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ICES – benthic impact and trade-offs

1. How loss (e.g. MSFD D6C1) and disturbance (e.g. MSFD D6C2) will be assessed in HOLAS III 

2. The availability of data layers and relevant data flows (national and regional scale)

3. Using Baltic Sea Pressure Index map layers in the assessment - Identifying data gaps

4. How to ensure good spatial data layers

5. Data related aspects which need preparation and data streams required

Key questions for EN BENTHIC WS 1-2020
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ICES – benthic impact and trade-offs

Good Environmental Status

The Marine Strategy Framework Directive 
(adopted in 2008) aims to achieve Good 
Environmental Status (GES) of the EU's 
marine waters by 2020 and to protect the 
resource base upon which marine-related 
economic and social activities depend. 

Sea-floor integrity is at a level that ensures 
that the structure and functions of the 
ecosystems are safeguarded and benthic 
ecosystems, in particular, are not adversely 
affected 

Commission Decision 2017/848/EU sets out criteria and 
methodological standards for Good Environmental Status (GES) in 
relation to the eleven MSFD Descriptors. 

The Decision sets out the following criteria to be used for benthic 
habitats:
D6C1 Physical loss (pressure)
D6C2 Physical disturbance (pressure)
D6C3 Adverse effects of physical disturbance on habitats (impact) 
D6C4 Extent of habitat loss (state) 
D6C5 Extent of adverse effects on the condition of a habitat 
(state) 

The two requests together cover D6C1, D6C2 and D6C4.



ICES – translating science into policy 

Scientific Advice
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WKBEDPRES2 – 30 Sept – 2 Oct

ICES – translating science into policy 

EU wide coverage – HELCOM, 
OSPAR, EEA, JRC

Black Sea, Baltic Sea, North East 
Atlantic, Mediterranean

Oversubscribed with 28 
participants



• Produce generic guidance on how to describe human activities that cause 
physical disturbance and/or physical loss to the seabed

• Map out the required data flows across EU regions – from human activities 
to pressures on seabed and impact. Also relative importance in terms of 
seabed impact

• Demonstrate applicability of AIS data, in combination with VMS/log book 
data

• Operational product to demonstrate how to assess D6 C1 C4 and C2

Aims of WKBEDPRES2 (based on WKBEDPRES1 and 
WKBEDLOSS) were to:

ICES – translating science into policy 



AIS versus VMS?

To improve data relating to fishing 
pressure?

AIS data alone to describe fishing 
pressure is fraught with difficulties:
1. lack of gear information,
2. incomplete coverage, 
3. lack of unique vessel identifiers for 

merging with logbook data) 

It is thus not recommended that AIS data 
is used at a regional scale if VMS and 
logbook data are unavailable. 

AIS VMS



Definitions
Physical loss is defined as any human-induced permanent alteration of the physical habitat from which 
recovery is impossible without further human intervention. An alteration of the physical habitat refers to 
a change from one EUNIS level 2 habitat type to another EUNIS level 2 habitat type. Recovery indicates 
the re-establishment of the original natural EUNIS level 2 habitat by means of a human intervention. Two 
types of physical loss are identified:
• Sealed physical loss results from the placement of structures in the marine environment (e.g. wind 

turbines, port infrastructure) and from the introduction of substrates that seal off the seabed (e.g. 
dredge disposal).

• Unsealed physical loss results from changes in physical habitat, either from human activities or from 
the indirect effects of the placement of man-made structures (e.g. aggregate extraction or a structure 
causing changes in water flows, ultimately changing the EUNIS level 2 habitat type).

Physical disturbance is defined as a pressure that disturbs benthic biota but does not permanently change 
the habitat from one EUNIS level 2 habitat type to another EUNIS level 2 habitat type. With sufficient 
time, recovery can be expected without human intervention.
Physical disturbance to physical loss can be regarded as a continuum, where the intensity of a physical 
disturbance may lead, in time, to a permanent change from one EUNIS level 2 habitat type to another and 
hence physical loss.



Operational: how to translate activity to pressure?

To identify the main human activities that disturb the seabed, four pressure subtypes were identified as 
the pathways through which physical loss and physical disturbance operate. These physical pressure 
subtypes were identified by ICES as the only pathways from activities to physical loss or physical 
disturbance. 

1. Abrasion: the scraping of the substrate (e.g. by a trawl door or an anchor). Whilst abrasion could result in the mixing of
sedimentary substrates, any sediment removal is considered a “Removal” pressure subtype. The abrasion pressure subtype can
result in physical loss and/or physical disturbance.

2. Removal: the net transference of substrate away from the seabed resulting from human activities (e.g. either directly by human
activities or indirectly through the modification of hydrodynamics). This pressure subtype can result in physical loss and/or
physical disturbance.

3. Deposition: the movement of sediment and/or particulates to a new position on top of or in existing substrates (e.g. directly by
human activities such as dredge disposal or indirectly through the modification of hydrodynamics). This pressure subtype can
result in physical disturbance.

4. Sealing: the capping of the original substrate with structures (e.g. metal pilings, concrete footings, or blankets) or substrates
(e.g. rock or stone fills, dredge disposal) which in and of themselves change the physical habitat. This pressure subtype can
result in physical loss.



Priority acivities relating to pressure(s)
1. Ranking and priority activities identified for loss and/or disturbance, per ecoregion (Baltic Sea, 

North Sea, Celtic Seas, Mediterranean and Black Sea)
2. Ranking and priority activities identified relating to abration, removal, deposition and sealing -

per ecoregion (Baltic Sea, North Sea, Celtic Seas, Mediterranean and Black Sea)
3. For each priority activity abration, removal, deposition and sealing – pertinent data flows were 

identified  - per ecoregion (Baltic Sea, North Sea, Celtic Seas, Mediterranean and Black Sea)
The ranking approach used for each activity-pressure pathway considered the extent of footprint 
(e.g. from widespread to site-specific), its distribution within this footprint (e.g. the extent of an 
activity within an area of operation), and the severity of effect (severe biomass depletion/ 
impairments to minor biomass reduction/ impairments). 
To define and quantify pressures in a way that allows their use in the assessment of adverse effects 
on seabed habitats, pressures need to be relatable to changes in biological processes, e.g. growth 
and mortality of populations of benthic invertebrates. Hence, intensity of physical disturbance should 
reflect mechanisms through which activities affect benthic ecosystems, and are quantified in ways 
relevant to the subsequent assessment of adverse effects (e.g. swept-area ratio vs. fishing hours, 
gravel extraction spatial extent vs. weight of extracted sediments). This consideration is not needed 
for physical loss because by definition physical loss leads to a complete loss or removal of the natural 
habitat.



Operational: how to translate activity to pressure?

Pressure subtype Main human activities
Abrasion Fishing with mobile bottom-contacting gears
Removal Aggregate extraction (removal of sediment for use elsewhere) and dredging

(removal of sediment to clear/maintain an area)

Deposition Dredge disposal and fishing with mobile bottom-contacting gears
Sealing Placement of permanent structures during a variety of activities (e.g. oil and

gas extraction, renewable energy, harbours and coastal defence,
tourism/recreation, pipelines and cables, wrecks, artificial reefs).



ICES – translating science into policy 

Pressure translating human activities (e.g. different fishing types) 
into a common measure of pressure on the seafloor and its seafloor habitats



Conceptual diagram of data holders and the required 
data flows underpinning the assessment process



Making Data FAIR

Findable: Metadata, searchable

Accessible: data published, doi, licensing

Interoperable: Services, standards, references

Reusable: known quality, documentation
+ Reproducible: re-run with new data/criteria



Generic guidance: WKBEDPRES2 proposed a single assessment 
process to assess both physical loss and physical disturbance of 
the seafloor 



Physical loss (D6 C1, C4) Physical disturbance (D6 C2)

Operational product

Abrasion RemovalSealing

To define and quantify pressures in a way that allows their use in the assessment of adverse effects on seabed habitats, 
pressures need to be relatable to changes in biological processes e.g. growth and mortality of populations of benthic 
invertebrates. Hence, intensity of physical disturbance should reflect mechanisms through which activities affect 
benthic ecosystems, and are quantified in ways relevant to the subsequent assessment of adverse effects (e.g. swept 
area ration vs. fishing hours, gravel extraction spatial extent vs. weight extracted sediments). This consideration is not 
needed for physical loss because by definition physical loss leads to a complete loss or removal of the natural habitat.



ICES – translating science into policy 

Impact evaluating seafloor impact and benthic habitats that are at 
greatest risk from human activities disturbing the seafloor



ICES – benthic impact and trade-offs

North Sea Baltic Sea

Celtic Sea

North Sea
Baltic Sea



taf.ices.dk
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ICES – benthic impact and trade-offs

Cross regional guidance and harmonization

TG SeaBed



Thank you



16 March 2020, HELCOM EN BENTHIC WS 1-2020, online

ICES benthic impact assessment framework 
Grete E. Dinesen

ICES benthic impact assessment framework addresses two broad management 
objectives:
o Protection and conservation of Vulnerable Marine Ecosystems and VME-type sensitive 

habitats, communities and species 
o Define VMEs, map, protect, asses states (non-destructive monitoring)

• Maintain biodiversity and seafloor integrity of wider non-VME-type habitats and 
communities
• Assess pressures, habitat sensitivity, impacts, states, and trade-off scenarios (D6C1-C3)
• Environmental conditions can be integrated in the assessment (D6C4-C5)
• Here demonstrated by the WGFBIT test case for the Baltic Sea Ecoregion 

26



16 March 2020, HELCOM EN BENTHIC WS 1-2020, online

Baltic Sea Ecoregion (BSE) test case

Estimates of fisheries footprint
• Fishing pressure (FP) estimates 

follows method in Eigaard et al. 
(2016)

• FP: annual Swept Area Ratio (SAR) 
by C-square (0.05*0.05 degree)  
(Rees, 2003)

BSE results
• Fishing with mobile bottom-

contacting gears only impacted ~5% 
of the seafloor, at low average 
intensity (~0.1) in 2018

• Mainly in the south-western parts

27

2018



16 March 2020, HELCOM EN BENTHIC WS 1-2020, online

Baltic Sea Ecoregion (BSE) test case
Habitat data
MSFD Broad Habitat Types 

(per C-square) 
EUSeaMAP 2019 (July version)

Fauna biomass data
Gogina et al. (2016) - macrofauna
VV grab or Box corer (2268 sites)

Longevity genus-trait matrix data
EU BENTHIS (Bolam et al. 2017)

28

MSFD broad habitat type Area (km2) Pct
Circalittoral coarse sediment 11098 2.9
Circalittoral mixed sediment 108284 28.7
Circalittoral mud 22803 6.0
Circalittoral mud or Circalittoral sand 52514 13.9
Circalittoral rock and biogenic reef 6406 1.7
Circalittoral sand 32933 8.7
Infralittoral coarse sediment 7501 2.0
Infralittoral mixed sediment 21369 5.7
Infralittoral mud 2354 0.6
Infralittoral mud or Infralittoral sand 3941 1.0
Infralittoral rock and biogenic reef 4110 1.1
Infralittoral sand 25854 6.8
Offshore circalittoral coarse sediment 807 0.2
Offshore circalittoral mixed sediment 19757 5.2
Offshore circalittoral mud 21092 5.6
Offshore circalittoral mud or Offshore circalittoral sand 33869 9.0
Offshore circalittoral rock and biogenic reef 287 0.1
Offshore circalittoral sand 2672 0.7
Na 76 0.0
Total 377652 100.0



16 March 2020, HELCOM EN BENTHIC WS 1-2020, online

ICES benthic impact assessment tool
Habitat sensitivity model
Predict longevity distribution of biomass per site and/or habitat type across large spatial scale  

(based on un-fished reference sites)

29

(Hiddink 2018)

(Denderen 2019) (Rijnsdorp et al. 2018)
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Baltic Sea Ecoregion (BSE) test case
Habitat sensitivity – longevity distribution
Reference state was estimated from sampling locations 
with:
• fishing intensity <0.1 y-1 (period 2012-2016) 

and
• bottom oxygen >3.2mg L-1

Longevity distribution modelled per C-square
• The best model (glmm) included salinity, depth and 

bottom sheer stress

30



16 March 2020, HELCOM EN BENTHIC WS 1-2020, online

ICES benthic impact assessment tool
Impact and State – Population Dynamic (PD) model 

31

d: depletion rates are gear dependant 

r: recovery rates are longevity dependent

(Hiddink et al. 2017)(Pitcher et al. 2017; Hiddink 2018)

Habitat sensitivity = d/r



16 March 2020, HELCOM EN BENTHIC WS 1-2020, online

Baltic Sea Ecoregion (BSE) test case

• Relative Benthic State (RBS) = 1 - (PD) in this test case (thresholds not yet set) D6C2, D6C3, D6C5 
• Adverse effects of physical disturbance and loss to be integrated in the assessment (D6C1, D6C4)

32

MSFD broad habitat type state 2018 fishing impact 2018
Circalittoral coarse sediment 0.997 0.003
Circalittoral mixed sediment 0.996 0.004
Circalittoral mud 0.982 0.018
Circalittoral mud or Circalittoral sand 0.997 0.003
Circalittoral rock and biogenic reef 0.998 0.002
Circalittoral sand 0.980 0.020
Infralittoral coarse sediment 0.996 0.004
Infralittoral mixed sediment 0.997 0.003
Infralittoral mud 0.976 0.024
Infralittoral mud or Infralittoral sand 0.997 0.003
Infralittoral rock and biogenic reef 0.997 0.003
Infralittoral sand 0.980 0.020
Offshore circalittoral coarse sediment 0.996 0.004
Offshore circalittoral mixed sediment 0.965 0.035
Offshore circalittoral mud 0.966 0.034
Offshore circalittoral mud or Offshore circalittoral sand 0.997 0.003
Offshore circalittoral rock and biogenic reef 0.997 0.003
Offshore circalittoral sand 0.939 0.061
Na 0.997 0.003

Depletion rates (OT & DS: 0.06), and longevity 
dependant recovery rates from Hiddink et al. 2017

20182018
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Baltic Sea Ecoregion (BSE) test case
– to be continued
Trade-offs to be assessed (methods under development)
Catch values for 2018 by metiérs (gears: OTB, OTT, PTB, SDN)

DISPLACE tool: Trade-off scenarios by displacement of pressures 

33



16 March 2020, HELCOM EN BENTHIC WS 1-2020, online

Thank you!
The ICES WGFBIT Report 2019 and tests 
of the benthic impact assessment tool for 
different EU ecoregions will be available 
shortly at www.ices.dk

34

http://www.ices.dk/
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Extra slides below

35



16 March 2020, HELCOM EN BENTHIC WS 1-2020, online

From categorical to continuous distribution

Example station A

Example station B

Fit a statistical model to 
predict variation in longevity 

as a function of the 
environment



16 March 2020, HELCOM EN BENTHIC WS 1-2020, online

Statistical model

• We assume that the biomass proportion at each 
station is a sigmoidal (logistic) function of longevity 
(Fig. 3), which starts at 0 and approaches 1 when 
longevity becomes large

• Model specifications: 
– Longevity is log transformed
– Mixed model with binomial distribution
– Mixed model with sampling station as random 

variable (normal distribution)

• Purpose is to predict (extrapolate) longevity for each 
grid cell

(Denderen 2019)
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