irrespective of whether the highest or 
lowest impact will be cumulated first (see Figure 15). 

 

Figure 15 Example for the cumulation process using the cumulation matrix with all possible different orders of three impacts. 

 

These cumulation rules are specified such, that low and very low impacts together do not escalate 
to the next higher impact class (sort of additive cumulation) since the assumption is that such 
impacts do not typically interfere with each other and produce multiplicative effects. Moderate 
impacts, however, may escalate to high or very high impact when cumulated, since these already 
are regarded as “significant” state changes and the risk of multiplicative (synergistic) effects is 
high. The higher class of two impacts determines the cumulation result at least to prevent 
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averaging of impacts in the cumulation process. Antagonistic cumulation is regarded as not being a 
relevant option for this indicator where different pressure layers are evaluated. 

4.5 Handling of physical and functional loss 

The CumI handles both physical and functional loss in a special way. As loss is not part of MSFD 
criterion D6C3, the respective areas are generally not included in the CumI result (see section 4.1). 

Certain physical pressures may immediately lead to a physical loss of habitat. This is defined at 
pressure level and is part of the ongoing work in the EU technical group TG Seabed. This direct loss 
is not part of the actual CumI assessment. The CumI only evaluates the areas where no direct loss 
occurs. This means that the areas indicating direct loss are removed from the pressure maps and 
stored separately.  

Physical pressures may also lead to a functional loss by their cumulative impact, when they act in 
combination by spatially and temporally overlapping each other and reaching a certain impact 
level together. Such pressures act on the biotopes at the same place and at the same time. When 
such a functional loss is detected during the assessment procedure, the respective area is 
subsequently also moved from the CumI assessment the the separate map with loss, just as done 
for direct loss. 

Both the direct and the functional loss are combined and can be provided as a separate map. This 
is one of the main parts of the information needed to assess MSFD criterion D6C4 (apart from 
other, non-physical anthropogenic pressures causing habitat loss). 

4.6 Spatial assessment units 

The indicator can be used with all four defined spatial HELCOM assessment levels depending on 
the respective requirements of the assessment, e.g. HELCOM, MSFD or WFD. For this document, 
the CumI was calculated for the whole Baltic Sea (HELCOM marine area 2018), and the results 
were broken down to the 17 HELCOM subbasins which represent major ecologically relevant 
regions in the Baltic Sea. The results can be divided further into the coastal and offshore divisions 
(HELCOM assessment level 3) and into the WFD water types or water bodies (HELCOM assessment 
level 4).  

The assessment scale may also depend on the quality of the underlying input data and their spatial 
resolution. In order to achieve comparable results which can also be used across different 
indicators and descriptors, it is recommended that the assessment should be based at least on the 
17 HELCOM subbasins as defined in the HELCOM Monitoring and Assessment Strategy Annex 4.  

In national applications, other appropriate spatial subdivisions can be used, depending on the use-
case and the availability of more detailed data. For such applications, typically a much more 
detailed biotope map will be needed. 
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4.7 Methodology of data analysis 

4.7.1 Data format 
All data layers need to be in vector format as georeferenced GIS layers. The CumI assessment 
process works with polygon data. Point or polyline vector data is converted to polygons before 
entering the assessment by buffering the features spatially in the GIS using various so-called 
“buffer models” (see Appendix F). In certain cases, also polygons are buffered spatially to 
accommodate for specific pressure settings. The process of buffering assigns certain pressure 
intensities to a specific zone around the point or polyline, depending on the distance from the 
source of the pressure. Raster data is converted to vector format before it can be used in the 
assessment. This results in a vector layer with rectangular polygons. 

4.7.2 Spatial resolution of data layers 
Using vector data as much as possible enables the CumI to use the actual extent of the individual 
pressures without the need to generalise the data spatially (e.g. by translating the pressure data 
onto a uniform grid). This is the ideal case with respect to the spatial resolution. In the case of 
point or polyline data, the buffering process makes sure to approximate the real extent of the 
pressure as much as the information behind the data allow. Raster data should have a spatial 
resolution that is as high as possible. 

Generally, the spatial resolution of the pressure data should correspond to the resolution of the 
biotope map used for evaluating the pressures. When the polygons in the pressure data are much 
larger than the biotopes due to a low spatial resolution of the underlying pressure data (i.e. the 
pressure data are either rough approximations or generalizations), the resulting assessment will 
contain artifacts where impacts are predicted that are not possible in reality. 

4.8 The biotope data 

The basis of the assessment is formed by a biotope map showing the biotope types occurring in 
the assessment area. The term “biotope” refers to the physical (abiotic) habitats including their 
associated biological benthos communities (Cochrane et al. 2010, Olenin & Ducrotoy 2006). For 
the MSFD Descriptor D6 (“Seafloor integrity”) of the EU Commission Decision 2017/848/EU, the 
term “habitat” is also to be interpreted as a biotope. 

As the indicator is used for work in the Baltic Sea under the umbrella of HELCOM, the biotope 
types should be based on the HELCOM HUB classification system in order to ensure consistency 
and compatibility with the maps from the Member States and with other HELCOM work feeding 
into this indicator. 

Level 3 of the HELCOM HUB classification delineates (abiotic) habitats while the levels 4–6 
describe biotopes (i.e. include biotic elements). Thus, level 4 is the minimal level to be used for the 
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CumI. Ideally, the indicator would be derived from the same data basis as the one for the HELCOM 
indicator Condition of benthic habitats and other benthic indicators. This will ensure the coherence 
within the set of HELCOM core indicators and consecutive thematic assessments (e.g. within the 
HOLAS process) to be made based on these indicators. To this end, HELCOM HUB has been 
incorporated into the 2020 release of EUNIS. The EMODnet Seabed habitats that are potentially 
being used for HOLAS III will thus be suitable. 

The biotope types on the map should not spatially overlap but always be adjacent to each other. If 
there is a need to define more than one biotope type per area, biotope complexes (as defined in 
HELCOM HUB) should be used instead. 

For subregional or national assessments, a detailed biotope map can be used. Appendix D gives an 
example of a case study in German waters using a differentiated biotope map. 

Current application 

For the assessment presented in this report, the HELCOM broad scale habitats from the HOLAS II 
assessment were used (HUB level 3) as the basis, resulting in a set of eight different habitat types: 

HELCOM broad scale 
habitats 

Corresponding MSFD Benthic broad 
habitat types (EU decision 2017/848/EU) 

EUNIS codes (EU decision 2017/848/EU) 

Infralittoral mud Infralittoral mud MB6 

Infralittoral sand Infralittoral sand MB5 

Infralittoral hard substrate Infralittoral coarse sediment MB3 

Infralittoral mixed substrate Infralittoral mixed sediment MB4 

Circalittoral mud Circalittoral mud MC6 

Circalittoral sand Circalittoral sand MC5 

Circalittoral hard substrate Circalittoral coarse sediment MC3 

Circalittoral mixed substrate Circalittoral mixed sediment MC4 

 

These HECLOM habitats correspond directly to most of the MSFD habitat types. Only for hard 
substrate, the correspondence seems to be contradictive. However, this HELCOM habitat includes 
the classes “Rock and other hard substrate” and “Coarse substrate” of the original (EUSeaMap) 
data, so it covers the MSFD type also. 

These HELCOM habitats on HUB level 3 can represent various biotopes on HUB level 4. Hard 
substrates typically are dominated by vegetation in the infralittoral zone and by epifauna in 
general while sand and mud is dominated by infauna species. Mixed sediments typically represent 
biotope complexes and are inhabited by both in- and epifauna to different degrees. This 
information, as well as the list of typical/characteristic species in the last column from the table 
from Appendix H has been used to determine which biotopes can be mapped to the above list of 
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habitat types. However, for simplicity and for comparability with HOLAS II and the MSFD, the 
habitat names have been kept and no specific biotope names have been derived in this case. 

 

Figure 16 HELCOM broad scale habitats, compiled from presence/absence data based on EUSeaMap data, vectorized data layer from 
HELCOM Map and Data Service (MADS), as used in HOLAS II and in the current application of the CumI. 

4.8.1 The sensitivity information 
Every biotope type in the map is ideally assigned to an individual sensitivity category (very low, 
low, moderate, high) against each of the considered pressures. If no pressure-specific sensitivity 
information is available, a general sensitivity against physical pressures as a whole can be used 
instead. 

In principle, sensitivity is derived from its resilience and resistance towards the respective 
pressures. These two sensitivity components are defined as follows: 

• Resistance – the ability to withstand and tolerate a pressure without a change of 
the (environmental) state of the biotope 

• Resilience – the ability to recover from a pressure when it ceases. Here used in 
terms of the time needed to recover (recoverability or recovery time) 

Both components of sensitivity are needed in order to capture the most important aspects of the 
reaction of species towards a pressure. For example, using resilience alone (in terms of recovery 
time which is often measured using longevity information) can result in a skewed assessment. The 
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most long-living species in the Baltic Sea is the Ocean Quahog Arctica islandica. It has a long 
lifespan, but this does not necessarily mean that the species is particularly sensitive in general. In 
fact, the species is quite resistant towards e.g. oxygen deficiency as one of the possible pressures 
resulting from extraction and disposal of sediments. When considering resistance along with 
resilience, the overall sensitivity is assessed in a more realistic way. 

When based on resilience and resistance data, the sensitivity of the biotope is determined using a 
sensitivity intersection matrix (Table 5): 

Table 5 Intersection matrix when combining resilience (in terms of recovery time) and resistance towards physical pressures into the 
sensitivity of a benthic biotope. This matrix is adapted and modified from BioConsult (2013) in order to be compatible to other classifications e.g. 
used in the BSPI (HELCOM 2010) and by La Riviére (2016). The matrix also to a large degree corresponds to the one proposed by ICES (ICES 2016; 
WKFBI work). 

Sensitivity intersection 
matrix 

resilience 

very low 
(> 10 years) 

low 
(5–10 years) 

moderate 
(1–5 years) 

high 
(<1 year) 

re
si

st
an

ce
 

very low High High Moderate Moderate 

low High Moderate Moderate Low 

moderate Moderate Moderate Low Very low 

high Moderate Low Low Very low 

 

Alternatively, if there is no specific information available on resistance and resilience, an existing 
sensitivity score can be used which indirectly already takes resistance and resilience into account. 
Further, the sensitivity can vary spatially within each biotope type depending on environmental 
parameters such as salinity. 

The use of the sensitivity in the assessment implies that the sensitivity values should not reflect 
the state of a biotope after having been under pressure (i.e. the present state with potentially a 
reduced set of species or an altered hydromorphology) but rather some kind of modelled and 
static3 sensitivity based on the potential set of species, habitats and biotopes which would 
naturally occur within the considered biotope types used for the assessment. The reasoning for 
this is as follows: 

The resilience depends on the ability of a species or individual to recover from a pressure. When a 
population has been killed, it needs to re-colonize the affected area. Thus, the time needed for 
this process (including reproduction and growth) is determining the resilience. This is independent 
from the intensity of the pressure (assuming the pressure has ceased) but can depend on the 
frequency of recurring pressure events when the events are more frequent than the time needed 
for recovery. So, when the frequency and intensity of the pressure increase, the highly sensitive 

 

3 Unlike the dynamic sensitivity used in the OSPAR BH3 indicator. 
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species may drop out. The remaining community will have a higher resilience resulting in a lower 
biotope sensitivity. Frequently recurring pressure events would thus eventually lead to biotopes 
having a lower biotope sensitivity as only the most tolerant species would remain. Lower 
sensitivity would lead to a lower potential impact within the CumI assessment. This especially 
means that the sensitivity for the CumI needs to be static. Otherwise, the total risk of impact 
would decrease the longer the same pressure level persists because the sensitivity decreases. This 
is not what the CumI should reflect.  

The resistance of a species depends on its ability to cope with the pressure. Under the condition of 
a low magnitude of pressure when there is no direct dependency between the intensity of 
pressure and the sensitivity, the sensitivity cannot change only because the magnitude of pressure 
changes OR the sensitivity is constant while the intensity of pressure changes. When the 
magnitude of pressure increases further due to a greater pressure intensity, the resistance reaches 
a limit. At some point a pressure begins to have a more substantial effect on the species. This can 
range from a strong decrease of abundance to the disappearance of the species with a lower 
resistance. Then, however, the resilience will get decisive again, (if the overall biotope sensitivity is 
reduced, leading to a decrease of the total risk of impact over time.). 

In essence, within an originally highly sensitive biotope, the CumI shall reflect that a pressure can 
potentially lead to a higher impact than in a lesser sensitive biotope. Also, after a longer phase 
with a persisting high pressure, the CumI shall show the higher impact irrespective whether it 
already has happened (and the biotope has decreased in sensitivity due to the impact) or will 
happen in the future. 

Current application: Pressure-specific sensitivities are used with respect to bottom trawling 
fishery. All other pressures are handled using a general sensitivity towards physical disturbance 
(see Appendix J for the list of sensitivities). 

Bottom trawling: With respect to bottom trawling, the CumI considers the surface abrasion in a 
depth of 0–2 cm. Subsurface abrasion (> 2 cm depth) generally has a smaller SAR  (areal 
magnitude of pressure) compared to surface abrasion and is included in the surface SAR values. 

The sensitivity information concerning bottom trawling (surface abrasion) was initially taken from 
ICES WKFBI Report (2016) on habitat sensitivity for the Baltic Sea. The sensitivity estimation from 
this ICES Workshop was based on different project results, e.g. MarLIN and MarESA and other 
developments for a sensitivity and pressure matrix, mainly in the North Sea. Adaptations for the 
Baltic Sea region have been made on the basis of expert judgement. A subset of species was 
included that are typical for the habitats to estimate the sensitivity of the different habitats to 
fishing pressure (see Appendix H). As the sensitivities can vary depending on the salinity, an 
analysis of the distribution of the HELCOM broad habitat types with the distribution of bottom 
salinity has been carried out by using modelled results of the INTERREG BALANCE project 
(available at HELCOM MADS). This led to a more differentiated classification of the sensitivities: 
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• For biotopes on HUB level 6 (i.e. biotopes dominated by a single species that 
contributes at least 50 % of the total biomass/biovolume), the biotope sensitivity 
is derived from information on the dominant species (data from MarLIN, MarESA 
and ES50 values from BQI indicator procedure) 

• For biotopes on HUB level 5 (i.e. biotopes determined by a characteristic 
community), the biotope sensitivity is derived from information on the 
characteristic species of the community (also data from MarLIN, MarESA and 
ES50 values from BQI indicator procedure) 

• For biotopes on HUB level 4 (i.e. biotopes determined by the availability of 
oxygen and the presence or coverage of fauna and flora), the biotope sensitivity 
is derived from the ICES habitat sensitivity (ICES 2016: WKFBI report, Annex 4) 

As the sensitivities of biotopes are mainly based on expert judgement, a literature survey was 
conducted in addition, in order to check whether the assigned sensitivities are in correspondence 
with data from e.g. experimental and comparative studies on the reaction of benthos species and 
communities towards bottom trawling. Furthermore, the fishery literature was reviewed regarding 
the resolution of the trawling pressure as well as the method for the impact assessment on 
benthic habitats. If possible, the results were compared to biotope sensitivities, magnitude of 
pressure and the impact assessment method applied in CumI. For a detailed analysis of the fishing 
literature see Appendix Appendix I – Literature review – Fishing pressure (sections “Precluded 
literature” and “Assessed literature”). 

In summary, several studies had to be excluded for comparison due to data limitations and 
differing methods for assessing trawling impact (“Precluded literature”). To date, the spatial and 
temporal resolution of available fishing pressure data (SAR values) is too coarse to apply literature 
values on depletion per trawl pass (Eigaard et al. 2016 and Rijnsdorp et al. 2020). Many 
assessment methods for trawling impact relate to dynamic sensitivity of habitats as opposed to 
static biotope sensitivities as they are used for the CumI (Rijnsdorp et al. 2018, Eigaard et al. 2017, 
ICES Scientific reports 2020,  Hiddink et al. 2020, ICES 2019a, Annex 4 - technical guidance 
document).   

From the assessed literature, trawling pressure categories were assigned to lower SAR ranges 
compared to CumI, indicating that CumI intensity categories are less cautious (Van Denderen et al. 
2015). In general, the pattern of biotope sensitivities is in line with the literature. The CumI 
sensitivity map matches the longevity distribution of the benthic community in the Baltic, showing 
highest values in the Kattegat which decrease towards the Gotland basin (Van Denderen et al. 
2020).  This pattern is in good agreement with the distribution of maximal life spans of 
characteristic species associated with Baltic habitats (see Appendix H, and compared to life spans 
of characteristic species taken from the MarLIN database). Trawling impact assessments based on 
dynamic habitat sensitivities are characterised by benthic communities which are depleted of 
long-lived biota by former trawling activities. This results in an underestimation of biotope 



Cumulative impact on benthic biotopes 

 

 
Page 36 of 121 

 

sensitivity to trawling compared to assessments methods using static sensitivities as applied in the 
CumI (Hiddink et al. 2017, Pitcher et al. 2017).  

Key parameters such as biotope sensitivities, trawling pressure and method of impact assessment 
were compared with literature where applicable. Pressure categories in the CumI assessment are 
assigned to higher SAR ranges, following a less cautious approach compared to literature. The 
general pattern of assigned biotope sensitivities is in correspondence with literature data.  
Differing sensitivities to trawling impacts in similar biotopes can potentially be caused by 
differences in the applied assessment methods, either relating to dynamic sensitivity or static 
sensitivity of biotopes. 

General sensitivity: The general sensitivity towards physical disturbance is based on relevant 
literature (e.g. literature survey of the BalticBOOST project used in the BSII assessment) and on the 
sensitivity assignment used in the HOLAS II assessment for “physical disturbance” (HELCOM 
2018E: p. 16). The sensitivity assignments of HOLAS II are based on an expert survey and were 
reported for the general pressure “physical disturbance”. The definition of this pressure for the 
HOLAS II BSII assessment also included fishing but did not account for different types of fishing 
pressures. 

Sensitivity post-processing: As a last step, areas inhabited by the following species groups where 
assigned a high sensitivity for both bottom trawling and in general: Zostera marina, Furcellaria, 
Mytilus, Fucus, Chara. This is an additional step assigning biotope information to the broad scale 
habitats and follows the same procedure as used in the HOLAS II BSII assessment. The distribution 
data were taken from HELCOM MADS. Figure 17 shows the final distribution of the biotope 
sensitivity used in the application of the CumI assessment within this report. The detailed values 
are listed in Appendix J. 
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Figure 17 Final biotope sensitivities (right panel = general sensitivity, not pressure-specific; left panel = sensitivity with respect to bottom 
trawling, surface abrasion):  as used in the CumI assessment in this report. 

 

4.9 The pressure data 

4.9.1 Bottom trawling fishery 
The data used for the fishing pressure are the ones provided by the ICES Working Group on Spatial 
Fisheries Data (WGSFD) and available via the HELCOM Map and Data Service. The ICES secretariat 
collected relevant VMS and logbook data during 2017 for the years 2009–2016 to produce spatial 
data layers on fishing intensity as a technical service to HELCOM. The same data are also used in 
the OSPAR BH3 indicator Physical damage of predominant and special habitats. The data includes 
the fishing activities from the following métier groupings, named after the main gear type used for 
bottom trawling: beam trawls, dredges, demersal seines and otter trawls (ICES, 2017). Mid-water 
trawls are not considered4. 

The current assessment of the years 2011–2016 uses the yearly information on surface abrasion as 
swept area ratio (SAR). The yearly swept area ratio is the area swept within that year with specific 
fishing gear within a defined spatial area (c-square grid cell) of 0.05 by 0.05 degrees (roughly 2,800 

 

4 Mid-water trawl can have an effect on the seafloor (see e.g. Tingley (2014)). This may be included using the next release of the 
ICES data. 
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by 5,560 metres in the central Baltic Sea) divided by the total area of that cell. In theory, an SAR 
value of 1 corresponds to the whole cell being swept once by fishing gear per year. 

As the distribution of the fishing activity within the cell is unknown (confidential data), we assume 
a homogenous distribution. Under this assumption, the SAR can be interpreted as being a measure 
of frequency (how many times a cell is being fished per year). There is no specific information on 
the intensity of the pressure that can be directly used. Still, it can be assumed that a higher 
frequency also results in a higher overall magnitude of pressure. Thus, the SAR is directly used as 
representing the magnitude of pressure in the CumI assessment. The value taken in the 
assessment process is the arithmetic mean of all yearly values within the time span of 2011–2016. 

Five SAR classes were originally used by ICES, arbitrarily chosen based on the range and frequency 
of the pressure within the grid cells of the maps used (ICES WKFBI 2016). This scale was taken as 
the starting point for the CumI assessment but transformed to four classes. An SAR of 1 for a high 
magnitude of pressure on the ICES scale corresponds to a moderate SAR on the CumI scale since 
high is already the highest category on the CumI scale while it is the second highest on the ICES 
scale corresponding to an intermediate pressure level. This corresponds to observations from the 
North Sea where one fishing event per year already has a significant effect on benthic 
communities (Schroeder et al. 2008). An SAR of 2 is consequently the border to the highest class 
on the CumI scale and represents a value lying between the one from the ICES scale and the BH3 
scale. The range below 2 is evenly divided between the three classes very low, low and moderate. 
Values below 0.05 are ignored (treated as no pressure, i.e. with an SAR of 0) as is the case for the 
ICES scale (see advice from ICES WKFBI report 2016). Such low values have a high risk of including 
cells where vessel activity has been misclassified as fishing. All values above or equal to 2 are 
assigned to the high class: 

• very low = [0.05 – 0.33) 
• low = [0.33 – 0.66) 
• moderate = [0.66 – 2.00) 
• high = [2.00 – max. value] 

The square brackets mean that the class boundary value is included in the corresponding class 
(true for all lower boundaries), the parentheses (round brackets) mean that the class boundary 
value is not included in the corresponding class. 

The ICES fishery data are pre-processed before the mean SAR values are calculated in order to 
map these onto a smaller grid better matching the size of the individual biotope types in the 
biotope map: the original fishery data (spatial c-square resolution) are transferred to the HELCOM 
1 x 1 km grid (from MADS) by determining the weighted sum of SAR area that falls into each grid 
cell of the 1 x 1 km grid. This results in different SAR values only for those 1 x 1 km grid cells that 
overlap multiple c-squares and produces SAR values which are spatially averaged between the 
involved c-squares. 
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4.9.2 Mariculture 
Data on mariculture is divided into finfish and shellfish mariculture, which can be retrieved from 
HELCOM Map and Data Service in separate data layers as point and polygon (area) data. For point 
data a precautionary buffer radius of 150 m is used in the HELCOM assessment to classify the 
affected area beneath the mariculture installation as (functional) loss due to sedimentation and 
the resulting changes of the seabed substrate. The actual magnitude of this effect will depend on 
the type of the mariculture installation, technical features and also hydrological conditions in the 
different locations. It can be adapted accordingly when more specific data are available. For both 
mariculture types a set of buffers up to 1 km is used in the HELCOM assessment to classify physical 
disturbance for point data, beginning beyond the zone of loss and having decreasing intensities, to 
take into account disturbance in the surrounding of operational mariculture installations. 

Currently, production quantities or different nutrient loads of mariculture installations are not 
considered to estimate the pressure intensity in more detail. Frequency is typically not defined for 
mariculture installations. It is assumed that a mariculture is in place and operating permanently as 
no other information on active or inactive phases are available. Thus, the pressure intensity is 
directly used for the final magnitude of pressure, as is also done for other marine constructions. 

4.9.3 Extraction and disposal of sediments 

4.9.3.1 Sand and gravel extraction 
Data on extraction of sand and gravel was taken as polygon data from the HELCOM Map and Data 
Service. Based on the HELCOM BSII approach the entire extraction area is currently considered as 
loss, although in many cases only parts of the licensed area were actually extracted, leading to a 
potential overestimation of the impact. Furthermore, the impact depends on the extraction 
technique used (dredging method, required grain size). This can influence the extent and intensity 
of disturbance beside area specific conditions with different natural dynamics. Leaving residual 
sediment may, for instance, favor re-colonisation after extraction. New concepts with longer 
periods between activities and other precautionary measures should be considered in the 
assessment to reflect reduced impacts. A total buffer radius of 500 m with decreasing intensity 
zones is used in the HELCOM assessment to consider physical disturbance beyond the lost area 
(see Appendix F for details). If the exact extraction areas are known, no buffer is used for the 
entire polygon unless the extraction areas are directly located at the marginal zone of the polygon. 
Detailed national data on extraction techniques used, timing of activities and extracted amounts 
should be used to refine the pressure intensities, zone sizes and the impact assessment. In 
summary, pressure intensity is currently used directly for the magnitude of pressure as frequency 
data are not available. 

4.9.3.2 Dredging and disposal 
The data for this pressure layer was taken from the HELCOM Map and Data Service. The data 
include point, line, and polygon data. In addition, further information from national sources may 
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be added. The point and line data were converted into polygons (see Appendix F). An example of 
buffered dredging points is shown in Figure 8. 

In terms of intensity, the amount of sediment dredged or disposed is serving as the measure of 
intensity. Typically, it is unknown in which time span this material is being extracted or brought 
into the marine environment. It is thus assumed that the whole material is being mobilized within 
a short time and a rough estimate of the height of disposed sediment or the spill from extracted 
sediment can be made dividing the amount by the area of the polygon in which the pressure is 
acting. This also assumes an average pressure intensity across the whole polygon area. If no data is 
available on the amount of material, an average level of low or moderate intensity should be 
assumed. 

Typically, no information is available on the frequency of these pressure events. Thus, in addition 
to the pressure intensity, for active disposal sites, a frequency of at least regular is used and 
depending on the circumstances for dredging, the frequency will typically be occasional. If no 
information for the sites is present at all, a precautionary magnitude of pressure of moderate is 
used. 

4.9.4 Pipelines and cables 
Data on pipelines and cables were taken from the HELCOM Map and Data Service. The data 
provide the geographical location line data.  

The intensity of this pressure is determined from the status of the structure (under construction or 
in operation). The buffer distances used for construction phases of pipelines and cables are the 
same as for wind farms (see section 4.9.5). The buffer distances should be further refined in the 
future for the various constructions according to the different methods and techniques used. In 
general, buffer distances can be adapted, if necessary, based on regional characteristics, national 
investigations or other new findings.   

For this type of marine structure, frequency is typically not defined. The same is true for the 
following pressures (platforms and wind farms, coastal protection). Either a marine construction is 
not in place, or it is in place permanently. Thus, the pressure intensity is directly used for the final 
magnitude of pressure. 

4.9.5 Platforms and wind farms 
Data on platforms and wind farms have been taken from the HELCOM Data and Maps Service. The 
data do not reveal which kind of fundament the turbines and platforms have. Thus, it cannot be 
determined whether or not to treat the footprint area as loss. Currently, the footprint of platforms 
is not treated as loss since platforms typically only have pylons and not the entire area of the 
platform is equivalent to lost habitat area. Turbine fundaments are, however, treated as loss. 

Further, as not explicitly stated in the metadata, the platforms are assumed to be "in operation". 
The status of the wind turbines also is not always explicit in the data. Some turbines are listed as 
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'Under construction' and some as 'Generating power'. The latter status is interpreted as 'in 
operation'. Turbines with status 'Transformer' are not strictly turbines but transformer station. As 
there are only three of them in the dataset, they are also interpreted as being 'in operation' and 
treated as regular turbines. It can be considered to treat them differently in the future. According 
to ICES WKBEDLOSS, a radius of 15 m could be used for "offshore transformer stations or 
modules" (OTS/OTM). 

The individual locations of wind turbines including single buffers around these points have been 
used in the assessment. Depending on the status of the wind farms different buffers are applied. 
For wind farms in operation a buffer radius of 30 m is used to indicate the area of loss which 
includes the area of scour protection around the turbine construction (see Appendix F for details). 
This is pre-cautionary as the data do not include information on the presence of a scour 
protection. In case of available information on technical details of the construction type (e.g. 
jacket foundation or monopile) or if no scour protection is present, the buffer distance should be 
adapted or reduced in order to fit the pressure range and intensity as accurate as possible. To 
consider the effects of wind farms during operation in the surrounding, a buffer radius of 100 m 
with decreasing disturbance intensities starting beyond the area of loss is used in addition. For 
wind farms under construction the impacted area will be larger, and a buffer radius of 1 km is used 
with decreasing intensities of physical disturbance (see Appendix F). 

4.9.6 Coastal protection 
Data on coastal protection have been taken from the HELCOM Data and Maps Service. The data 
have a metadata attribute called 'Estimated' containing some years from the assessment period. It 
is not clear whether this means the objects were constructed earlier and finalised in the 
assessment period. Thus, only the objects having 'Const_year="Under construction"' are currently 
used in the assessment. The data on harbours do not contains information on the year of 
establishment. All harbours are thus treated equally. 

4.9.7 Shipping 
Data on shipping have been taken from the HELCOM Data and Maps Service. The assessment 
currently uses the two HELCOM data layers “Shipping density 2011–2015” (AIS density). The 
pressure data do not carry information on the frequency of the pressure, so it only represents the 
intensity which subsequently will be treated as the magnitude of pressure. 

The processing and evaluation of the data was done in a way as closely as possible reflecting the 
assessment scheme used in the BSII. 

Since the data used are raster data, the first step was to convert the raster data into vector data 
(polygons in GIS). Each grid cell of the 1x1 km raster is thus treated as one individual polygon. The 
polygons were then classified according to the water depth. For this, the average depth within the 
polygon was taken from the HELCOM layer “depth relief map”. Four depth zones were defined, 
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representing the decreasing amount of influence shipping can have on the sea floor with 
increasing water depth: 

• depth zone 1: average water depth > 0 m and ≤ 10 m (100 % intensity) 
• depth zone 2: average water depth > 10 m and ≤ 15 m (50 % intensity) 
• depth zone 3: average water depth > 15 m and ≤ 20 m (25 % intensity) 
• depth zone 2: average water depth > 20 m and ≤ 25 m (10 % intensity) 

Below a water depth of 25 m, no pressure on the sea floor from shipping is recognized. As the 
shipping density is proportional to the intensity of the pressure, each depth zone is assigned to a 
factor reducing this intensity to reflect the given water depth. 

There is no direct link from the shipping density/intensity to the actual scale of the magnitude of 
pressure. Thus, the scaling of the resulting, depth-corrected intensities was done such that the 
highest value found in the data set would correspond to a high magnitude of pressure. This can be 
done and justified as the data set includes some of the most frequently used shipping lanes in 
shallow waters, e.g. the entry to the Kiel canal in Germany (water depth of approx. 10 m a very 
high shipping density also with larger ships) or the harbor of Rødby in Denmark (ferry traffic at up 
to approx. 4 m water depth with approx. 4 ferries an hour all year round). The effects of this 
shipping activities on the sea floor as assumed to be of a high magnitude. The four categories of 
the magnitude of pressure (very low, low, moderate, high) are then equally distributed across the 
range of possible depth-corrected intensities. 

A more differentiated distribution of the class boundaries is possible but was not done here 
because there are no data supporting a scale that deviates from the linear approach (e.g. a 
logarithmic or exponential distribution of the class widths). 
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5 Relevance of the Indicator 

5.1 Biodiversity assessment 

Within the holistic assessment of HELCOM (HOLAS), the status of biodiversity is assessed using 
several core indicators. Each indicator focuses on one important aspect of this abstract and 
complex entity. In addition to providing an indicator-based evaluation of the cumulative impact on 
benthic biotopes from physical pressures, CumI can also contributes to the overall biodiversity 
assessment along with the other biodiversity core indicators. The CumI assessment gives an 
indication of the magnitude of physical pressures on the biotopes and thus on the biota. It 
expresses this magnitude of pressure in terms of the risk of an environmental state change. A high 
risk level thus indicates a threat to biodiversity and may even indicate that biodiversity already has 
decreased due to the presence of certain physical pressures. The specific method of integrating 
and using the CumI in the HOLAS biodiversity assessment needs to be developed in the 
biodiversity assessment itself and is not a topic of this indicator report. 

5.2 Policy relevance 

The indicator addresses the BSPA segment “Natural Marine Landscapes” and also targets MSFD 
descriptor D6 (Seafloor integrity). It is aiming at quantifying the effects of human activities causing 
physical disturbance on the seafloor. 

In terms of the HELCOM BSAP, the indicator targets the ecological objective “Natural Marine 
Landscapes” (HELCOM 2012, Korpinen et al. 2013) in accordance with the Convention on 
Biological Diversity (CBD). This is also the foundation of the other two ecological objectives in the 
BSAP: “thriving and balanced communities of plants and animals” as well as ”viable populations of 
species”. The term “Marine Landscapes” in this context refers to the HELCOM interpretation of the 
original term “seascape”. It also includes biotic components (see HELCOM BALANCE project). It is 
thus a spatially broader view on biotopes in the sense that many different biotopes in their 
entirety for a “Marine Landscape”. The CumI thus contributes to an assessment of the degree to 
which these landscapes are still in a “natural” state. 

The CumI can specifically be mapped to MSFD criterion D6C3 (Spatial extent of each habitat type 
which is adversely affected […] by physical disturbance causing change in its biotic and abiotic 
structure and its functions, e.g. through changes in species composition and their relative 
abundance, absence of particularly sensitive or fragile species or species providing a key function, 
size structure of species). For this, data are collected and assessed providing all the necessary 
information on the spatial extent and distribution of physical loss in terms of permanent change 
(D6C1) and disturbance (D6C2). In other words, these MSFD criteria are covered by the CumI as it 
cannot operate without this information. These pressure data are subsequently applied to a 
geographic map of benthic biotopes resulting in maps representing the potential impact of 
physical pressures on the individual biotopes. 
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Besides the assessment of “Natural Marine Landscapes” and D6C3 and as the primary outcome, 
the indicator also provides the areas that are considered as direct physical loss5 or functional loss 
because of the cumulation of various physical pressures acting on the same area simultaneously. 
The CumI handles both types of loss in order to identify them and subsequently excluding them 
from the CumI assessment. As the CumI assessment is targeting disturbance, not loss, these areas 
are not considered when calculating the level of disturbance. Thus, although functional loss is a 
consequence of cumulative impact as derived in the CumI assessment, it is not used in the end 
result of the CumI assessment procedure. Both types of loss are, however, available as separate 
GIS layers for use in other assessments. As loss is one of the main parts of the information needed 
to assess MSFD criterion D6C4 (extent of loss of the habitat type, resulting from anthropogenic 
pressures including other, non-physical anthropogenic pressures), the CumI assessment can thus 
provide a contribution to support D6C4 assessment (besides other non-physical anthropogenic 
pressures causing habitat loss, such as oxygen deficiency). 

The same applies to MSDF criterion D6C5. The information on physical disturbance which is 
provided by the CumI can used to assist the assessment of the extent of adverse effects from 
anthropogenic pressures on the condition of the habitat type, as done by D6C5. 

5.3 Role of physical disturbance on benthic biotopes in the ecosystem 

In the Baltic Sea, the sediment seafloor habitats provide the major part of the substrate to settle 
on for organisms not having their complete lifecycle in the water column (holoplankton). This 
includes all meroplanktic lifeforms and all pure benthic organisms. Since the meroplanktic species 
comprise the major part of the organisms inhabiting the benthic biotopes, there is a tight 
functional coupling of the benthic and planktonic environment. Many species within the higher 
trophic levels of the marine food web depend on benthic organisms as a food source, either 
directly (benthic feeding) or indirectly by feeding on the planktonic stages of benthic organisms. 
Benthic biotopes also provide living space enabling organisms to find shelter. In addition, the 
benthic environment is the only marine ecosystem that has habitat-forming species which can 
themselves form biogenic benthic habitats, at the same time being part of the resulting biotopes. 

5.4 Human pressures linked to the indicator 

 General MSFD Annex III, Table 2 

Strong link Physical disturbance of the seafloor (e.g. dredging and 
depositing of dredged material and fishing activities) 

Physical 

• Physical disturbance (temporary or 
reversible)  

• Physical loss (due to permanent change of 
seabed substrate or morphology and to 
extraction of seabed substrate)  

 

5 Physical loss is defined at pressure level and its definition is part of the ongoing work in the EU technical group TG Seabed. 
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• due to uses and human activities 

• Physical restructuring (dredging and 
depositing of material) 

• Production of energy incl. infrastructure 

• Extraction of non-living resources 

• Transport 

 

Biological 

• Extraction of, or mortality/injury to, wild 
species (by commercial and recreational 
fishing and other activities) 

Weak link 
  

 

HELCOM completed a Red List assessment for Baltic Sea benthic biotopes, habitats and biotope 
complexes in 2013. For those benthic biotopes that had experienced, or were expected to 
experience in the future, a decline high enough to warrant a listing in the threat categories, were 
further considered to identify the major cause of decline. The threats were categorized and the 
main threat categories causing physical disturbance to benthic biotopes were ‘Fishing’, 
‘Construction’ and ‘Mining and quarrying’, additional ones that may cause physical damage 
included ‘Tourism’, ‘Water traffic’ and ‘Ditching’ (HELCOM 2013a)’. 

In the HOLAS II update 2018 of the ’State of the Baltic Sea’ report the top human activities causing 
cumulative impacts on benthic habitats were bottom trawling, shipping, recreational boating and 
sediment dispersal caused by various construction and dredging activities and deposit of dredged 
sediment (HELCOM 2018E). Based on the data available for the assessment of the HOLAS II 
update, less than 1 % of the Baltic Sea seabed is potentially lost due to human activities while 
roughly 40 % of the seabed area was potentially disturbed during the assessment period from 
2011–2016 (HELCOM, 2018E). However, the estimation does not reflect whether these areas are 
associated with adverse effects to the benthic biotopes, since the intensity of disturbance is 
unknown in the BSII assessment. 

This HELCOM Cumulative impact on benthic biotopes indicator is structured around the main uses 
and human activities known to have impacted benthic biotopes severely through physical 
disturbance on a larger than local scale (ideally impacting on a sub-regional to WFD water body 
scale). The “Themes” according to Table 2 Annex III in 2017/845/EU can be regarded as sectors (or 
drivers) of human activities. Following the DAPSI(W)R(M) framework (Elliott et al. 2017) the 
drivers (D) lead to actual human activities (A). These have been identified and are connected to 
the use categories. From these, the major physical pressures (P) were identified that will 
subsequently emerge. Every pressure is assigned to apply to either the habitat or biotope level (or 
both). These will cumulatively be responsible for major parts of the impacts on benthic biotopes 
on the regional scale. Table 6 summarizes the relationships of use categories, human activities 
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(called “pressure” in the CumI assessment and in this document) and the subsequent primary 
pressures affecting the marine environment. 

Table 6 Primary pressures considered in the indicator and their relation to human activities and target components. 

Use category Human activity Primary pressures Target components 

Physical restructuring of rivers, 
coastline or seabed 

Restructuring of seabed 
morphology incl. dredging and 
disposal of dredged matter 

Suspended sediments Habitat & biotope 

Sedimentation, smothering Habitat & biotope 

Coastal defence and flood 
protection structures 

Habitat loss, additional 
disturbance pressures during 
construction 

Habitat & biotope 

Production of energy 
Renewable energy generation 
including infrastructure  

Habitat loss, additional 
disturbance pressures during 
construction 

Habitat & biotope 

Transmission of electricity and 
communication (cables) 

Habitat loss, additional 
disturbance pressures during 
construction 

Habitat & biotope 

Transport 
Transport infrastructure 

Habitat loss, additional 
disturbance pressures during 
construction 

Habitat & biotope 

Shipping 
Abrasion Habitat & biotope 

Suspended sediments Habitat & biotope 

Extraction of non-living resources 
Extraction of minerals 

Habitat loss/disturbance Habitat & biotope 

Siltation Habitat & biotope 

Extraction of living resources  Fish and shellfish harvesting 
(professional, recreational) 

Abrasion Habitat & biotope 

Extraction of organisms Biotope 

 

Other pressures not mentioned in Table 6 but important on a more local scale are here called 
secondary pressures. These come from various human activities and can be used in addition to the 
primary pressures if they are of importance in a specific spatial assessment unit. As an example, 
tourism and leisure activities and infrastructure and their subsequent pressures can be regarded 
as secondary pressures, since they are local and therefore will typically not contribute significantly 
to the impact on the larger subbasin scale while they still might be important on a WFD water 
body scale or related to coastal habitats. This report only deals in detail with the primary 
pressures. The handling of secondary pressure, however, should follow the same principles as 
outlined here for the primary ones and they can be easily added in the calculation procedure. 
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6 Monitoring Requirements 

6.1 Monitoring methodology 

In general, it is not expected that specific monitoring will be needed for the indicator as such. The 
data for the assessment come from other existing monitoring or reporting activities collecting data 
on the extent of physical pressures (e.g. EIAs). 

The evaluation relies on data gathered from existing sources, e.g. VMS data, shipping traffic data 
and data giving details on other human activities such as footprint from constructions, coastal 
erosion defence structures, cables and pipelines, wind farms etc. The data quality could be 
improved without further monitoring. Existing detailed information should be used for data 
refinement instead of summarized and aggregated data, e.g. a quarterly resolution of fishing 
intensity data in addition to yearly data. The same applies to data concerning dredging and 
disposal activities, which could be specified in terms of amounts, sediment material/particle size 
and more precise times/intervals of activity. 

Monitoring related to the benthic biotopes is described on a general level in the HELCOM 
Monitoring Manual under the programme topic Seabed habitat distribution and extent6. 

6.2 Current monitoring 

All HELCOM Contracting Parties have carried out some mapping activities of relevance for 
compiling a benthic biotope map needed for the indicator. Monitoring of dredging and disposal of 
dredged material is also carried out in all Contracting Parties. VMS reporting is currently done by 
all Contracting Parties through ICES. 

6.3 Description of optimal monitoring 

Optimal monitoring resulting in optimal spatial information relevant for the indicator is mainly 
connected to the requirements for spatial and temporal resolution in the information. The lack of 
benthic biotope monitoring activities specifically designed to follow the trends in spatial 
distribution and pattern is a clear issue where improved monitoring activities would improve the 
evaluations provided by the indicator. 

 

6 https://helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/ 
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7 Data and Updating 

7.1 Access and use 

The data and resulting data products (tables, figures and maps) available on the HELCOM indicator 
web pages can be used freely given that the source is cited. The indicator should be cited as 
following:  

HELCOM (2021) Cumulative impact on benthic biotopes. HELCOM indicator report. Online. [Date 
Viewed], [Web link].  

ISSN xxxx-xxxx  

The CumI indicator can be calculated using typical GIS software. An implementation of the CumI as 
described in this report is available via GitHub as an Rmarkdown and PDF document which 
includes not only the R code but also a documentation of the code and data processing: 

https://github.com/torstenberg/CumI 

It is also stored on the HELCOM web portal workspace of the EN BENTHIC network. 

7.2 Metadata 

Most of the data to be used in the indicator come directly from the HELCOM Maps & Data Service 
(MADS) at https://maps.helcom.fi/website/mapservice. The site also includes the metadata for 
the datasets. Other metadata are describes in this report and in the documentation of the R 
implementation (see previous secion). 

7.3 Arrangements for updating the indicator 

Updating of the indicator will require different efforts for the separate spatial information layers 
included. It is foreseen that the benthic biotope map forming an important basis of the indicator 
will be updated by autumn 2021. Updates of the pressure layers are expected in 2021 and 2022 as 
a preparatory step in the HOLAS III assessment cycle. The R script with the CumI implementation 
will continuously be updated to reflect these changes and the indicator will be refined and 
enhanced as possible. 

7.4 Future developments 

7.4.1 Bottom trawling fishery 
To assess the magnitude of trawling pressure, CumI uses/applies surface SAR which summarizes 
surface abrasion caused by all trawling activities within a defined space and time. To date, more 
detailed information on trawling gear types or métiers is not available for the CumI assessment. 
However, different trawling activities penetrate the seabed substrate to different extents and 
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there is growing evidence that depletion of benthic fauna correlates with penetration depth 
(Hiddink et al. 2017). Consequently, penetration depth of the trawling gear types/métiers needs to 
be taken into account to assess the magnitude of pressure caused by physical disturbance through 
mobile fishing gears (Eigaard et al. 2016, ICES 2016, Rijnsdorp et al. 2020). 

In order to reduce pressure and impact on the seabed caused by bottom trawling, an ICES advice 
exploring management scenarios for the EU was recently released (ICES 2021). The following 
management options are not (fully) captured in the CumI. Explanations are given below along with 
suggestions for future improvements:  

1) Gear modification in terms of reduced penetration depth, resulting in lower catch rate 

Penetration depth is not part of the SAR value and data on gear types or métiers are not 
available. Since penetration depth cannot be reflected in the current assessment, this 
management option would have no effect on the CumI. The issue on penetration depth 
dependent depletion was discussed in the past and is hopefully part of the future 
development. In line with this thought, ICES (2019b) suggested an alternative to present 
abrasion pressure that takes account of both, the footprint (SAR) of the trawl pass and the 
depletion of the gear used, by summing up the product of SAR and for all different gear types 
used. This product would directly correlate with the magnitude of abrasion pressure by 
bottom contacting fisheries.  

2) The removal of fishing effort by particular individual métiers (métier prohibition). 

In the Baltic south of Åland/Gotland bottom contacting fisheries is the dominating pressure. In 
this area the removal of an individual fishing métier will have an effect on the CumI (via a 
reduced SAR value), if a) the métier is the only one used in the trawled area and b) the 
prohibited métier is not replaced by another métier. The magnitude of the effect directly 
correlates with the size of the affected area within a single BHT. However, if fishing activities in 
a c-square consist of multiple métiers, the effect size caused by an individual métier 
prohibition will be lower. This management option can be detected by the CumI through a 
reduced SAR value. CumI’s sensitivity (to this management option) can be improved by more 
detailed spatial and temporal information regarding applied métiers as suggested under 1).  

7.4.2 Consideration of oxygen depletion 
Biotopes that are frequently, but not permanently affected by oxygen depletion, have a higher 
sensitivity against further deterioration. These biotopes already are under a certain physiological 
stress and may even have been impacted already. In order to account for this, it must be known 
where the areas of temporary oxygen depletion are located. Within the HELCOM 2011–2016 
assessment (HOLAS II 2018 version), a data layer is available on the oxygen status that is suitable 
for this purpose (published through the HELCOM Map and Data Service).  
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As a first approximation, the area being regarded as sub-GES in terms of oxygen status could be 
used to decrease the underlying biotopes’ resistance by one class, if it is not already classified as 
high. In a more differentiated approach, actual oxygen concentrations and the duration of phases 
with oxygen depletion could be used. Areas where the biotopes’ resistance is decreased could 
then be identified as the areas having oxygen concentrations in the bottom water layer of less 
than 2 mg/l more than once per year (the exact amount would need to be specified). Spatial 
modelling of oxygen concentrations would even allow to use a specific number of days with 
concentrations less than 2 mg/l. 

It is important to note that areas with permanent hypoxia (or having a duration of several years) 
are not considered here. These biotopes will already have reacted to the oxygen situation in a way 
that has altered or even removed the original biotopes. In parts of the biotopes, oxygen depletion 
may even be the natural environmental characteristic. Changing the sensitivity of these biotopes 
will thus not reflect the already altered state. 

7.4.3 Other developments 
Other enhancements that can be made on the CumI are also described in the documentation of 
the CumI R code. 
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9 Appendix 

9.1 Appendix A – Results of subbasin assessment for physical disturbance 

Assessment results of the Cumulative impact on benthic biotopes for Baltic Sea subbasins in 
alphabetical order (without loss). The graphs show the percentage of the individual HELCOM 
habitat types potentially disturbed and the corresponding disturbance category (m1, m2 and m3 
are three different grades of moderate disturbance, the category “none” represents both the 
unaffected area and the area not assessed due to lack of data): 

 

 

0%

20%

40%

60%

80%

100%

ha
rd

 su
bs

tr
at

e

m
ixe

d 
su

bs
tra

te

sa
nd

m
ud

ha
rd

 su
bs

tr
at

e

m
ixe

d 
su

bs
tra

te

sa
nd

m
ud

Infralittoral                                                                            Circalittoral

Åland Sea

high
m3

m2
m1

low
very low

none



Cumulative impact on benthic biotopes 

 

 
Page 57 of 121 

 

 

 

 

 



Cumulative impact on benthic biotopes 

 

 
Page 58 of 121 

 

 

 

 



Cumulative impact on benthic biotopes 

 

 
Page 59 of 121 

 

 

 

 



Cumulative impact on benthic biotopes 

 

 
Page 60 of 121 

 

 

 

 



Cumulative impact on benthic biotopes 

 

 
Page 61 of 121 

 

 

 

 



Cumulative impact on benthic biotopes 

 

 
Page 62 of 121 

 

 

 

 



Cumulative impact on benthic biotopes 

 

 
Page 63 of 121 

 

 

 

 



Cumulative impact on benthic biotopes 

 

 
Page 64 of 121 

 

 

 

 

  



Cumulative impact on benthic biotopes 

 

 
Page 65 of 121 

 

9.2 Appendix C – Comparison of CumI with HELCOM BSII 

The CumI indicator is an advancement of the Baltic Sea Impact Index (BSII). As the CumI is 
supposed to replace the BSII in the next HELCOM holistic assessment (HOLAS III), it is valuable to 
compare the outcome of both indicators when they are calculated on the exact same data base 
and with the same framework conditions. 

This section presents such a comparison. For this purpose, the CumI used the buffer distances as 
described in Appendix F and the recalculated fishing pressure on the 1 x 1 km grid. However, the 
biotope sensitivity was taken from the original HOLAS II thematic assessment (HELCOM 2018E) 
and is used for all pressures. There is no pressure-specific sensitivity in this case. Further, only the 
subsurface abrasion was used in the assessment in agreement with the BSII assessment. 

The resulting maps show a general agreement in the two assessments (first map = original BSII, 
taken from MADS; second map = CumI with BSII framework conditions). The major impacts are 
concentrated in the southern part of the Baltic Sea. The potential impacts have a low magnitude 
according to the CumI in most parts of the affected area. As the two assessment scales do not 
have the same scaling (continuous values in BSII, categories in CumI), the absolute values cannot 
be directly compared. It seems that the impact in the Kattegat area is much higher in the CumI 
assessment compared to the BSII assessment. The same seems to be the case for impacts along 
the coast of the northern Baltic Sea (caused by shipping), where the CumI assessment shows low 
impacts whereas the BSII assessment seems to result in very low values or even no impact. 
Nonetheless, the relative differences of the impacts are similar. Sites with e.g. wind farms, cables 
or shipping lanes have more predicted impact in both assessments compared to the surrounding 
areas which typically are only affected by bottom trawling fishery and shipping. 
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White areas mean “no impact” 
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9.3 Appendix D – Case study in German waters 

A test case has been carried out in the German Baltic Sea region in 2020 based on national data 
and data from the HELCOM Map and Data Service to test the assessment procedure of the 
indicator. 

Instead of using the default maps and settings described in the main text of the indicator report, 
custom data have been used where available and when having more detailed information than 
from the HELCOM data. 

9.3.1 Biotope map 
A detailed map of the soft bottoms of the German Baltic Sea was used (see below). This map is 
based on the soft bottom biotope map of Schiele et al. (2015), reflecting HELCOM HUB level 5/6. 
Since the biotic information for the map was only derived from bottom benthic fauna (i.e. infauna 
communities), supplemental information on benthic macrophytes was added. For this, data from 
HELCOM Maps and Data Service were used, showing the general distribution of Chara, Fucus, 
Furcellaria and Zostera on a 1 x 1 km grid. In all these grid cells where these macrophytes are 
present the biotope sensitivity was set to high due to the general fragility of the plants towards 
physical disturbance. These species are only distributed near the coast and in the infralittoral 
zone. In deeper waters, the sensitivity is still the one corresponding to the infauna communities. 
Note, that the map does not cover the complete German marine area. Some fjords, such as the 
Eckernförde and Kiel fjords are missing and also the inner marine waters in Mecklenburg-
Vorpommern are not included in the biotope map. Further, the map does not include hard 
substrate as the samples from which the map was produced did not cover data from hard 
substrates. 

 

 

Biotope map (68 biotopes) of the German Baltic Sea (HELCOM HUB level 5/6) for softbottom/infauna (Schiele et al., 2015). 
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The biotope codes used in the following text are taken from the publication of Schiele et al. 
(2015). They use the nomenclature of the HELCOM HUB classification system (HELCOM 2013b) 
and are explained in detail in the table below. The biotopes are divided into “AA” and “AB” which 
are photic (infralittoral) and aphotic (circalittoral) biotopes. The main (abiotic) habitat classes 
within these two categories (code behind the dot) are: 

• B hard clay 
• G peat 
• H muddy sediment 
• I coarse sediment 
• J sand 
• M mixed substrate 

 

List of benthic biotopes of the German Baltic Sea for softbottom/infauna (Table 4 from Schiele et 
al. 2015). The 68 biotopes are shown here in a condensed form where otherwise identical 
biotopes in the photic and aphotic zone are treated as one. 
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9.3.2 Biotope sensitivities 
Based on the detailed biotope map, pressure-specific sensitivities were estimated according to the 
procedure described in the methodology of the main report. The different sensitivities for surface 
and subsurface abrasion/penetration (for bottom trawling fishery) were mainly derived from the 
ICES WKFBI habitat compilation (ICES 2016) in Appendix H (see map below). For the inclusion of 
bottom salinity, the modelled salinity distribution in the German Baltic Sea area has been used to 
determine oligo-, meso- or polyhaline conditions since the ICES estimates of abrasion/penetration 
sensitivities are salinity-specific. The modelled data was kindly provided by the Institute of Baltic 
Sea Research and was also used to support the compilation of the biotope map from Schiele et al. 
(2015). The sensitivity estimates which were used for all other pressures besides bottom trawling 
fishery were mainly based on characteristic single species or species groups of the different HUB 

(AA.B/AB.B), peat bottoms (AA.G/AB.G), muddy sediments
(AA.H/AB.H), coarse sediment (AA.I/AB.I), sand (AA.J/AB.J) and
mixed substrates (AA.M/AB.M), (AA.M⁄/AB.M⁄) occur in the area.
The German Baltic Sea is dominated by soft substrates (H,I, J)
which add up to 90% of the area. For biological levels, endobenthos
(86%) dominates over epibenthos (14%) (level 4), and infaunal
bivalves (89%) dominate over infaunal polychaetes (<1%), epiben-
thic bivalves (7%) and algae (4%) (level 5). Mytilidae (8%), M. balth-
ica (23%), A. islandica (20%), M. arenaria (2%), A. borealis (1%),
multiple bivalves including C. glaucum, M. balthica, M. arenaria
(42%), multiple bivalves including A. borealis, A. elliptica and rare
bivalves (2%) and multiple polychaetes including Ophelia spp. and
T. forbesii (2%) were identified as dominating taxa on HUB level 6
(Table 5).

Table 4
HUB biotopes (level 3–level 6) identified in the German Baltic Sea; p = predominant biotope (MSFD), R = Red-listed biotope (HELCOM), s = special biotope (MSFD, national
protection), r = rare biotope.

No. HUB code Relevance HUB biotope Area
(km2)

Area
(%)

1 AA/AB.J3L9 p Photic/aphotic sand dominated by multiple infaunal bivalve species including C. glaucum/M. balthica/M. arenaria 4227.0 31.2
2 AB.H3L1 p Aphotic muddy sediment dominated by Macoma balthica 1643.5 12.1
3 AA/

AB.H3L3
p, R Photic/aphotic muddy sediment dominated by Arctica islandica 1299.0 9.6

4 AA/AB.J3L3 p, R Photic/aphotic sand dominated by Arctica islandica 855.6 6.3
5 AA/AB.J3L1 Photic/aphotic sand dominated by Macoma balthica 798.6 5.9
6 AA/AB.J3L Photic/aphotic sand dominated by infaunal bivalves 779.6 5.8
7 AA/AB.H3L Photic/aphotic muddy sediment dominated by infaunal bivalves 764.8 5.6
8 AA.M1C/S Photic mixed substrate dominated by algae 541.6 4.0
9 AA/AB.J1E1 Photic/aphotic sand dominated by unattached Mytilidae 313.3 2.3

10 AA/AB.J3 Photic/aphotic sand dominated by infauna 261.0 1.9
11 AA/AB.M⁄1 Photic/aphotic mixed substrate dominated by epibenthic community 239.7 1.8
12 AA/

AB.M⁄1E1
Photic/aphotic mixed substrate dominated by Mytilidae 214.7 1.6

13 AA/
AB.J3L11

s Photic/aphotic sand dominated by multiple infaunal polychaete species including Ophelia spp. and Travisia
forbesii

186.2 1.4

14 AA/
AB.M1E1

Photic/aphotic mixed substrate dominated by Mytilidae 173.9 1.3

15 AB.M1 Aphotic mixed substrate dominated by epibenthic community 172.5 1.3
16 AA/

AB.J3L10
r Photic/aphotic sand dominated by multiple infaunal bivalve species including A. borealis, A. elliptica and rare

bivalves
167.7 1.2

17 AA/AB.J3L4 Photic/aphotic sand dominated by Mya arenaria 161.4 1.2
18 AA/AB.I1E1 Photic/aphotic coarse sediment dominated by Mytilidae 154.6 1.1
19 AA/

AB.H3L9
Photic/aphotic muddy sediment dominated by multiple infaunal bivalve species including C. glaucum/M.
balthica/M. arenaria

99.5 0.7

20 AA.J3L5 Photic sand dominated by Astarte borealis 95.8 0.7
21 AA/AB.I3L Photic/aphotic coarse sediment dominated by infaunal bivalves 91.6 0.7
22 AA/AB.I3L9 Photic/aphotic coarse sediment dominated by multiple infaunal bivalve species including C. glaucum/M. balthica/

M. arenaria
84.7 0.6

23 AA/
AB.I3L11

s Photic/aphotic coarse sediment dominated by multiple infaunal polychaete species including Ophelia spp. 43.9 0.3

24 AA/AB.H3 Photic/aphotic muddy sediment dominated by infauna 27.8 0.2
25 AA/

AB.I3L10
r Photic/aphotic coarse sediment dominated by multiple infaunal bivalve species including A. borealis, A. elliptica

and rare bivalves
22.3 0.2

26 AA/AB.I3 Photic/aphotic coarse sediment dominated by infauna 21.3 0.2
27 AA/

AB.H3L10
r Photic/aphotic muddy sediment dominated by multiple infaunal bivalve species including A. borealis, A. elliptica

and rare bivalves
15.4 0.1

28 AB.B1E1 Aphotic hard clay dominated by Mytilidae 13.7 0.1
29 AA.I3L5 Photic coarse sediment dominated by Astarte borealis 13.0 0.1
30 AA/AB.I3L3 Photic/aphotic coarse sediment dominated by Arctica islandica 11.9 0.1
31 AA/AB.I3L1 Photic/aphotic coarse sediment dominated by Macoma balthica 9.9 0.1
32 AA/AB.G Photic/aphotic peat bottoms 7.3 0.1
33 AA.J3M Photic sand dominated by infaunal polychaetes 6.8 0.1
34 AA.I3L4 Photic coarse sediment dominated by Mya arenaria 6.4 0.0
35 AA/AB.B1 Photic/aphotic hard clay dominated by epibenthic community 6.0 0.0
36 AA/

AB.H1E1
Photic/aphotic muddy sediment dominated by Mytilidae 4.7 0.0

37 AA.H3L5 Photic muddy sediment dominated by Astarte borealis 3.6 0.0
38 AA.H3M Photic muddy sediment dominated by infaunal polychaetes 1.3 0.0
39 AA.H3L4 Photic muddy sediment dominated by Mya arenaria 0.5 0.0
40 AA.I3M Photic coarse sediment dominated by infaunal polychaetes 0.4 0.0

Sum 13542.7 100.0

Table 5
Diversity of HUB habitat and biotope levels.

HUB level Level 3 (km2) Level 4
(km2)

Level 5 (km2) Level 6 (km2)

B 19.7 1 1834.6 C/S 541.6 E1 874.9
G 7.3 3 11700.7 E 874.9 L1 2452.1
H 3860.1 L 11382.1 L3 2166.5
I 459.9 M 8.5 L4 168.4
J 7853.2 L5 112.3
M 888.0 L9 4411.2
M⁄ 454.4 L10 205.5

L11 230.1

Sum area (km2) 13542.7 13535.3 12807.1 10620.9
Sum (%) 100% 99.9% 94.6% 78.4%

132 K.S. Schiele et al. / Marine Pollution Bulletin 96 (2015) 127–135
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level 5/6 biotopes and underlying evaluations from Schiele et al. (2016). Another source for 
sensitivity data were the MarLIN and MarESA projects (www.marlin.ac.uk). 

 

Pressure-specific sensitivities for bottom trawling fishery abrasion/penetration in the German Baltic Sea region. 

 

9.3.3 Pressure layers 
The pressure layers used for this case study are the same as the ones for the Baltic-wide HELCOM 
assessment. The only change included is the adaptation of the buffer distances for the pressures. 
These were taken from national guidelines and regulations, from experience with construction 
projects or from scientific literature. Only in cases where no additional (national) information was 
found, the default HELCOM values were used (see Appendix G for details). 

9.3.4 Results 
The resulting map (see below) for physical disturbance shows that 51 % of the total German area 
is potentially affected to a high degree, 9 / 3 / 9 % to a medium degree (m3 / m2 / m1, 
respectively) and 10 / 17 % to a low and very low degree, respectively. 1 % of the area is predicted 
to be undisturbed. The main potential impacts are caused by bottom trawling fishery besides 
dredging, disposal, extraction and constructions. In most cases, the areas of the Natura 2000 sites 
are predicted to have low and very low impacts. Exceptions are e.g. larger parts of the 
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“Fehmarnbelt” site and the whole “Walkyriengrund” site (the latter may be an artefact due to the 
low resolution of the fishery data; see below). 

 

 

Cumulative impact (disturbance only) considering surface and subsurface fishing impacts separately together with other pressures. 

 

Three of the 68 biotopes reach the GES criterion of 75 % or more of their area being without 
significant impact (i.e. within the classes low or m1 to m3; see graph below). These are AA.I3M: 
Photic coarse sediment dominated by infaunal polychaetes, AB.I3L9: Aphotic coarse sediment 
dominated by multiple infaunal bivalve species including C. glaucum/M. balthica/ M. arenaria and 
AB.J3L4: Aphotic sand dominated by Mya arenaria. Two further biotopes (AA.M*1E1: Photic sand 
dominated by multiple infaunal polychaete species including Ophelia spp. and Travisia forbesii and 
AA.I3L11: Photic coarse sediment dominated by multiple infaunal polychaete species including 
Ophelia spp.) are only minimally failing the threshold. 

10 % of the biotope area without impact is reached by three of the higher level biotopes (AA.H3: 
Photic muddy sediment, AA.I3: Photic coarse sediment, AA.J3: Photic sand). These are in GES 
according to both GES rules. 

High impact is predicted to dominate AA.B1: Photic hard clay with 100 % of the biotope area. 11 
other biotopes have high impact on at least 80 % of their area. In general, high impact dominates 
the major part of most biotopes, mainly due to bottom trawling fishery. This is in line with the 
general HELCOM assessment for the southern part of the Baltic Sea. 
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Percentage of potential cumulative impact (disturbance only) for the various biotopes in the German Baltic Sea. The 75 % criterion is drawn as a 
horizontal blue line. 

 

Comparing the result to the Baltic-wide HELCOM assessment (see main report text), the general 
pattern of impact distribution is the same with respect to the individual impact classes. Highest 
impact is found in deeper offshore waters (mainly due to bottom trawling). Coastal areas and 
protected areas show least impact. The high cumulative impact area is larger compared to the 
Baltic-wide HELCOM assessment. This is probably due to the higher sensitivity estimates of the 
biotopes according to the ICES sensitivity assessment (see Appendix H) in combination with 
sensitive individual species and communities based on the more differentiated biotope 
classification on HUB level 5/6 in contrast to the BHTs. 

The results of the test case show that the assessment procedure is applicable in general. Using a 
different biotope map, altered buffer distances and sensitivity information is easily done. The 
results in this case show a much more detailed map than in the Baltic-wide case. The visually 
seemingly similar spatial resolution compared to the HELCOM case is due to the predominant 
bottom trawling fishery which operates on a spatial scale that is not matching the fine resolution 
of the biotope map. 

As an example, the prediction of non-disturbed area (1 %) is most probably too low. The data for 
the pressures often does not have a fine enough spatial resolution (especially the data for bottom 
trawling fishery) so the disturbance percentage is overestimated.  Further refinements will also be 
beneficial in the pressure-specific sensitivity classification. This will improve the confidence of the 
resulting magnitude of pressure and impact assessment. 
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9.4 Appendix E – Case study in Swedish waters 

A case study has been carried out in Swedish waters in 2020 to test the indicator concept and its 
applicability under local conditions. Preliminary results have been presented during the online EN 
BENTHIC WS1-2020 Meeting in March 2020. The test evaluation has shown that the indicator 
concept was in principle applicable. However, a detailed description is not yet included in this 
report as data checks and verification of the assessment results are pending.  

Based on available data of several pressures in two Swedish coastal areas and sensitivity 
estimations from literature, assessment results in terms of good environmental status (GES) or 
not-GES status could be achieved with information on the area of sea floor (km2) not affected, low 
or adversely affected by physical pressures. In the investigated sites, eelgrass (Swedish west coast) 
and vascular plants (around the coast of Blekinge and northeast Scania) were taken into account. 
It was not possible to assign these areas to BHTs in all cases. Further, a separation of the different 
substrates was not done. Some adjustments to the assessment procedure were necessary as a 
combined pressure layer was used for this case study (Törnqvist et al., 2019). Thus, the matrix 
calculation with the CumI method was started at the level of impact calculation by intersecting the 
magnitude of pressures with the biotope sensitivities. The impact matrix was modified based on 
four pressure classes and two different sensitivity classes for eelgrass at the Swedish west coast. 
As GES threshold for the classification of the environmental status, the present proposal of less 
than 25 % significantly impacted biotope area (moderate or higher impacts) and 10 % permanently 
not impacted biotope area was used. The assessment was carried out at the level of individual 
WFD water bodies which were summed up for the total area for sand and soft substrate at the 
Swedish Skagerrak coast. 

The final results are being prepared for inclusion into this report. They will support the validation 
of the cumulative impact indicator assessment. 
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9.5 Appendix F – Buffer distances for physical disturbance and loss 

The following table of buffer distances is derived from various sources, as indicated in the last 
column of the table. These values should be regarded as default values when no other, more 
specific, information is available. When more specific values are available, especially those based 
on data or national agreements, these should be used instead for the respective area of 
applicability. 

 

Physical disturbance 

Activity/Pressure Applied buffer * Data processing Remarks/Reference 

Fishing intensity - swept area ratio (SAR) 
in ICES C-squares, 
surface and 
subsurface are 
considered separately 

surface and subsurface SAR 
are used in contrast to 
HELCOM BSII where only 
subsurface was considered 

Extraction of 
sand and gravel 

500 m with 
sharp decline 

Customized buffer 
model (starting 
beyond area of loss) 

50 m @ high 
100 m @ moderate 
250 m @ low 
500 m @ very low 

HELCOM BSII 

(no additional buffering in 
the CumI assessment if the 
exact removal area is 
known and if it is not 
located at the marginal 
zone of the polygon) 

Deposit of 
dredged material 

500 m with 
sharp decline 

Buffer for point and 
polygon data 

Customized buffer 
model 

50 m @ high 
100 m @ moderate 
250 m @ low 
500 m @ very low 

HELCOM (EN DREDS) 
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Maintenance 
dredging 

500 m with 
sharp decline 

Buffer for point and 
polygon data 

Customized buffer 
model 

50 m @ high 
100 m @ moderate 
250 m @ low 
500 m @ very low 

HELCOM (EN DREDS) 

Cable under 
construction 

1 km with sharp 
decline after 
500 m 

Customized buffer 
model  

550 m @ moderate 
600 m @ low 
1000 m @ very low 

HELCOM BSII 

Pipelines under 
construction 

1 km with sharp 
decline after 
500 m 

Customized buffer 
model 

550 m @ moderate 
600 m @ low 
1000 m @ very low 

HELCOM BSII 

Platforms under 
construction 

1 km with sharp 
decline after 
500 m 

Customized buffer 
model 

550 m @ moderate 
600 m @ low 
1000 m @ very low 

HELCOM BSII 

Wind farms 
under 
construction 

1 km with sharp 
decline after 
500 m 

Customized buffer 
model 

550 m @ moderate 
600 m @ low 
1000 m @ very low 

HELCOM BSII 

Wind farms in 
operation 

100 m with 
sharp decline 

Customized buffer 
model (starting 
beyond area of loss) 

HELCOM, OSPAR, Eastwood 
2007, Rees 2006 
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10 m @ moderate 
20 m @ low 
100 m @ very low 

Pipelines in 
operation 

300 m with 
linear decline 

Customized buffer 
model (starting 
beyond area of loss) 

75 m @ low 
300 m @ very low 

HELCOM BSII 

Coastal defence 
under 
construction 

500 m with 
sharp decline 

Customized buffer 
model 

50 m @ high 
100 m @ moderate 
250 m @ low 
500 m @ very low 

HELCOM BSII 

Shipping - water depth 
dependent: 
> 0 m and ≤ 10 m 
(100 % intensity) 

> 10 m and ≤ 15 m 
(50 % intensity) 

> 15 m and ≤ 20 m 
(25 % intensity) 

> 20 m and ≤ 25 m 
(10 % intensity) 

HELCOM BSII 

Mariculture 1 km with linear 
decline 

Customized buffer 
model (starting 
beyond area of loss) 

250 m @ moderate 
500 m @ low 
1000 m @ very low 

 HELCOM BSII 

*buffer used as radius, resulting spatial extent (= diameter) twice as large 
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Physical loss 

Activity/Pressure Applied buffer * Data processing Remarks/Reference 

Extraction of 
sand and gravel 

- Area of polygon, no 
actual extraction 
areas available 

HELCOM BSII 

Capital dredging 25 m < 5000 m3 

50 m > 5000 m3 

Buffer depends on 
the amount dredged 

HELCOM (EN DREDS) 

Wind farms in 
operation 

30 m  Buffer around single 
turbines 

Based on Foden et al. (2011)  

Cable in 
operation 

1.5 m  Line data HELCOM (German 
BalticBOOST case study)  

Platforms in 
operation 

25 m  Point data Exact dimensions if available 

Pipelines in 
operation 

15 m Line data  Exact dimensions if available  

Coastal defence 50 m  Line data HELCOM, van der Wal & 
Tamis 2014 

Harbours 200 m Polygon HELCOM, Orviku 2008 

*buffer used as radius, resulting spatial extent (= diameter) twice as large 
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9.6 Appendix G – Buffer distances for physical disturbance and loss used for the German 
case study 

Overview of pressures and corresponding buffers for the German case study that were used 
differently from the standard settings as listed in the tables in Appendix F. 

Physical disturbance 

CumI pressure 
data layer 

Applied buffer * Data processing Remarks/Reference 

Fishing intensity - swept area ratio (SAR) 
in ICES C-squares, 
surface and 
subsurface are first 
treated separately 
and then aggregated 
for the cumulation 
process 

surface and subsurface SAR 
are used in contrast to 
HELCOM BSII where only 
subsurface was considered 

Cable under 
construction 

50 m  
(deeper water) 

100 m  
(shallow water) 
 

Customized buffer 
model  

0.5 m @ high 
3 m @ moderate 
10 m @ low 
50–100 m @ very low 

National adaptation (based 
on national impact 
regulation) 

Pipelines under 
construction 
(trenched) 

150–200 m Customized buffer 
model  

25 m @ high 
50 m @ moderate 
100 m @ low 
150-200 m @ very low 

Based on NordStream2. 
Dimension of trenched 
ditches is project specific. 
Use exact dimension of 
trenched ditch, if available 

Wind farms 
under 
construction (pile 
foundation type)  

also used for 
platforms and 

50–100 m with 
sharp decline  

 
50 m 
(deeper waters) 

Customized buffer 
model 

Deeper waters 

5 m @ moderate 
10 m @ low 

National adaptation 
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pipelines (laid on 
surface) under 
construction 

100 m  
(shallow waters) 

25 m @ very low 
50 m @ very low 

Shallow waters 

10 m @ moderate 
20 m @ low 
50 m @ very low 
100 m @ very low 

Wind farms in 
operation 

No additional 
buffer 

 
Based on national 
adaptation/impact 
regulation 

Pipelines in 
operation 
(trenched and 
laid on surface or 
unknown) 

No additional 
buffer 

 
Based on Spagnolo 2019, 
Lewis 2002 and 
NordStream2 

Mariculture 500 m with 
linear decline 

Customized buffer 
model (starting 
beyond area of loss) 

125 m @ low 
250 m @ very low 
500 m @ very low 

Adapted based on HELCOM 
BSII 

 

Physical loss 

Activity/Pressure Applied buffer * Data processing Remarks/Reference 

Wind farms in 
operation 

10 m  Buffer around single 
turbines 

Based on Foden et al. (2011) 
and ICES WKBEDLOSS, 
adapted to German 
foundation construction, 
predominantly without scour 
protection 
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Cable in 
operation 

No buffer 
applied, cables 
are only 
considered 
during 
construction 
under physical 
disturbance 

 Line data  Based on national impact 
regulation and planning 
principles and standardized 
technical principles from 
Federal Offshore Spatial 
Planning (BFO) / Site 
Development Plan (FEP) 

E-cable: Encompasses 
especially a recovery of 
trenched areas with original 
seabed sediment or 
comparable natural sand or 
gravel, compliance of depth 
of recovery and temperature 
threshold as well as 
electromagnetic(EM)-field 
requirements. 

T-cable: reduced depth of 
recovery, no cable warming, 
no EMF 

Pipelines in 
operation (laid 
on surface or 
unknown 
situation) 

1 m Line data  Based on exact dimension of 
respective pipeline if 
available 

Pipelines in 
operation 
(trenched) 

No buffer 
applied, 
trenched 
pipelines are 
only considered 
during 
construction 
under physical 
disturbance 

Line data  Based on national impact 
regulation, which 
encompasses in particular a 
recovery of trenched areas 
with original seabed 
sediment or comparable 
natural sand or gravel 
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9.7 Appendix H – Biotope sensitivities 

As estimated by ICES WKFBI (2016): Baltic broad scale habitats revised, with assigned sensitivity 
scores low, moderate and high. The confidence is classified as low by ICES and is mainly based on 
expert judgement. 

 

ICES WKFBI 
(2016) Baltic 
revised 
sensitivities 

 

 

 
Broadscale 
Habitats 

   
 
              
Pressure -> 
 
  

Penetration 
and/or 
disturbance 
of the 
substrate 
below the 
surface of 
the seabed 
(> 2 cm) 

Shallow 
abrasion/ 
penetration: 
damage to 
seabed 
surface and 
penetration 
(< 2  cm)  

Characteristic 
species 
(justification) 

A5.13: 
Infralittoral 
coarse 
sediment 

Oligohaline Subtidal 
coarse 
sediment 

L   M   Oligochaetes, 
Gammarus spp., 
Chironomids, 
Macoma 
balthica 

  Mesohaline   L   L   Ophelia, 
Travisia, Mya 
arenaria, 
Macoma 
balthica, 
Cerastoderma 

  Polyhaline   L   H   Astarte spp., 
Macoma 
calcarea, Mya 
truncata, 
(Arctica 
islandica) 
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A5.14: 
Circalittoral 
coarse 
sediment 

Oligohaline Subtidal 
coarse 
sediment 

L   M   Oligochaetes, 
Chironomids, 
Monoporeia 
affinis, 
Gammarus spp., 
Macoma 
balthica 

  Mesohaline   L   L   Ophelia, 
Travisia, Mya 
arenaria, 
Macoma 
balthica, 
Cerastoderma 

  Polyhaline   L   H   Astarte spp., 
Macoma 
calcarea, Mya 
truncata, 
(Arctica 
islandica) 

A5.15: Deep 
Circalittoral 
coarse 
sediment 

Mesohaline Subtidal 
coarse 
sediment 
(> 50 m) 

      

  Polyhaline   NA NA   

A5.23: 
Infralittoral 
fine sand or 
A5.24: 
Infralittoral 
muddy sand 

Oligohaline Subtidal 
sand 

M   M   Macoma 
balthica, 
Oligochaetes, 
Chironomids 

  Mesohaline   M   M   Mya arenaria, 
Macoma 
balthica, 
Cerastoderma, 
Polychaetes 
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  Polyhaline   M   H   Astarte borealis, 
Arctica 
islandica, Mya 
arenaria, 
Polychaetes 
(partly tube-
building) 

A5.25: 
Circalittoral 
fine sand or 
A5.26: 
Circalittoral 
muddy sand 

Oligohaline Subtidal 
sand 

M   M   Macoma 
balthica, 
Monoporeia 
affinis, 
Oligochaetes 

  Mesohaline   M   M   Mya arenaria, 
Macoma 
balthica, 
Cerastoderma, 
Polychaetes 

  Polyhaline   M   H   Astarte borealis, 
Arctica 
islandica, Mya 
arenaria, 
Polychaetes 
(partly tube-
building) 

A5.27: Deep 
circalittoral 
sand 

Marine Subtidal 
sand 
(> 50 m) 

NA NA   

A5.33: 
Infralittoral 
sandy mud 

Oligohaline Subtidal 
mud 

M   M   Macoma 
balthica, 
Oligochaetes, 
Chironomids, 
Marenzelleria 

  Mesohaline   M   M   Macoma 
balthica, 
Polychaetes, 
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Priapulids, 
Monoporeia 
affinis, 
Pontoporeia 
femorata 

  Polyhaline   H   H   Arctica 
islandica, 
Ophiura albida, 
Polychaetes 

A5.34: 
Infralittoral 
fine mud 

Oligohaline Subtidal 
mud 

M   M   Macoma 
balthica, 
Oligochaetes, 
Chironomids, 
Marenzelleria 

  Mesohaline   M   M   Macoma 
balthica, 
Polychaetes, 
Priapulids, 
Monoporeia 
affinis, 
Pontoporeia 
femorata 

  Polyhaline   H   H   Arctica 
islandica, 
Ophiura albida, 
Polychaetes 

A5.35: 
Circalittoral 
sandy mud 

Oligohaline Subtidal 
mud 

M   M   Monoporeia 
affinis, Saduria 
entomon, 
Macoma 
balthica, 
Marenzelleria 

  Mesohaline   M   M   Macoma 
balthica, 
Polychaetes, 
Priapulids, 
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Monoporeia 
affinis, 
Pontoporeia 
femorata 

  Polyhaline   H   H   Arctica 
islandica, 
Ophiura albida, 
Polychaetes 

A5.36: 
Circalittoral 
fine mud 

Oligohaline Subtidal 
mud 

M   M   Monoporeia 
affinis, Saduria 
entomon, 
Macoma 
balthica, 
Marenzelleria 

  Mesohaline   M   M   Macoma 
balthica, 
Polychaetes, 
Priapulids, 
Monoporeia 
affinis, 
Pontoporeia 
femorata 

  Polyhaline   H   H   Arctica 
islandica, 
Ophiura albida, 
Polychaetes 

A5.37: Deep 
circalittoral 
mud 

Oligohaline Subtidal 
mud (>50m) 

M   M   Monoporeia 
affinis, Saduria 
entomon, 
Marenzelleria 

  Mesohaline   NA NA   

  Polyhaline   NA NA   
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A5.43: 
Infralittoral 
mixed 
sediments 

Oligohaline Subtidal 
mixed 
sediments 

M   M   Macoma 
balthica, 
Oligochaetes, 
Chironomids, 
Marenzelleria 

  Mesohaline   L   L   Ophelia, 
Travisia, Mya 
arenaria, 
Macoma 
balthica, 
Cerastoderma 

  Polyhaline   L   H   Astarte spp., 
Macoma 
calcarea, Mya 
truncata, 
(Arctica 
islandica) 

A5.44: 
Circalittoral 
mixed 
sediments 

Oligohaline Subtidal 
mixed 
sediments 

M   M   Monoporeia 
affinis, Saduria 
entomon, 
Macoma 
balthica, 
Marenzelleria 

  Mesohaline   L   L   Ophelia, 
Travisia, Mya 
arenaria, 
Macoma 
balthica, 
Cerastoderma 

  Polyhaline   L   H   Astarte spp., 
Macoma 
calcarea, Mya 
truncata, 
(Arctica 
islandica) 
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Subtidal 
macrophyte-
dominated 
sediment 

  Subtidal 
macrophyte
-dominated 
sediment 

L   M   Zostera marina 

Subtidal 
biogenic 
reefs 

  Subtidal 
biogenic 
reefs 

NE NE Mytilus spp. 
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9.8 Appendix I – Literature review – Fishing pressure 

Following a request in EN-BENTHIC 4-2020 (Annex 2, topic 1.i) the compiled studies relevant to 
fishing pressure from the past three years based on the input from Denmark were reviewed 
regarding their applicability and if possible, compared to the existing literature for CumI. The 
evaluated literature is divided into two categories: “Precluded literature” and “Assessed 
literature”. Literature in the first category was mainly excluded due to data limitations and 
assessments which relate to dynamic sensitivities of habitats.  

9.8.1 Precluded literature 
After thorough evaluation of the literature, several studies had to be excluded from the analysis. 
The main reasons are data limitations and assessments based on dynamic sensitivities of 
habitats. The CumI assessment relates to a static sensitivity of habitats referring to a pristine state 
of the benthos. Studies including detailed justification for preclusion are listed below. 

Pressure  

The magnitude of pressure for bottom trawling at higher resolution was investigated by several 
studies.  

9.8.1.1 Hiddink et al. 2016  
analysed different trawling intensities to achieve maximal production of a target specie in the 
Kattegat 

ð A comparison with the CumI assessment is not possible, because the study refers to a 
direct application to fishing management in a specific area based on a dynamic sensitivity 
of habitats. 

9.8.1.2 Hiddink et al. 2017 and Hiddink et al. 2019  
analyzed the biomass decline/species abundance decrease per trawl pass.  

ð For the application in the CumI assessment, the spatial and temporal resolution of SAR is 
too coarse to apply theoretical trawl pass decline of benthos. 

9.8.1.3 Eigaard et al. 2016 and Rijnsdorp et al. 2020  
investigated the gear type dependent penetration depth allowing an estimation of pressure 
intensity (surface and subsurface) for 14 different functional gear groups (métiers)  

ð The information of vessel size, gear type, and target species composition are needed at a 
high temporal and spatial (1x1 min) resolution. These data are not available in the CumI 
assessment. 
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Sensitivity 

Based on the longevity of benthic fauna, the sensitivity of the seabed to bottom trawling can be 
determined by the critical trawling intensity (Tc) at which the biomass proportion of long-lived 
taxa is reduced to a certain level of the untrawled reference.  

9.8.1.4 Rijnsdorp et al. 2018  
provide a method to estimate the sensitivity of benthic habitats based on the longevity 
composition of the invertebrate community. The longevity biomass composition was estimated 
using benthic samples collected in the North Sea and English Channel, and related sediment 
composition and tidal bed-shear stress. Seabed sensitivity was estimated as the critical trawling 
intensity (Tc) at which the biomass of long-lived taxa is reduced to a proportion of the untrawled 
biomass.  

ð Since it is uncertain whether sampling stations recovered from historic trawl activities, 
vulnerable taxa may have already disappeared from the study area, affecting the biomass-
longevity composition of the benthic community  

ð Tc which is based on longevity distribution of the benthic community relates to dynamic 
sensitivity of habitats and therefore cannot be compared to the static sensitivity of habitats 
applied in the CumI assessment 

Using the longevity distribution of the untrawled infaunal community, the seabed integrity was 
estimated as the proportion of the biomass of benthic taxa where the trawling interval at the 
subsurface level exceeds their life span. 

9.8.1.5 Eigaard et al. 2017  
analysed the seabed integrity (SBI) and the distribution and intensity of bottom trawling in 
European waters. SBI was estimated as the proportion of the biomass of benthic taxa where the 
trawling interval at the subsurface level exceeds their life span, with SBI ranging between 0 (all 
taxa potentially impacted) and 1 (none of the tax impacted). For calculating SBI indicator, 
regression parameters were based on biomass-longevity data of infaunal taxa taken from sampling 
stations in the North Sea with unknown trawl history. Indicators for trawling pressure were based 
on VMS data coupled to logbook data and analysed at a resolution of 1 x 1min longitude and 
latitude for different EUNIS habitat types and main gear groups. Combined with the information 
on target species and gear type allowed the distinction between surface and subsurface 
footprints.  

ð The SBI indicator - whose regression parameters are not based on samples taken from 
pristine untrawled areas- relates to dynamic sensitivity of habitats and therefore cannot be 
compared to the static sensitivity of habitats applied in the CumI assessment 

ð Furthermore, the SBI indicator ignores the possible differences in the longevity distribution 
of the benthic community across habitats. 
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Trawling intensity within small spatial area (1x1 minute longitude and latitude) bottom trawling 
activity can be considered as randomly distributed on an annual basis (Rijnsdorp et al. 1998, Lee et 
al. 2010) and is a prerequisite for the calculation of the seabed integrity (SBI).  

ð Calculation of different indicators for trawling pressure is not applicable in the CumI 
assessment, because spatial resolution of SAR is too coarse. 

9.8.1.6 ICES Scientific reports 2020 
uses of VMS/Logbook data and applies the LL1 as well as the population dynamic (PD) methods to 
assess the impact of trawling relate to. The Longevity (LL1) method: statistical model - longevity 
composition of a benthic community tracks changes in benthic community composition in 
response to trawling, with 0 = no impact, 1 = maximum possible impact (Rjinsdorp et al. 2016). The 
indicator estimates the reduction in the proportion of long-lived taxa (maximum lifespan > 10 
years) caused by trawling. The population dynamic (PD) method is a mechanistic model estimating 
the total reduction in the community biomass relative to carrying capacity (relative benthic status 
RBS) in response to trawling (gear specific depletion rates) and the recovery time (recovery rates).   

ð Both impact assessment methods (LL1, PD) relate to dynamic sensitivity of habitats and 
therefore cannot be compared to static habitat sensitivity used in the CumI assessment 

ð Comparison with CumI is not possible, because detailed VMS/Logbook data are not 
available for the CumI assessment and spatial and temporal resolution of SAR is too coarse 

ð no information on gear type is available to derive gear-specific depletion rates   

Impact 

9.8.1.7 Hiddink et al. 2019  
estimated depletion rates and intrinsic recovery rates of community in response to experimental 
trawling. In case longevity distribution of a community is known, both parameters can be 
combined with high-resolution maps of trawling intensity to assess trawling impacts at the scale of 
the fishery or other defined unit of assessment. They apply the relative benthic status (RBS) 
method which is based on the longevity distribution of the present benthic community accounting 
for the interaction of other forms of disturbance including trawling. 

ð RBS method relates to dynamic habitat sensitivities and therefore cannot be compared to 
static sensitivities of habitats used in the CumI assessment 

ð Additionally, depletion and recovery rates after trawling cannot be applied in the CumI 
assessment because the resolution of SAR value is spatially and temporally too coarse. 
Neither exact trawling location nor its trawling interval between trawls are available to 
apply depletion rates or recovery rates of species’ community in a small spatial area.  

9.8.1.8 Hiddink et al. 2020  
concluded that whole-community numbers of individuals and biomass are most suitable indicators 
of bottom trawling impact on the state of benthic biota. The assessment of biomass decline per 
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trawl needs to be carried out in pristine reference areas to be comparable to the magnitude of 
impact in the CumI assessment. But "pristine conditions" of reference areas cannot be guaranteed 
(see Hiddink et al. 2019) 

ð Comparison with Magnitude of impact of the CumI assessment is not applicable since the 
study relates to a dynamic sensitivity of habitats 

9.8.1.9 ICES 2019a, Annex 4 - technical guidance document 
The document describes the methodology of an assessment approach that can be used to derive a 
set of indicators for assessing physical disturbance pressures from bottom-contacting fishing gears 
and their environmental impacts on seabed habitats. The guidance document suggests applying 
the RBS method which is based on the longevity distribution of the present benthic community 
accounting for the interaction of other forms of disturbance including trawling. 

ð RBS method relates to dynamic habitat sensitivities and therefore cannot be compared to 
static sensitivities of habitats used in the CumI assessment (see Hiddink et al. 2019). 

ð Additionally, depletion and recovery rates after trawling cannot be applied in the CumI 
assessment because the resolution of SAR value is spatially and temporally too coarse (see 
Hiddink et al. 2019). 

9.8.2 Assessed literature 
The following trawling literature was approved for comparison and details are listed below  

Pressure 

9.8.2.1 Van Denderen et al. 2015 
examined the effects of trawl and natural (tidal-bed shear stress) disturbance on benthic 
communities over gradients of bottom trawling effort in the North and Irish Seas. Both sources of 
disturbance caused declines in long-living, hard-bodied (exoskeleton) and suspension-feeding 
organisms, resulting in no detectable trawling effect on communities exposed to high natural 
disturbance. The findings will help to identify areas that are more resilient to trawling and support 
the development of management plans. Although the origin of their trawling categories is unclear, 
trawl intensity in the following SAR-categories can be compared: 

CumI intensity categories CumI SAR ranges Van Denderen et al. 2015 SAR ranges 

very low 0.05 ≤ SAR < 0.33   

low 0.33 ≤ SAR < 0.66 low SAR ≤ 0.2 

moderate 0.66 ≤ SAR < 2.00 intermediate 0.2 < SAR ≤ 0.5 

ð SAR-categories used in CumI are less cautious compared to ranges of SAR-values used in 
Van Denderen et al. (2015) 
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Sensitivity 

The biomass-longevity distribution can be used as an indicator for habitat sensitivity. The higher 
the proportion of long-lived taxa with low resilience (slow recovery after trawl impact), the higher 
the sensitivity of the habitat.  

9.8.2.2 Van Denderen et al. 2020  
modelled the longevity distribution of the benthic community in the Baltic Sea based on biomass-
longevity data and the underlying environmental conditions of depth, salinity, and wave exposure 
at the seabed. In the CumI assessment sensitivity distribution of biotopes are mainly based on 
environmental conditions such as sediment composition, salinity, depth (infra vs. circa) and 
characteristic species. 

 

 

Predicted longevity distribution of the benthic 
community presented as the median longevity 
in years where the cumulative biomass 
proportion is equal to 0.5 (Van Denderen et al. 
2020, Fig. 5a). 

Sensitivity distribution of benthic biotopes in 
response to bottom trawling are represented 
in the sensitivity categories low, moderate and 
high (CumI assessment). 

 

ð The pattern of the longevity distribution in the Baltic is in good agreement with the 
sensitivity map of biotopes in response to trawling, showing highest values in the Kattegat, 
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moderate ones in southern part of the Western Baltic and low values in the Gotland basin. 
Comparison will be revised after assessing completed sensitivity survey 
 

ð However, longevity distribution of the benthic community referred to as a reference state 
(Van Denderen et al. 2020) might be influenced by trawling, because no information on 
collated data is given, if samples were taken in untrawled "pristine areas" (Gogina et al. 
2016). In this case, the longevity–biomass composition - displaying a dynamic population - 
relates to a dynamic sensitivity of habitats and a direct comparison with a static sensitivity 
of habitats applied in CumI is partly biased. 

9.8.2.3 Life spans of characteristic species (MarLIN-database)  
associated with Baltic broad scale habitats (see revised table by ICES WKFBI, 2016) are compared 
to the median longevity distribution in the Baltic Sea  

 

   

Median longevity of 
the whole community  

Arctica islandica  

ca. 60 years 

Mya arenaria 

10 – 20 years 

Limecola balthica 

5 – 10 years 

Distribution of longevity of whole community (Van Denderen et al. 2020, Fig. 5a) and distribution 
of characteristic species (bivalves) with associated life spans (MarLIN - 
https://www.marlin.ac.uk/species) in the Baltic Sea. By contributing significantly to the cumulative 
biomass, bivalves influence the biomass-longevity distribution and consequently the median 
longevity of the benthic community. 

ð The pattern of longevity distribution in the Baltic is in good agreement with the distribution 
of maximal life spans of characteristic species, displaying younger ages associated with 
lower salinities. 

9.8.2.4 Hiddink et al. 2017  
analysed available data for experimental and comparative studies of trawling impacts on whole 
communities of seabed macroinvertebrates in sedimentary habitats and developed a widely 
applicable method to estimate depletion and recovery rates of biota after trawling. Coupled with 
high resolution maps of trawling frequency and habitat, the RBS method enables assessment of 
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trawling impacts on present benthic macrofaunal communities. Some of the comparative studies 
used for estimating recovery rates as well as of the experimental studies on depletion, were 
conducted in previously trawled areas with a lowered abundance of biota. This automatically 
results in a lowered sensitivity of habitats. Hence the RBS method relates to a dynamic sensitivity 
of habitats as opposed to the static sensitivity used for the CumI assessment.  

Despite significant methodological differences between RBS-method and CumI assessment, we 
assessed the pattern of resilience to trawling across habitats in marine waters and the Baltic Sea in 
relation to their rough sediment classification. For the comparison we used the revised ICES broad 
scale habitats (ICES WKFBI, 2016) with assigned resilience scores to shallow abrasion/penetration 
in polyhaline waters, being closest to full marine waters and covering a range of different 
sediment types.   

Applying the RBS-method, habitat resilience, represented by recovery rates, is inversely correlated 
to gravel content. Hiddink et al. (2017) assumed that communities on gravel may be more 
sensitive to trawling, because they, on average, have a larger proportion of larger, long-lived, and 
sessile epifauna (Bolam et al. 2017) showing longer recovery times after physical disturbance. On 
the other hand, high recovery rates indicating high resilience of habitats, are associated with 
sediments lacking gravel. 

The ICES broad scale habitats characterized by coarse sediments show low resilience to abrasion 
like the response of habitats with high gravel content (RBS-method). In contrast to the resilience 
pattern based on the RBS-method, the Baltic broad scale habitats with subtidal mud and sand (no 
gravel) show very low resilience to abrasion.  

ð Pattern of sediment-depended resilience of habitats according to RBS-method does not 
match ICES pattern, displaying very low or low habitat resilience irrespective of gravel 
content  

For assessing sensitivities of Baltic broad scale habitats, ICES assigned characteristic species and 
their responses to different pressures to habitats. A characteristic specie of these habitats is 
Arctica islandica, a long-lived bivalve with low recovery rates leading to very low resilience to 
physical abrasion. This specie is also spread in the Northwest and northeast Atlantic (MarLIN 
database) matching areas of evaluated studies with unknown trawling history for developing the 
RBS-method. Artica islandica as well as other long-lived biota sensitive to trawling, might be 
significantly depleted, thus contributing little to the recovery rate of the whole community.  

ð As a result, the RBS-method most likely overestimates average recovery rate and thus 
resilience to trawling of the benthic community, while the CumI assessment relates to 
static resilience of habitats in pristine conditions. 
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9.8.2.5 Pitcher et al. 2017 
Estimating the sustainability of towed fishing-gear impacts on seabed habitats: a simple 
quantitative risk assessment method applicable to data-limited fisheries. The applied RBS-method 
relates to dynamic sensitivity of habitats: caution when comparing to static habitat sensitivity in 
CumI assessment (see Hiddink et al. 2017) 

Habitat sensitivity is dependent on resistance which can be represented by biomass /abundance 
depletion per trawl pass. Pitcher et al. 2017 assessed that habitat dependent depletion is highest 
in habitats associated with gravel.  

This result is in line with habitat sensitivity in the CumI assessment showing high sensitivities to 
shallow abrasion in habitats associated with hard substrate throughout all countries. Habitats 
characterized with sand, mud or mixed sediments potentially have lower sensitivities. However, 
comparison with biotope sensitivities to trawling will be reassessed after evaluating results of the 
sensitivity survey. 

9.8.2.6 Eigaard et al. 2017  
SBI - seabed integrity was estimated as the proportion of the biomass of benthic taxa where the 
trawling interval at the subsurface level exceeds their life span, with seabed integrity indicator 
(SBI) ranging between 0 (all taxa potentially impacted) and 1 (none of the tax impacted) to 
estimate critical trawling intensity (Tc).  

The constants/parameters for calculating SBI are based on biomass-longevity data of infaunal taxa 
taken from sampling stations with unknown trawling history.  

ð SBI-calculations relate to a dynamic sensitivity. At an annual trawling intensity of 0.1 year-1 
to be a critical intensity beyond which bottom trawling may start compromising the 
integrity of the seabed and associated benthic community. This critical intensity was based 
on the data from van Denderen et al. (2015) showing that about 17% of the infaunal 
biomass comprised of taxa with longevity of 10 years or more. The critical trawling 
intensity based on the longevity composition can be considered to be a low-risk reference. 
It does not mean that taxa that are trawled at least once during their lifespan will no longer 
be able to maintain themselves. 

CumI intensity categories CumI SAR ranges 

very low 0.05 ≤ SAR < 0.33 

low 0.33 ≤ SAR < 0.66 

ð CumI follows a less cautious approach 
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9.8.2.7 Sciberras et al. 2018  
investigated the response of benthic fauna to experimental bottom fishing.  Pressure sensitivities 
of characteristic species in Baltic broad scale habitats (ICES WKFBI, 2016) were analysed according 
to MarLIN and results compared to the corresponding taxonomic classes in the study of Sciberras 
et al. 2018.  

An evaluation of both sensitivity patterns is not possible because sensitivities of single species to 
surface abrasion are compared with average sensitivities of a whole taxonic groups. Furthermore, 
characteristic species of broad scale habitats in the Baltic Sea cover only 4 of 13 taxonomic classes 
described in Sciberras et al. 2018 

However, if habitat characteristic species are assigned to taxonomic classes following statements 
can be made: all characteristic species show a low or medium resistance to abrasion indicating 
that they are affected by a trawl pass.  

ð This is in line with the results of the study (Sciberras et al. 2018) demonstrating that the 
corresponding taxonomic classes (Bivalvia, Polychaeta, Clitellata and Malacostraca) show a 
significant depletion per gear pass (Sciberras et al. 2018, Fig. 7).  

Furthermore, most characteristic species show a high resilience to abrasion, describing the 
recoverability after trawling (except bivalve Artica islandica). This coincides with positive recovery 
rates of the corresponding taxonomic classes resulting in recovery times of 1 to 7 months after a 
gear pass (Sciberras et al. 2018, Tab. 3). 
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9.9 Appendix J – Sensitivities used in the current CumI assessment 

All sensitivities listed here are preliminary. They will be revisited as soon as the updated biotope 
map is available. 

The naming of the biotopes in the tables is in short form as follows: 

• Infralittoral hard substrate = infra hard 
• Circalittoral hard substrate = circa hard 
• Infralittoral sand = infra sand 
• Circalittoral sand = circa sand 
• Infralittoral mud = infra mud 
• Circalittoral mud = circa mud 
• Infralittoral mixed substrate = infra mix 
• Circalittoral mixed substrate = circa mix 

9.9.1 Denmark 

9.9.1.1 General sensitivity 

Biotope Salinity Sensitivity 

circa hard 11-18 high 

circa hard 18-30 high 

circa hard 7.5-11 high 

circa mix 11-18 high 

circa mix 18-30 high 

circa mix 7.5-11 high 

circa mix >30 high 

circa mud 11-18 moderate 

circa mud 18-30 moderate 

circa mud 7.5-11 moderate 

circa mud >30 moderate 
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Biotope Salinity Sensitivity 

circa sand 11-18 low 

circa sand 18-30 low 

circa sand 7.5-11 low 

circa sand >30 low 

infra hard 11-18 high 

infra hard 18-30 high 

infra hard 7.5-11 high 

infra hard >30 high 

infra mix 11-18 high 

infra mix 18-30 high 

infra mix 7.5-11 high 

infra mix >30 high 

infra mud 11-18 moderate 

infra mud 18-30 moderate 

infra mud 7.5-11 moderate 

infra mud >30 moderate 

infra sand 11-18 low 

infra sand 18-30 low 

infra sand 7.5-11 low 

infra sand >30 low 
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9.9.1.2 Sensitivity towards bottom trawling (surface abrasion) 

Biotope Salinity Sensitivity 

circa hard 11-18 high 

circa hard 18-30 high 

circa hard 7.5-11 high 

circa mix 11-18 low 

circa mix 18-30 high 

circa mix 18-30 moderate 

circa mix 18-30 low 

circa mix 7.5-11 low 

circa mix >30 high 

circa mud 11-18 moderate 

circa mud 11-18 high 

circa mud 18-30 high 

circa mud 18-30 moderate 

circa mud 7.5-11 moderate 

circa mud >30 high 

circa sand 11-18 moderate 

circa sand 18-30 high 

circa sand 18-30 moderate 

circa sand 7.5-11 moderate 

circa sand >30 high 
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Biotope Salinity Sensitivity 

infra hard 11-18 high 

infra hard 18-30 high 

infra hard 7.5-11 high 

infra hard >30 high 

infra mix 11-18 low 

infra mix 11-18 high 

infra mix 11-18 moderate 

infra mix 18-30 high 

infra mix 18-30 moderate 

infra mix 18-30 low 

infra mix 7.5-11 low 

infra mix >30 high 

infra mud 11-18 moderate 

infra mud 11-18 high 

infra mud 18-30 high 

infra mud 18-30 moderate 

infra mud 7.5-11 moderate 

infra mud >30 high 

infra sand 11-18 moderate 

infra sand 11-18 high 
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Biotope Salinity Sensitivity 

infra sand 18-30 high 

infra sand 18-30 moderate 

infra sand 7.5-11 moderate 

infra sand >30 high 

9.9.2 Estonia 

9.9.2.1 General sensitivity 

Biotope Salinity Sensitivity 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa mix 5-7 moderate 

circa mix 7.5-11 moderate 

circa mud 5-7 moderate 

circa mud 7.5-11 moderate 

circa sand 5-7 moderate 

circa sand 7.5-11 moderate 

infra hard 5-7 high 

infra hard 7.5-11 high 

infra mix 5-7 moderate 

infra mix 7.5-11 moderate 

infra mud 5-7 moderate 

infra mud 7.5-11 moderate 
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Biotope Salinity Sensitivity 

infra sand 5-7 moderate 

infra sand 7.5-11 moderate 

9.9.2.2 Sensitivity towards bottom trawling (surface abrasion) 

Biotope Salinity Sensitivity 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa mix 5-7 moderate 

circa mix 5-7 low 

circa mix 7.5-11 moderate 

circa mix 7.5-11 low 

circa mud 5-7 moderate 

circa mud 7.5-11 moderate 

circa sand 5-7 moderate 

circa sand 7.5-11 moderate 

infra hard 5-7 high 

infra hard 7.5-11 high 

infra mix 5-7 moderate 

infra mix 5-7 low 

infra mix 7.5-11 moderate 

infra mix 7.5-11 low 

infra mud 5-7 moderate 
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Biotope Salinity Sensitivity 

infra mud 7.5-11 moderate 

infra sand 5-7 moderate 

infra sand 7.5-11 moderate 

9.9.3 Finland 

9.9.3.1 General sensitivity 

Biotope Salinity Sensitivity 

circa hard 5-7 high 

circa hard < 5 high 

circa mix 5-7 moderate 

circa mix 7.5-11 moderate 

circa mix < 5 moderate 

circa mud 5-7 moderate 

circa mud 7.5-11 moderate 

circa mud < 5 moderate 

circa sand 5-7 moderate 

circa sand < 5 moderate 

infra hard 5-7 high 

infra hard < 5 high 

infra mix 5-7 moderate 

infra mix < 5 moderate 

infra mud 5-7 moderate 
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Biotope Salinity Sensitivity 

infra mud 7.5-11 moderate 

infra mud < 5 moderate 

infra sand 5-7 moderate 

infra sand < 5 moderate 

9.9.3.2 Sensitivity towards bottom trawling (surface abrasion) 

Biotope Salinity Sensitivity 

circa hard 5-7 high 

circa hard < 5 high 

circa mix 5-7 moderate 

circa mix 5-7 low 

circa mix 7.5-11 moderate 

circa mix 7.5-11 low 

circa mix < 5 moderate 

circa mud 5-7 moderate 

circa mud 7.5-11 moderate 

circa mud < 5 moderate 

circa sand 5-7 moderate 

circa sand < 5 moderate 

infra hard 5-7 high 

infra hard < 5 high 

infra mix 5-7 moderate 
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Biotope Salinity Sensitivity 

infra mix < 5 moderate 

infra mud 5-7 moderate 

infra mud 7.5-11 moderate 

infra mud < 5 moderate 

infra sand 5-7 moderate 

infra sand < 5 moderate 

9.9.4 Germany 

9.9.4.1 General sensitivity 

Biotope Salinity Sensitivity 

circa hard 11-18 high 

circa hard 18-30 high 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa mix 11-18 moderate 

circa mix 7.5-11 moderate 

circa mud 11-18 moderate 

circa mud 18-30 moderate 

circa mud 7.5-11 moderate 

circa sand 11-18 moderate 

circa sand 18-30 moderate 

circa sand 5-7 moderate 
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Biotope Salinity Sensitivity 

circa sand 7.5-11 moderate 

infra hard 11-18 high 

infra hard 5-7 high 

infra hard 7.5-11 high 

infra mix 11-18 moderate 

infra mix 18-30 moderate 

infra mix 5-7 moderate 

infra mix 7.5-11 moderate 

infra mix < 5 moderate 

infra mud 11-18 moderate 

infra mud 18-30 moderate 

infra mud 5-7 moderate 

infra mud 7.5-11 moderate 

infra mud < 5 moderate 

infra sand 11-18 moderate 

infra sand 18-30 moderate 

infra sand 5-7 moderate 

infra sand 7.5-11 moderate 

infra sand < 5 moderate 
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9.9.4.2 Sensitivity towards bottom trawling (surface abrasion) 

Biotope Salinity Sensitivity 

circa hard 11-18 high 

circa hard 18-30 high 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa mix 11-18 low 

circa mix 11-18 moderate 

circa mix 7.5-11 low 

circa mud 11-18 moderate 

circa mud 11-18 high 

circa mud 18-30 high 

circa mud 7.5-11 moderate 

circa sand 11-18 moderate 

circa sand 18-30 moderate 

circa sand 5-7 moderate 

circa sand 7.5-11 moderate 

infra hard 11-18 high 

infra hard 5-7 high 

infra hard 7.5-11 high 

infra mix 11-18 low 

infra mix 18-30 high 
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Biotope Salinity Sensitivity 

infra mix 5-7 moderate 

infra mix 7.5-11 low 

infra mix < 5 moderate 

infra mud 11-18 moderate 

infra mud 18-30 high 

infra mud 5-7 moderate 

infra mud 7.5-11 moderate 

infra mud < 5 moderate 

infra sand 11-18 high 

infra sand 11-18 moderate 

infra sand 18-30 high 

infra sand 5-7 moderate 

infra sand 7.5-11 moderate 

infra sand < 5 moderate 

9.9.5 Latvia 

9.9.5.1 General sensitivity 

Biotope Salinity Sensitivity 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa mix 11-18 moderate 

circa mix 5-7 moderate 
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Biotope Salinity Sensitivity 

circa mix 7.5-11 moderate 

circa mud 11-18 moderate 

circa mud 5-7 moderate 

circa mud 7.5-11 moderate 

circa mud < 5 moderate 

circa sand 5-7 moderate 

circa sand 7.5-11 moderate 

circa sand < 5 moderate 

infra hard 5-7 high 

infra hard < 5 high 

infra mix 5-7 moderate 

infra mud 5-7 moderate 

infra mud 7.5-11 moderate 

infra mud < 5 moderate 

infra sand 5-7 moderate 

infra sand < 5 moderate 

9.9.5.2 Sensitivity towards bottom trawling (surface abrasion) 

Biotope Salinity Sensitivity 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa mix 11-18 low 
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Biotope Salinity Sensitivity 

circa mix 5-7 low 

circa mix 5-7 moderate 

circa mix 7.5-11 low 

circa mud 11-18 moderate 

circa mud 5-7 moderate 

circa mud 7.5-11 moderate 

circa mud < 5 moderate 

circa sand 5-7 moderate 

circa sand 7.5-11 moderate 

circa sand < 5 moderate 

infra hard 5-7 high 

infra hard < 5 high 

infra mix 5-7 moderate 

infra mud 5-7 moderate 

infra mud 7.5-11 moderate 

infra mud < 5 moderate 

infra sand 5-7 moderate 

infra sand < 5 moderate 
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9.9.6 Lithuania 

9.9.6.1 General sensitivity 

Biotope Salinity Sensitivity 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa mix 5-7 moderate 

circa mix 7.5-11 moderate 

circa mud 5-7 moderate 

circa mud 7.5-11 moderate 

circa sand 5-7 moderate 

circa sand 7.5-11 moderate 

infra mix 5-7 moderate 

infra mud 5-7 moderate 

infra sand 5-7 moderate 

9.9.6.2 Sensitivity towards bottom trawling (surface abrasion) 

Biotope Salinity Sensitivity 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa mix 5-7 low 

circa mix 5-7 moderate 

circa mix 7.5-11 low 

circa mud 5-7 moderate 
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Biotope Salinity Sensitivity 

circa mud 7.5-11 moderate 

circa sand 5-7 moderate 

circa sand 7.5-11 moderate 

infra mix 5-7 moderate 

infra mud 5-7 moderate 

infra sand 5-7 moderate 

9.9.7 Poland 

9.9.7.1 General sensitivity 

Biotope Salinity Sensitivity 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa mix 11-18 moderate 

circa mix 5-7 moderate 

circa mix 7.5-11 moderate 

circa mud 11-18 moderate 

circa mud 5-7 moderate 

circa mud 7.5-11 moderate 

circa sand 11-18 moderate 

circa sand 5-7 moderate 

circa sand 7.5-11 moderate 

infra hard 5-7 high 
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Biotope Salinity Sensitivity 

infra hard 7.5-11 high 

infra mix 5-7 moderate 

infra mix 7.5-11 moderate 

infra mix < 5 moderate 

infra mud 5-7 moderate 

infra mud 7.5-11 moderate 

infra mud < 5 moderate 

infra sand 5-7 moderate 

infra sand 7.5-11 moderate 

infra sand < 5 moderate 

9.9.7.2 Sensitivity towards bottom trawling (surface abrasion) 

Biotope Salinity Sensitivity 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa mix 11-18 low 

circa mix 5-7 moderate 

circa mix 5-7 low 

circa mix 7.5-11 low 

circa mix 7.5-11 moderate 

circa mud 11-18 moderate 

circa mud 5-7 moderate 
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Biotope Salinity Sensitivity 

circa mud 7.5-11 moderate 

circa sand 11-18 moderate 

circa sand 5-7 moderate 

circa sand 7.5-11 moderate 

infra hard 5-7 high 

infra hard 7.5-11 high 

infra mix 5-7 moderate 

infra mix 5-7 low 

infra mix 7.5-11 low 

infra mix 7.5-11 moderate 

infra mix < 5 moderate 

infra mud 5-7 moderate 

infra mud 7.5-11 moderate 

infra mud < 5 moderate 

infra sand 5-7 moderate 

infra sand 7.5-11 moderate 

infra sand < 5 moderate 

9.9.8 Sweden 

9.9.8.1 General sensitivity 

Biotope Salinity Sensitivity 

circa hard 11-18 high 
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Biotope Salinity Sensitivity 

circa hard 18-30 high 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa hard < 5 high 

circa hard >30 high 

circa mix 11-18 moderate 

circa mix 18-30 moderate 

circa mix 5-7 moderate 

circa mix 7.5-11 moderate 

circa mix < 5 moderate 

circa mix >30 moderate 

circa mud 11-18 moderate 

circa mud 18-30 moderate 

circa mud 5-7 moderate 

circa mud 7.5-11 moderate 

circa mud < 5 moderate 

circa mud >30 moderate 

circa sand 11-18 moderate 

circa sand 18-30 moderate 

circa sand 5-7 moderate 
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Biotope Salinity Sensitivity 

circa sand 7.5-11 moderate 

circa sand < 5 moderate 

circa sand >30 moderate 

infra hard 11-18 high 

infra hard 18-30 high 

infra hard 5-7 high 

infra hard 7.5-11 high 

infra hard < 5 high 

infra hard >30 high 

infra mix 11-18 moderate 

infra mix 18-30 moderate 

infra mix 5-7 moderate 

infra mix 7.5-11 moderate 

infra mix < 5 moderate 

infra mix >30 moderate 

infra mud 11-18 moderate 

infra mud 18-30 moderate 

infra mud 5-7 moderate 

infra mud 7.5-11 moderate 

infra mud < 5 moderate 
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Biotope Salinity Sensitivity 

infra mud >30 moderate 

infra sand 11-18 moderate 

infra sand 18-30 moderate 

infra sand 5-7 moderate 

infra sand 7.5-11 moderate 

infra sand < 5 moderate 

infra sand >30 moderate 

9.9.8.2 Sensitivity towards bottom trawling (surface abrasion) 

Biotope Salinity Sensitivity 

circa hard 11-18 high 

circa hard 18-30 high 

circa hard 5-7 high 

circa hard 7.5-11 high 

circa hard < 5 low 

circa hard >30 high 

circa mix 11-18 moderate 

circa mix 11-18 low 

circa mix 18-30 high 

circa mix 5-7 moderate 

circa mix 5-7 low 

circa mix 7.5-11 low 
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Biotope Salinity Sensitivity 

circa mix 7.5-11 moderate 

circa mix < 5 low 

circa mix >30 high 

circa mud 11-18 moderate 

circa mud 18-30 high 

circa mud 5-7 moderate 

circa mud 7.5-11 moderate 

circa mud < 5 low 

circa mud >30 high 

circa sand 11-18 moderate 

circa sand 18-30 high 

circa sand 5-7 moderate 

circa sand 7.5-11 moderate 

circa sand < 5 low 

circa sand >30 high 

infra hard 11-18 high 

infra hard 18-30 high 

infra hard 5-7 high 

infra hard 7.5-11 high 

infra hard < 5 low 
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Biotope Salinity Sensitivity 

infra hard >30 high 

infra mix 11-18 low 

infra mix 11-18 high 

infra mix 18-30 high 

infra mix 5-7 low 

infra mix 5-7 moderate 

infra mix 7.5-11 moderate 

infra mix 7.5-11 low 

infra mix < 5 low 

infra mix >30 high 

infra mud 11-18 moderate 

infra mud 11-18 high 

infra mud 18-30 high 

infra mud 5-7 moderate 

infra mud 7.5-11 moderate 

infra mud < 5 low 

infra mud >30 high 

infra sand 11-18 moderate 

infra sand 18-30 high 

infra sand 18-30 moderate 
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Biotope Salinity Sensitivity 

infra sand 5-7 moderate 

infra sand 7.5-11 moderate 

infra sand < 5 low 

infra sand >30 high 
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