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$ßÌÊÜÛÐÝÌɯ2ÜÔÔÈÙà 

 

The aim of this study is to review the existing approaches to assess the impact of fishing -

induced physical disturbance on seabed habitats, and uses the outcome of such a review to 

develop a concept and method to ÊÈÓÊÜÓÈÛÌɯÈɯ×ÐÓÖÛɯȿ$ÜÙÖ×ÌÈÕɯÚÌÈÍÓÖÖÙɯÐÕÛÌÎÙÐÛàɯÈÊÊÖÜÕÛɀ 

(SIA), which is linked to the assessment of marine ecosystem services. The review is almost 

entirely based on the process led by the International Council for the Exploration  of the Seas 

(ICES) to provide guidance on the assessment of the state of seabed habitats, including the 

development and evaluation of indicators for fishing -induced pressure and its impact on 

these habitats. The pilot SIA has been calculated in the North 2ÌÈɯÈÚɯȿ×ÙÖÖÍɯÖÍɯÊÖÕÊÌ×Ûɀȭɯ(ÛɯÐs 

link ed to the assessment of marine ecosystem services and aims at support ing Member States 

and the EU to achieve the 2020 goals on the Mapping and Assessment of Ecosystems and 

their Services (MAES) and the development of accounting systems under Action 5 of Target 

2 of the EU Biodiversity Strategy to 2020 and, in particular, their  post-2020 follow-up.  

 

In the EU, ecosystem accounting is driven by two key policies: the EU Biodiversity Strategy to 

2020 and the 7th EU Environmental Action Programme. They both include specific objectives 

towards protecting ecosystem services and natural capital. According to the MAES process, 

natural capital comprises both ecosystem capital and abiotic natural capital. The former is 

made up of the ecosystems, including the living organisms inhabiting them and their 

biological diversity, which is what m akes ecosystems function and underpins their capacity to 

supply ecosystem services. The latter is made up of the abiotic assets of the planet and their 

flows.  

 

Experimental Ecosystem Accounts (SEEA-$$ ȺɯÈÙÌɯÉÌÐÕÎɯËÌÝÌÓÖ×ÌËɯÈÚɯ×ÈÙÛɯÖÍɯÛÏÌɯȿ2àÚÛÌÔɯÖÍɯ

Environ mental-$ÊÖÕÖÔÐÊɯ  ÊÊÖÜÕÛÐÕÎɀɯ ȹ2$$ Ⱥɯ ÛÖɯ ÚÏÖÞɯ ÏÖÞɯ ÛÖɯ ÔÌÈÚÜÙÌɯthe ecosystem 

components of natural capital. Within SEA -EEA, the key accounting module that applies for 

ÛÏÌɯ×ÐÓÖÛɯ2( ɯÐÚɯÛÏÌɯȿÌÊÖÚàÚÛÌÔɯÊÖÕËÐÛÐÖÕɯÈÊÊÖÜÕÛɀȮɯÞÏÐÊÏɯÐÚɯÊÓÖÚÌÓàɯÙÌÓÈÛÌËɯÛÖɯÛÏÌɯÊÈ×ÈÊÐÛàɯÖf 

ecosystems to supply  ecosystem services. In this study, the SEEA-EEA principles and 

considerations concerning the parameters defining ecosystem condition were interpreted and 

translated into the following requirements for the pilot SIA , which should :  

 

¶ Support policies with meaningful, objective and verifiable data , which are able to show 

degradation and/or recovery at policy -relevant time -scales. 

In relation to the seabed, the EU Marine Strategy Framework Directive (MSFD) requires 

ȿ&ÖÖËɯ$ÕÝÐÙÖÕÔÌÕÛÈÓɯ2ÛÈÛÜÚɀɯȹ&$2ȺɯÛÖɯÉÌɯÈÊÏÐÌÝÌË for benthic habitats (as part of the 

ȿ!ÐÖËÐÝÌÙÚÐÛàɀɯ#ÌÚÊÙÐ×ÛÖÙɯƕȺɯÈÕËɯȿ2ÌÈ-ÍÓÖÖÙɯÐÕÛÌÎÙÐÛàɀɯȹ#ÌÚÊÙÐ×ÛÖÙɯƚȺȭɯ ÊÊÖÙËÐÕÎɯÛÖɯÛÏÌɯ,2%#Ȯɯ

ÚÌÈÍÓÖÖÙɯÐÕÛÌÎÙÐÛàɯÙÌ×ÙÌÚÌÕÛÚɯÈɯÚÛÈÛÌɯÖÍɯÚÌÈÉÌËɯÏÈÉÐÛÈÛÚɯɁÞÏÌÙÌɯÚÛÙÜÊÛÜÙÌɯÈÕËɯÍÜÕÊÛÐÖÕÚɯÖÍɯ

the bÌÕÛÏÐÊɯÌÊÖÚàÚÛÌÔɯÐÚɯÕÖÛɯÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂȭɯ3ÏÌɯÊÙÐÛÌÙÐÈɯput forward by the MSFD to  

ÈÚÚÌÚÚɯȿ2ÌÈ-ÍÓÖÖÙɯÐÕÛÌÎÙÐÛàɀɯÊÖÝÌÙɯÛÏÌɯɁÚÛÈÛÌɂȮɯɁ×ÙÌÚÚÜÙÌɂɯÈÕËɯɁÐÔ×ÈÊÛɂɯ×ÌÙÚ×ÌÊÛÐÝÌÚɯÈÚɯÛÏÌÚÌɯ

describe the overall status of each benthic habitat in terms of the proportion of the natural 

extent of the seafloor and its benthic broad habitat types that is, or not, impacted by the 

main anthropogenic pressures upon them: physical loss and physical disturbance. Linked 

to these perspectives, the pilot SIA reflects annual changes in the state of seabed habitats 
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based on a fishing-induced degradation (here depletion)  and a habitat-specific recovery of 

the benthic invertebrate community.  

 

¶ Be tightly linked to the ecosystem capacity to supply of ecosystem services  

Following the Comm on International Classification of Ecosystem Services (CICES), we 

distinguish between provisioning services, regulation and maintenance services, and 

cultural services. The regulation and maintenance services are probably the most relevant 

for the pilot SI A because they have strong links to the benthic invertebrate community  on 

which the account is based. These benthic invertebrate biota are involved in ecosystem 

processes and function such as bioturbation, nutrient cycling, reproductive output, 

secondary production, and so contribute to the ecosystem capacity to supply regulation 

and maintenance services such as Bioremediation; Filtration/  sequestration/ storage/ 

accumulation;  Decomposition and fixing processes; and Maintaining nursery populations 

and habitats. 

 

¶ Represent ecosystem health and/or its degradation, which is linked  to ÛÏÌɯÌÊÖÚàÚÛÌÔɀÚɯ

capability to achieve its fullest potential for service supply and is closely related to 

ecological integrity  (or lack of thereof) . Ecosystem health should be expressed in 

physical units - possibly relative to some reference condition benchmark, e.g. no 

disturbance by human activities  

As can be derived from the MSFD, seafloor integrity represents the health of seabed 

habitats and is expressed both in terms of structure and functioning , which are both tied 

to  the (ecosystem capacity to) supply of ecosystem services. An appropriate method for 

the calculation of the pilot SIA should specifically cover the biotic part ( here only the 

benthic invertebrate community , thus excluding plants  and algae, due to the calculation 

method selected) as this is part of the ecosystem capital and can supply ecosystem services. 

The selected method to assess the state of seabed habitats impacted by the fishing pressure 

ȿ×ÏàÚÐÊÈÓɯËÐÚÛÜÙÉÈÕÊÌɀɯÊÈÓÊÜÓÈÛÌÚɯÛÏÌɯÉÐÖÔÈÚÚɯÖÍɯÛÏÌɯbenthic invertebrate community 

relative to an undisturbed situation. This metric is considered  a proxy for seafloor integrity 

and represents the asset on which the pilot SIA is based. From the condition aspects 

mentioned in the SEEA-EEA, the pilot SIA is most appropriate to cover the biodiversity 

aspect as, in an MSFD context, it is linked to the b iodiversity of benthic habitats. In order 

to strengthen the link to biodiversity , the selected method allows the calculation of the 

metric for specific subsets of the benthic invertebrate community  such as those differ ing in 

their sensitivity to fishing -induced physical disturbance. In this study those subsets were 

distinguished based on their longevity  

 

¶ Reflect the impacts of (the main) human activities on the capacity of ecosystems to 

supply ecosystem services and, primarily , be able to inform on the performance of 

(fisheries) management to mitigate impacts  from fishing -induced physical disturbance 

in order to conserve marine (benthic habitat) biodiversity.  

Commercial fishing is considered the main human activity impacting on  the state of the 

benthic invertebrate community . This community  contributes to the capacity of seabed 

habitats to supply most of the regulation and maintenance and many of the cultural marine 

ecosystem services. The figure below shows the asset of the pilot SIA representing the 

capacity of the benthic invertebrate community to supply ecosystem services which is the 

result of an inflow (into it), i.e. its generation, based on various natural processes, and an 
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outflow, i.e. its depletion, caused by the human  activity, i.e. fishing, that generates the 

physical disturbance. The selected method calculates the flows based on, respectively, the 

characteristics of the EUNIS-3 habitat in terms of the composition of the benthic 

invertebrate community (which determin es its potential to recover from the pressure) and 

the information of gear -specific fishing intensity. This allows the annual calculation of the 

SIA to reflect any management intervention that mitigates the fishing intensity a nd/or its 

spatial distribution . 

 

The selection of the most appropriate method to calculate the pilot SIA was based on an ICES-

led review process resulting in the selection of a method: 

¶ that is mechanistic based on a logistic growth model , thereby allowing to show year -

to-year changes and hence time-series 

¶ includes sensitivity aspects of the benthic invertebrate community allowing the 

explicit consideration of both their depletion (representing resistance) and recovery 

(representing resilience) aspects. The parametrisation of the deplet ion and recovery 

aspects is based on a recent global meta-analysis. 

¶ calculates a metric (biomass relative to undisturbed conditions) sufficiently 

representative of the amount of functioning still remaining in the benthic invertebrate 

community  

 

As the result of these calculations the pilot SIA accounting table below shows a slight increase 

in the benthic invertebrate community , and so in the ÙÌÓÌÝÈÕÛɯ-ÖÙÛÏɯ2ÌÈɯÚÌÈÉÌËɯÏÈÉÐÛÈÛÚɀɯ

capacity to supply ecosystem services, relative to an undisturbed situation ( 100%), both for the 

whole benthic invertebrate community and for each longevity class over 2009-2016. The 
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capacity of the most sensitive part of the benthic invertebrate community , i.e. longevity class 

>10 year, is compromised more (at approximately 73%) and recovers slower than the least 

sensitive part of 0-1 year which is at approximately 94%. 
 

Longevity Class 2009 2010 2011 2012 2013 2014 2015 2016 

0-1 year 92.2 93.6 94.2 94.6 94.8 94.9 94.9 95.1 

1-3 years 88.9 89.8 90.3 90.6 91.0 91.1 91.3 91.5 

3-10 years 80.9 81.0 81.2 81.4 81.7 81.8 82.0 82.2 

>10 years 72.8 72.8 72.9 72.9 73.1 73.1 73.3 73.3 

Whole Community  80.6 80.8 81.1 81.3 81.5 81.6 81.8 82.0 

 

The spatial distribution of the SIA asset (figure below) shows areas with relatively low values 

in the SE and NW North Sea and a large patch of higher SIA in the central North Sea. 

 

The development and calculation of this pilot SIA has provided an account that:  

¶ is representative of the state of seabed habitats from the impacts of fishing-induced 

physical disturbance 

¶ reflects the capacity to supply certain ecosystem services 

¶ is useful to inform policy on the performance of management actions  to mitigate fishing 

impacts  
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The limitations of the pilot SIA include that  

¶ it only assesses the state of a selection of seabed habitats with soft substrate based on 

the state of the benthic invertebrate community therein (hence excluding plants and 

algae). However, at least in this region, invertebrate fauna dominate s the relevant soft-

substrate habitats and plants and algae can be assumed to be inconsequential. 

¶ it only reflects how these habitats are impacted by physical disturbance thus ignoring 

physical loss. It is likely, however, that both the structure and functioning of the 

relevant benthic habitats are primarily impacted  by physical disturbance. 

¶ this impact is caused by only one (albeit the most important) anthropogenic activity, 

i.e. commercial fisheries.  
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1 (ÕÛÙÖËÜÊÛÐÖÕ 

The aim of this study is two -fold:  

1.       Review of existing approaches and development and description of a concept and 

method to assess the state of seabed habitats from fishing pressure:   

i. Review of existing approaches (ICES Report of the Workshop on guidance on how 

pressure maps of fishing intensity contribute to an assessment of the state of seabed 

habitats (WKFBI), the revision of MSFD D6 and OSPAR BH3 indicator) and their 

applicability to assess the state of seabed habitats from fishing pressure. 

ii.  Development and description of a (concept and) method t o assess the state of seabed 

habitats from fishing pressure. This involves:  

a.       the identification of data requirements and the assessment of their availability, 

including spatial and temporal coverage;  

b.      a consideration of potential policy -relevant impact thresholds ;  

c.       establishing links to/ensuring compatibility between the concept here and that 

underpinning the spatial and multi -metric indicator tool approaches for the 

assessment of cumulative impacts and pressures to be developed under 

ETC/ICM Task 1.6.2.d (pressure and impact assessment building on the 2016 

Task 1.6.1.g).   

2.       Applying the method to assess the state of seabed habitats to the concept for developing 

a pilot ȿ$ÜÙÖ×ÌÈÕɯÚÌÈÍÓÖÖÙɯÐÕÛÌÎÙÐÛàɯÈÊÊÖÜÕÛɀ 

i. Consideration of how the method to assess the state of seabed habitats (from fishing 

pressure) matches the ecosystem accounting concept with the aim to develop and 

calculate a pilot ȿ$ÜÙÖ×ÌÈÕɯÚÌÈÍÓÖÖÙɯÐÕÛÌÎÙÐÛàɯÈÊÊÖÜÕÛɀɯÐÕɯƖƔƕƜȰ 

ii.  Description of the process towards the development of a pilot ȿ$ÜÙÖ×ÌÈÕɯÚÌÈÍÓÖÖÙɯ

ÐÕÛÌÎÙÐÛàɯÈÊÊÖÜÕÛɀɯÈÚɯ×ÈÙÛɯÖÍɯËÌÝÌÓÖ×ÐÕÎɯÈÕɯÐÕÛÌÎÙÈÛÌËɯ$4ɯÌÊÖÚàÚÛÌÔɯÈÊÊÖÜÕÛÐÕÎɯ

system.  

 

This work aims at supporting Member States and the EU achieving the 2020 goals on the 

Mapping and Assessment of Ecosystems and their Services (MAES) and the development of 

accounting systems under Acti on 5 of Target 2 of the EU Biodiversity Strategy to 2020 and, in 

particular, their post -2020 follow-up, as well as the implementation of the Marine Strategy 

Framework Directive and the Maritime Spatial Planning Directive.  

 

In the following sections we introduce the topics that are at the basis for the calculation of the 

×ÐÓÖÛɯȿ$ÜÙÖ×ÌÈÕɯÚÌÈÍÓÖÖÙɯÐÕÛÌÎÙÐÛàɯÈÊÊÖÜÕÛɀ (SIA), i.e. the policy context (section 1.1), the review 

process of existing methods to assess fishing impact on seabed habitats (section 1.2) and the 

concept of ecosystem accounting (section 1.3). This information is then synthesized into our 

approach to calculate the pilot ȿ$ÜÙÖ×ÌÈÕɯÚÌÈÍÓÖÖÙɯÐÕÛÌÎÙÐÛàɯÈÊÊÖÜÕÛɀ (in section 1.4). 

 

1.1 Policy context: ɀ&ood Environmental Statusɀ of seabed habitats 

In relation to the seabed, the EU Marine Strategy Framework Directive ( MSFD) (EC, 2008) 

requires ȿ&ood Environmental Statusɀ (GES) to be achieved as follows: 
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#ÌÚÊÙÐ×ÛÖÙɯƕȯɯ!ÐÖÓÖÎÐÊÈÓɯËÐÝÌÙÚÐÛàɯÐÚɯÔÈÐÕÛÈÐÕÌËȭɯ3ÏÌɯØÜÈÓÐÛàɯÈÕËɯÖÊÊÜÙÙÌÕÊÌɯÖÍɯÏÈÉÐÛÈÛÚɯȻȱȭȭȼɯÈÙÌɯÐÕɯÓÐÕÌɯ

with prevailing physiographic, geographic and climatic conditions. 

Descriptor 6: 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. 

Other GES Descriptors, including Descriptor 2 (ȿ-on-indigenous speciesɀ), Descriptor 3 

(ȿ"ommercially -important fish and shellfish ɀ), Descriptor 5 (ȿ$utrophication ɀ), Descriptor 7 

(ȿhydrographical conditions ɀ), Descriptor 8 (ȿcontaminantsɀ) and Descriptor 10 (ȿ+itterɀ), also 

address aspects of seabed quality but will not be considered in this study.  

Commission Decision (EC, 2017) sets out criteria and methodological standards defining GES 

in relation to the eleven MSFD Descriptors. Benthic habitats (ÈÚɯ ×ÈÙÛɯ ÖÍɯ ȿ!ÐÖËÐÝÌÙÚÐÛàɀɯ

Descriptor 1) and ȿ2ea-floor integrity ɀ (Descriptor 6) are to be addressed together via a set of 

benthic broad habitat types, which correspond to the benthic habitat types in the Level 2 of the 

EUNIS habitat classification as revised in 20161 (see Evans (2016); Condé (2018)). According to 

the MSFD, seafloor integrity represeÕÛÚɯÈɯÚÛÈÛÌɯÖÍɯÚÌÈÉÌËɯÏÈÉÐÛÈÛÚɯɁÞÏÌÙÌɯÚÛÙÜÊÛÜÙÌɯÈÕËɯ

ÍÜÕÊÛÐÖÕÚɯÖÍɯÛÏÌɯÉÌÕÛÏÐÊɯÌÊÖÚàÚÛÌÔɯÐÚɯÕÖÛɯÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂȭɯThe criteria to be used to assess 

ȿ2ÌÈ-ÍÓÖÖÙɯÐÕÛÌÎÙÐÛàɀɯare shown in Box 1.1.  Out of those five criteria, #ƚ"Ɨɯ×ÙÖÝÐËÌÚɯÈÕɯɁÐÔ×ÈÊÛɂɯ

perspective describing seafloor integrity in terms of what is impacted  (e.g. adversely affected) 

ÉàɯÛÏÌɯ×ÙÌÚÚÜÙÌÚɯȿ×ÏàÚÐÊÈÓɯÓÖÚÚɀɯȹ#ƚ"ƕȺɯÈÕËɯȿ×ÏàÚÐÊÈÓɯËÐÚÛÜÙÉÈÕÊÌɀɯȹ#ƚ"ƖȺȮɯÞÏÐÓÚÛɯÊÙÐÛÌÙÐÈɯ#ƚ"Ƙɯ

ÈÕËɯ#ƚ"ƙɯ×ÙÖÝÐËÌɯÈɯɁÚÛÈÛÌɂɯ×ÌÙÚ×ÌÊÛÐve, which  describes the overall status of each benthic 

habitat in terms of the proportion of the natural extent of the seafloor and its benthic broad 

habitat types that is not lost (D6C4) or adversely affected (D6C5) by all anthropogenic 

pressures. D6C4 and D6C5, therefore, apply to both Descriptor 6 , which is specifically about 

seafloor integrity,  and the benthic habitats under Descriptor 1 (Biodiversity).  This is actually 

Ú×ÌÊÐÍÐÌËɯ ÜÕËÌÙɯÛÏÌɯ ȿ!ÌÕÛÏÐÊɯÏÈÉÐÛÈÛÚɀɯ ÛÏÌÔÌɀÚɯȿSpecifications and standardised methods for 

ÔÖÕÐÛÖÙÐÕÎɯÈÕËɯÈÚÚÌÚÚÔÌÕÛɯÙÌÓÈÛÐÕÎɯÛÖɯÛÏÌÔÌɯȿ!ÌÕÛÏÐÊɯÏÈÉÐÛÈÛÚɀɀ in EC (2017). 

                                                           
1 Habitat definitions and lower levels of the marine component of the EUNIS habitat classification are also 

undergoing a revision to be completed at the end of 2018 
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Box 1.1: Excerpt from the revised MSFD criteria and methodological standards defining 

ȿÎÖÖËɯÌÕÝÐÙÖÕÔÌÕÛÈÓɯÚÛÈÛÜÚɀɯÍÖÙɯ#ÌÚÊÙÐ×ÛÖÙɯƚɯÖÕɯȿ2ÌÈÍÓÖÖÙɯÐÕÛÌÎÙÐÛàɀɯ(EC, 2017) stating the 

relevant policy objectives relating to seabed habitats and how these are impacted by human 

activities.  
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In the above context, the term ȿhabitatɀ could have two distinct meanings: 

¶ firstly, to refer to the environment used and occupied by a single species (termed 

'habitat of a species' under Directive 92/43/EEC); in this case, the nature and spatial 

scale of the habitat can vary markedly according to the particular needs of the species 

across all stages of its life history (e.g. a seal or bird may need breeding, resting  or 

feeding, as well as migratory areas which are very different in nature and location; 

some invertebrate species have a pelagic juvenile phase and a benthic adult phase); 

¶ secondly, to refer to particular areas which are characterized by specific communities 

of species (i.e. a multi-species concept of habitat); in this case the habitat comprises 

particular biotic and abiotic characteristics ( and is often referred to as a biotope and 

termed 'natural habitats' under Directive  92/43/EEC), which make it distinguishable 

from surrounding habitat types. In contrast to the habitat of a single species, this use 

of the term habitat refers to something that is more uniform in its character, leading to 

the definition and classification of habitat types and the ability to produce maps of 

habitats. The EUNIS habitat classification provides a Europe-wide classification of 

marine (and terrestrial) habitats , sensu biotopes, in a 6-level (5-level for terrestrial) 

hierarchical system. 

 

The criteria for D6 in the GES 2017 Decision refer to 'broad' and 'other' habitat types, in the 

sense of the second meaning of ȿhabitatɀ above, i.e. biotope. This second meaning ÖÍɯȿÏÈÉÐÛÈÛɀɯ

is, therefore, also adopted for this study . Thus, the benthic habitats addressed under the MSFD 

GES D1/D6 encompass both: 

¶ biotic characteristics ɬ the typical species composition and their relative abundance 

within the community;  

¶ abiotic characteristics ɬ the type of substrate, its topography and depth ran ge and 

typical characteristics of the water above it, including its temperature, salinity, 

oxygenation, turbidity, wave and current regimes.  

 

Notably the biotic  characteristics are expected to change due to the impacts from 

anthropogenic pressures causing them to depart from the undisturbed situation (i.e. the 

reference conditions). The two relevant pressures that are specifically mentioned in this MSFD 

GES D1/D6 context (see Box 1.1) are:  

¶ Physical loss shall be understood as a permanent change to the seabed which has lasted 

or is expected to last for a period of two reporting cycles (12 years) or more. 

¶ Physical disturbance to seabed shall be understood as a change to the seabed from which 

it can recover if the activity causing the disturbance pressure ceases.  

Additionally, i n an MSFD context, physical disturbance is interpreted as encompassing more 

Ú×ÌÊÐÍÐÊɯ×ÙÌÚÚÜÙÌÚɯÚÜÊÏɯÈÚɯɁÈÉÙÈÚÐÖÕɂɯÈÕËɯɁÊÏÈÕÎÌÚɯÐÕɯÚÐÓÛÈÛÐÖÕɂɯȹ$"ȮɯƖƔƔƜȺɯÈÍÍÌÊÛÐÕÎɯÛÏÌɯ

×ÏàÚÐÊÈÓɯÏÈÉÐÛÈÛɯÉÜÛɯÈÓÚÖɯɁËÌÈÛÏɯÖÙɯÐÕÑÜÙàɯÉàɯÊÖÓÓÐÚÐÖÕɂȮɯÞÏÐÊÏɯÔÈy affect the associated benthic 

ÐÕÝÌÙÛÌÉÙÈÛÌÚɯÉÜÛɯÐÚɯÜÚÜÈÓÓàɯÊÖÕÚÐËÌÙÌËɯÜÕËÌÙɯɁÖÛÏÌÙɯ×ÏàÚÐÊÈÓɯËÐÚÛÜÙÉÈÕÊÌɂɯ(OSPAR, 2014). In 

ÛÏÐÚɯÚÛÜËàȮɯÈÓÓɯÛÏÌÚÌɯÚ×ÌÊÐÍÐÊɯ×ÙÌÚÚÜÙÌÚɯÈÙÌɯÐÕÊÓÜËÌËɯÐÕɯÛÏÌɯÈÎÎÙÌÎÈÛÌɯ×ÙÌÚÚÜÙÌɯɁ×ÏàÚÐÊÈÓɯ

ËÐÚÛÜÙÉÈÕÊÌɂȭ In contrast, physical loss is linked to sealing by man-made structures or solid 

waste disposal. 
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It follows that, in order to be policy -relevant, the pilot SIA should:  

¶ Capture an aspect of the state of seabed habitats that is tightly linked to the structure 

and functioning of the benthic ecosystem. This implies capturing the biotic 

characteristics of the benthic ecosystem, i.e. the typical species composition and their 

relative abundance within the benthic community;  

¶ Reflect how the biotic characteristics of the benthic ecosystem may be impacted by two 

pressures, i.e. physical loss and physical disturbance. 

¶ Reflect how the impacts from any one of those pressures can cause the biotic 

characteristics of the benthic ecosystem to depart from an undisturbed situation.  

 

%ÖÓÓÖÞÐÕÎɯÍÙÖÔɯÛÏÌɯËÌÍÐÕÐÛÐÖÕɯÖÍɯȿ×ÏàÚÐÊÈÓɯÓÖÚÚɀȮɯÞÏÐÊÏɯÐÚɯÜÕËÌÙÚÛÖÖËɯÈÚɯÈɯ×ÌÙÔÈÕÌÕÛɯÊÏÈÕÎÌȮɯ

we should consider seabed habitats impacted by physical loss separate from those impacted 

by physical disturbance as only the latter can recover (i.e. within the policy -relevant 

timeframes, see also section 1.4Ⱥȭɯ 3ÏÌɯ ɁÌßÛÌÕÛɯ ÖÍɯ ÓÖÚÚɯ ÖÍɯ ÛÏÌɯ ÏÈÉÐÛÈÛɯ ÙÌÚÜÓÛÐÕÎɯ ÍÙÖÔɯ

anthropogenic pressurÌÚɂɯȹÚÌÌɯ!ÖßɯƕȭƕȺɯÐÚȮɯÛÏÜÚȮɯÐÕÛÌÙ×ÙÌÛÌËɯÈÚɯÛÏÌɯ×ÙÖ×ÖÙÛÐÖÕɯÖÍɯÛÏÌɯÚÌÈÍÓÖÖÙɯ

not contributing to the functioning of seabed habitats. Because physical disturbance does allow 

part of the functioning to remain intact and some recovery when the pressure subsides, the 

focus of this study will be on this pressure  (see also sections 1.4 and 4.1). 

In distinguishing  between the two pressures, i.e. physical loss and physical disturbance, the 

EC-MSCG (2018), i.e. the Group coordinating EU-level efforts for the implementation of the 

MSFD, has stated ÛÏÈÛɯɁ%ÜÙÛÏÌÙɯÛÌÊÏÕÐcal work is needed to provide operational definitions of 

ÛÏÌÚÌɯÛÞÖɯÛÌÙÔÚȮɯÐÕÊÓÜËÐÕÎɯÞÏÐÊÏɯÈÊÛÐÝÐÛÐÌÚɯÊÈÕɯÓÌÈËɯÛÖɯÌÈÊÏɯ×ÙÌÚÚÜÙÌɯÖÙɯÛÖɯÉÖÛÏɯ×ÙÌÚÚÜÙÌÚɂȭɯIn 

anticipation of such an operational definition , for the development and calculation of the pilot 

SIA we have decided to focus on a single activity for which a method exists to quantify its 

main pressure affecting the seafloor, i.e. physical disturbance of seabed habitats by commercial 

fishing  (see section 1.2). The existing method assesses the state of the invertebrate fauna within 

the benthic community because it covers a certain range of seabed habitats (see chapters 3 and 

4). As a result, the SIA is calculated on a subset of the benthic community, i.e. the benthic 

invertebrate community, thus excluding plants and algae (see chapter 4).  

 

1.2 The review of methods to assess fishing impact on seabed habitats  

In search of a single activity for which a method exists to quantify fishing -induced physical 

disturbance of seabed habitats, we have review ed the existing approaches to assess the state 

of these habitats in relation to the impact caused by the main fishing -induced pressure, i.e. 

physical disturbance. This review is almost entirely based on the ICES-led process to provide 

guidance on how pressure maps of fishing intensity contribute to an assessment of the state of 

seabed habitats, including the development and evaluation of regional benthic pressure and 

impact indicator(s) from bottom fishing. This process consisted of various workshops,  namely 

WKFBI (ICES, 2016b), WKBENTH (ICES, 2017d), WKSTAKE (ICES, 2017c), WKTRADE (ICES, 

2017b) and a reviewing process by WGECO and two Advice Drafting Groups , which resulted 
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in an ICES advice sheet (see Annex 1).  Chapters 2 and 3 introduce the various approaches and 

finish with a review of these approaches. 

 

In line with the criteria and methodological standards  defining the MSFD D6 on ȿSeafloor 

Integrityɀ (EC, 2017) in Box 1.1, we distinguish between:  

¶ the method to estimate fishing pressure (chapter 2)  

¶ the method to assess the state of broad scale seabed habitats and how this is impacted 

by fishing pressure (chapter 3) 

 

Fishing impact is assumed here to be determined by the interaction between fishing -induced 

physical disturbance from bottom -contacting fishing gears, and the sensitivity of the biotic 

element of the relevant broad-scale seabed habitats, in this case the benthic invertebrate 

community . Therefore, we consider the method to calculate fishing-induced physical 

disturbance separate from the method to calculate its impact on seabed habitats. As seafloor 

ÐÕÛÌÎÙÐÛàɯÙÌ×ÙÌÚÌÕÛÚɯÈɯÚÛÈÛÌɯÖÍɯÚÌÈÉÌËɯÏÈÉÐÛÈÛÚɯɁwhere structure and functions of the benthic 

ÌÊÖÚàÚÛÌÔɯÐÚɯÕÖÛɯÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂɯȹsection 1.1), the pilot SIA should re flect the amount of 

benthic ecosystem structure and functioning  as represented by the biomass of the benthic 

invertebrate community . The undisturbed  situation is chosen as the reference where 

ecosystem structure and functioning are assumed to be optimal. The impact of fishing-induced 

physical disturbance then results in a decrease of the benthic invertebrate community  biomass. 

The biomass that remains after this impact is what drives the functioning and , thus, what 

constitutes the pilot SIA  (see section 1.4). 

 

As the policy requirements (MSFD) pertaining to the state of the seafloor all involve the extent 

of the seafloor, or specific habitats affected by physical disturbance (and physical loss), all 

methods are based on a division of the seafloor into grid cells with specific spatial resolution. 

In addition , some other metric is required that describes the degree to which the seafloor is 

disturbed , together with a  threshold that determines whether it is, thus, ɁÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂ 

by this disturbance or not. The latter,  in turn , relates, and could be linked , to the policy 

ÖÉÑÌÊÛÐÝÌɯÖÍɯɁ&ÖÖËɯ$ÕÝÐÙÖÕÔÌÕÛÈÓɯ2ÛÈÛÜÚɂ (GES) for D6; where only if the seafloor is adversely 

affected (and for which such a  threshold would be  required) , does it count/contribute to the 

ȿextentɀ reflected in D6C3 and D6C5 as those criteria measure the extent of habitats that are 

adversely affected by physical disturbance (Box 1.1). However, as there are currently no 

known thresholds determining what is  ɁÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂ, this link will not be pursued any 

further in the development of the pilot SIA.   
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1.3 Ecosystem accounting 

1.3.1 Background information  

The need for preserving the environment and for managing natural resources and ecosystems 

sustainably has been recognised for several decades (MA, 2005). This has given traction to the 

×ÙÖ×ÖÚÈÓɯ Éàɯ ÌÕÝÐÙÖÕÔÌÕÛÈÓɯ ÌÊÖÕÖÔÐÚÛÚɯ ÈÕËɯ ÌÊÖÓÖÎÐÚÛÚɯ ÛÏÈÛɯ ÞÌɯ ÚÏÖÜÓËɯ ÊÖÕÚÐËÌÙɯ ÌÈÙÛÏɀÚɯ

ÌÊÖÚàÚÛÌÔÚɯÈÚɯÈɯÛà×ÌɯÖÍɯȿÕÈÛÜÙÈÓɯÊÈ×ÐÛÈÓɀɯ×ÙÖÝÐËÐÕÎɯÍÓÖÞÚɯÖÍɯÌÊÖÚàÚÛÌÔɯÚÌÙÝÐÊÌÚ, which needs 

to be managed well to be able to provide people with sustain ed flows of these services into the 

future (EEA, 2018 in prep).   

In the EU, the concept of ecosystem accounting is driven by two key policies: the EU 

Biodiversity Strategy to 2020 (European Commission, 2011) and the 7th EU Environmental 

Action Programme (7 th EAP) (European Commission, 2014). They both include specific 

objectives towards protecting ecosystem services and natural capital. The EU Biodiversity 

Strategy to 2020, in particular, requires, under Action 5 of its Target 2, the Mapping and 

Assessment of Ecosystems and their Services (MAES) and the development of accounting 

systems.  

The following quotes illustrate well the longer -term visions set out in the above-mentioned 

EU policies with regard to natural capital and its links to economic de velopment and human 

well -being: 

Ɂ!àɯƖƔƙƔȮɯ$ÜÙÖ×ÌÈÕɯ4ÕÐÖÕɯbiodiversity  and the ecosystem services it provides ɭ its natural capital 

ɭ are protected, valued and appropriately restored for biodiversity's intrinsic value and for their 

essential contribution to human wellbeing and economic prosperity, and so that catastrophic changes 

caused by thÌɯÓÖÚÚɯÖÍɯÉÐÖËÐÝÌÙÚÐÛàɯÈÙÌɯÈÝÖÐËÌËȭɂ 

Source: Our life insurance, our natural capital - an EU Biodiversity Strategy to 2020 

 

Ɂ(ÕɯƖƔƙƔȮɯwe live well, within the planet's ecological limits . Our prosperity and healthy 

environment stem from an innovative, circular economy where nothing is wasted and where natural 

resources are managed sustainably, and biodiversity is protected, valued and restored in ways that 

enhance our society's resilience. Our low-carbon growth has long been decoupled from resource use, 

settÐÕÎɯÛÏÌɯ×ÈÊÌɯÍÖÙɯÈɯÎÓÖÉÈÓɯÚÈÍÌɯÈÕËɯÚÜÚÛÈÐÕÈÉÓÌɯÚÖÊÐÌÛàȭɂ 

Source: 7th Environmental Action Programme  

 

To help build the knowledge base for achieving these policy objectives, several shared projects 

were set up at EU level, including one to develop an integrated system for natural capital and 

ecosystem services accounting (KIP INCA). To note, however, that these policies as well as 

*(/ɯ(-" ɯÜÚÌɯÛÏÌɯÛÌÙÔɯɁÕÈÛÜÙÈÓɯÊÈ×ÐÛÈÓɁɯÛÖɯÙÌ×ÙÌÚÌÕÛɯÖÕÓàɯÌÊÖÚàÚÛÌÔÚɯÈÕËɯÛÏÌÐÙɯÚÌÙÝÐÊÌÚȮɯÐȭÌȭɯ

the core subject of ecosystem accounting as codified in the UN handbook on experimental 
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ecosystem accounting (SEEA EEA), rather than also including the abiotic constituents of 

natural capital as defined in Maes (2013) (see Figure 1.1). 

Thus, natural capital comprises both ecosystem capital and abiotic natural capital. The former 

is made up of the ecosystems, including the living organisms inhabiting them and their 

biological diversity, which is what makes ecosystems function  and underpins their capacity to 

supply ecosystem services. The latter is made up of the abiotic assets of the planet and their 

flows. Either one, or both kinds of natur al capital, provide people with exploitable and other 

resources and contributions to their lives,  such as fossil fuels, minerals, fish, genes and 

atmospheric oxygen in the case of marine natural capital, and, thus, generate a flow of benefits 

via these ecosystem services and/or abiotic outputs.  

Following the Common International Classification of Ecosystem Services (CICES), we 

distinguish between provisioning ecosystem services, regulation and maintenance ecosystem 

services, and cultural ecosystem services. As opposed to the provisioning services, the other 

two service categories are not linked specifically to marine biota and their outputs/materials 

that can be exchanged, or traded, or consumed, or used by people in, e.g., manufacturing (see 

(Haines-Young, 2013)). And from these other two categories of services, the regulation and 

maintenance services are probably the most relevant for the pilot SIA  because they have strong 

links to the benthic invertebrate communit y. These benthic biota are involved in ecosystem 

processes and function such as bioturbation, nutrient cycling, reproductive output, secondary 

production , and so contribute to the ecosystem capacity to supply services such as 

Bioremediation ; Filtration/  sequestration/ storage/ accumulation; Decomposition and fixing 

processes; and Maintaining nursery populations and habitats ; which belong to the regulation 

and maintenance category2 ÈÕËɯÊÈÕɯÈÓÓɯÉÌɯȿÍÐÕÈÓɀɯÌÊÖÚàÚÛÌÔɯÚÌÙÝÐÊÌÚɯwithin certain contexts. 

Examples of cultural ecosystem services underpinned by benthic invertebrate biota are 

Scientific and Educational (see ETC/ICM (2019 in prep.)). 

                                                           
2 Note this work started in 2017 and so we use version 4.3 of CICES, although this was revised and an 

updated version 5.1 was released in early 2018 (see https://cices.eu/) 

https://cices.eu/
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Figure 1.1: Components of natural capital (from (EEA, 2018 in prep), which updates it from 

Maes et al, 2013 . 

 

Accounting is an approach to structuring information t hat aims to provide an overview of , for 

example, income and expenses, and which gives complete and consistent results. This 

principle also underpins the System of National Accounts (SNA) , which  develops information 

ÖÕɯÊÖÜÕÛÙÐÌÚɀɯÎÙÖÚÚɯËÖÔÌÚÛÐÊɯ×ÙÖËÜÊÛɯȹ&#/). This is a key figure for assessing economic 

progress and helps to understand the economic wealth of a nation. However, the wealth of a 

nation and the well -being of its people does not depend solely on the state of the economy, but 

also relies strongly on its natural resources and the services we derive from ecosystems. For 

this reason, statisticians, accountants and others have worked since the 1970s to create a 

complementary accounting system that covers ecosystem assets and the benefits we derive 

from them ɬ this is the so-ÊÈÓÓÌËɯȿ2àÚÛÌÔɯÖÍɯ$ÕÝÐÙÖÕÔÌÕÛÈÓ-$ÊÖÕÖÔÐÊɯ ÊÊÖÜÕÛÐÕÎɀɯȹ2$$ Ⱥȭɯ

Experimental Ecosystem Accounts (SEEA-EEA) are being developed as part of SEEA to show 

how to measure the ecosystem components of natural capital, in terms of the state of 

ecosystems and their capacity to provide ecosystem services, as well as estimates the costs of 

protecting or repairing damage  to these ecosystems.  

Within SEA -EEA, the key accounting module that applies for the pilot SIA  is the ȿecosystem 

condition accountɀȮ which is closely related to the capacity of ecosystems to supply  ecosystem 

services. There is increasing scientific literature (cf. scientific literature peer -reviewed by the 
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Intergovernmental science-policy Platform on Biodiversity and Ecosystem Servic es ɬ IPBES) 

demonstrating the close relationship between biodiversity, good ecosystem condition and 

long-term delivery of multiple ecosystem services. This is, especially, of regulation and 

maintenance as well as cultural services, since overuse/exploitation of provisioning services 

can act as a pressure on ecosystems and impact on services from these other categories, in 

addition to jeopardising the sustained supply of provisioning services themselves. The SEEA 

EEA handbook suggests five aspects of condition that could be considered, namely vegetation, 

biodiversity, soil, water, carbon, in an example for a condition account for a single ecosystem 

unit. From these aspects of condition, the pilot SIA  is most appropriate to cover the 

ȿbiodiversity ɀ aspect as the state of benthic habitats  is, inter alia, linked to ȿmarine biodiversity ɀ 

under the MSFD, which is the policy context for the development of the SIA (see section 1.1). 

Given the scope for experimentation provided by SEEA -EEA and the need to develop an 

approach to assess ecosystem condition that is suited to the European ecological and land use 

context, the common assessment framework developed under the MAES initiative f or the 

assessment of ecosystems and their services under Action 5/Target 2 of the Biodiversity 

Strategy to 2020 (cf. Figure 2 in Maes et al, 2014), becomes the next obvious point to consider 

in developing the pilot SIA ȭɯ%ÖÙɯÛÏÌɯ×ÜÙ×ÖÚÌɯÖÍɯ, $2ȮɯɁÌÊÖÚàÚÛÌÔɯÊÖÕËÐÛÐÖÕɂɯÐÚɯÜÚÜÈÓÓàɯ

ÚàÕÖÕàÔÖÜÚɯ ÍÖÙɯ ɁÌÊÖÚàÚÛÌÔɯ ÚÛÈÛÌɂɯ ȹ,ÈÌÚɯÌÛɯ ÈÓȭȮɯ ƖƔƕƗȺȭɯ (ÛɯÌÔÉÙÈÊÌÚɯ ÓÌÎÈÓɯ ÊÖÕÊÌ×ÛÚɯ ȹÌȭÎȭɯ

conservation status under the Birds and Habitats Directives, ecological status under the Water 

Framework Directive and environmental status under t he Marine Strategy Framework 

Directive) as well as other proxy descriptors related to state, pressures and biodiversity. 

Therefore, ecosystem condition is an important concept that should be used to assess trends 

and set targets related to the improvement of ecosystem health. Ecosystem health is closely 

related to the ecosystemɀÚ ecological integrity. Thus, ecosystem health can be summarized by 

a few categories of ecosystem properties, which relate to the maintenance of ecosystem 

ÍÜÕÊÛÐÖÕÈÓɯËÐÝÌÙÚÐÛàȯɯɁÖÙÎÈnization, autonomy and resistance to stress, vitality or vigour, and 

ÙÌÚÐÓÐÌÕÊÌɂ(Rapport et al., 1998; Rapport et al., 1999; Rapport et al., 2000; Rapport and Singh, 

2006). The purpose of an ecosystem condition account should, therefore, be to produce a 

diagnosis of (some aspect of) ecosystem health, where health can be expressed relative to some 

reference condition benchmark. The development of such an ecosystem condition account, 

based on reference condition benchmarks, would create a common currency for ecosystem 

ÏÌÈÓÛÏȭɯ /ÖÛÌÕÛÐÈÓɯ ÉÌÕÊÏÔÈÙÒÚɯ ÔÈàɯ ÐÕÊÓÜËÌȯɯ ɁÈɯ ×ÙÐÚÛÐÕÌɯ ȹÖÙɯ ØÜÈÚÐ-pristine) situation 

ÊÖÙÙÌÚ×ÖÕËÐÕÎɯÛÖɯÕÖɯËÐÚÛÜÙÉÈÕÊÌɯÉàɯÏÜÔÈÕɯÈÊÛÐÝÐÛÐÌÚɂɯȹ6ÌÉÌÙȮɯƖƔƕƘȺȭ 

 

1.3.2 Specific guidance to develop an ecosystem condition account  

The Ecosystem Condition Account is a central component in SEEA-EEA and aims to track the 

ȿÊÖÕËÐÛÐÖÕɀɯÖÍɯÌÊÖÚàÚÛÌÔÚɯÐÕɯÈɯÞÈàɯÛÏÈÛɯÚÏÖÞÚɯÛÏÌɯÐÔ×ÙÖÝÌÔÌÕÛɯÖÙɯËÌÛÌÙÐÖÙÈÛÐÖÕɯÐÕɯÒÌàɯ

ecological characteristics specific to individual (or groups of) ecosystems  (Petersen, 2017). The 

SEEA EEA handbook suggests five aspects of condition that could be considered (vegetation, 

biodiv ersity, soil, water, carbon) for a condition account.  The pilot SIA is intended as an 

ecosystem condition account wi th biodiversity as its thematic focus . Its development is based 

on several sources of guidance.  
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Firstly we consider the above-mentioned MA ES initiative, which covers the links between 

ecosystem capital and well-being. Biodiversity is identified by MAES as a cross-cutting 

indicator of ecosystem condition  (Maes, 2018). Within the EU, Member State obligations for 

the conservation and improvement of biodiversity are set out in various Directives, e.g. the 

Nature directives and, specifically for the marine environment, in the Marine Strategy 

Framework Directive. These directives all include provisions for regular reporting on the 

status of those aspects of biodiversity under their scope, i.e. of EU-level interest. (Petersen, 

2017) provides a series of parameters relevant to assess ecosystem condition, which would 

then be relevant to build a n ecosystem condition account, and which are reviewed here as 

follows:  

 

I) The condition parameters chosen should match critical pressures on, and 

fundamental changes in, ecosystem condition identified in recent MAES work  (this 

refers to Maes et al, 2013 and 2014). 

II)  As far as feasible condition parameters should be chosen that are applicable and 

comparable across all MAES ecosystem types, for example indicators related to 

biodiversity.  

III)  Where appropriate or necessary, ecosystem-specific condition parameters are to be 

included.  

IV)  The overall number of condition parameters per ecosystem type should not be too 

high (e.g. in the range of 3 ɬ 5) to avoid complicating the construction and 

calculation of the overall account too much. 

V) The condition parameters finally chosen should ideally be underpinned by data 

sets that allow a reliable quantitative analysis of trends at suitable spatial and 

temporal scale. 

 

Secondly and sÐÔÐÓÈÙɯÛÖɯÛÏÌɯȿÐÕÛÌÎÙÈÛÌËɯÔÈÙÐÕÌɯÍÐÚÏɯÈÊÊÖÜÕÛɀɯ(Piet, 2017), the development of 

the pilot SIA was initially inspired by the approach put forward in the Ecosystem Natural 

Capital Accounts: A Quick Start Package (ENCA-QSP) (Weber, 2014) and then adjusted to the 

SEEA-EEA conceptual framework. As ENCA -QSP is an application necessary to 

operationalize SEEA-EEA, no major divergences are expected between the two. Thus, the 

ÙÌÓÌÝÈÕÛɯÌÊÖÚàÚÛÌÔɯÈÊÊÖÜÕÛÐÕÎɯ×ÙÐÕÊÐ×ÓÌÚɯÍÙÖÔɯÛÏÌɯɁ×ÙÐÖÙÐÛÐÌÚɯÍÖÙɯÛÏÌɯÌÊÖÚàÚÛÌÔɯÕÈÛÜÙÈÓɯÊÈ×ÐÛÈÓɯ

ÈÊÊÖÜÕÛÚɂɯȹ$-" ȺȮɯÈÚɯÙÌÍÓÌÊÛÌËɯÐÕɯÛÏÌɯ0ÜÐÊÒɯ2ÛÈÙÛɯ/ÈÊÒÈÎÌɯȹ02/Ⱥɯȹ6ÌÉÌÙȮɯƖƔƕƘȺȮɯÈÙÌɯalso used 

to guide the development of the pilot SIA. The ENCA -QSP states that ecosystem accounts 

primarily aim at describing the impacts of human activities on the reproductive capacity of 

nature and their development should (at least) consider the principles we have included in  

Table 1.1. 
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Table 1.1. Relevant ecosystem accounting principles and their interpretation to guide the 

calculation of the pilot SIA . 

Ecosystem accounting principles  Interpretation of r equirements  

Meet the policy demand(s)  

¶ 1.06 Ecosystem accounts are statistical tools; they should 

not be tied to any particular political objective but should 

support policies with meaningful, objective and verifiable 

data.  

¶ 1.07 Regarding macro-economic decisions, data need to be 

updated on at least an annual basis and should not be more 

than one year old. Time-series are also useful for 

understanding past trends, to feed models and to anticipate 

developments.   

 

The account should be based on 

meaningful, objective and verifiable 

data and be able to provide a time -

series that can be updated on an 

annual basis. 

Be outcome-oriented  

¶ 1.08 Ecosystems differ and available data differ, but the 

fundamental diagnosis needed is the same: capability, 

degradation, steady-state or enhancement, accountability. 

At this Quick Start stage, relevance matters more than 

accuracy. It is important to de fine first what should be done 

in principle, and then, and only then, what can be done in 

practice.  

 

The primary aim of the outcome 

should be ȿrelevanceɀ making 

ȿaccuracyɀ secondary. The pilot SIA  

should inform on the ecosystem 

capacity  to supply ecosystem services 

and how this changes over time. Its 

development should be approached 

from what can be done in principle 

not the current practicalities  

Use existing data available in countries and/or international 

databases  

¶ 1.09 Most of the data needed for producing a first set of 

accounts already exists. Some may be of insufficient quality, 

and most will require adjustment because they have been 

collected for various purposes, at various dates. The first 

accounts will certainly not be perfect but will  meet the two 

main functions of any accounts: to inform on performance 

and to inform on the quality of the information.  

 

Use existing data to create a pilot SIA 

that informs on  

¶ the performance of (fisheries) 

management to mitigate impacts 

from fishing -induced  physical 

disturbance in order to conserve 

marine (benthic habitat) 

biodiversity  

¶ the quality of the available 

information  on which it is based 

First produce accounts of ecosystem capital capability and 

ecosystem services in physical units, then v alue ecosystem 

services and restoration costs  

¶ 1.12 As stated in the SEEA-$$ ɯ(ÕÛÙÖËÜÊÛÐÖÕȮɯɁÈÊÊÖÜÕÛÐÕÎɯ

for ecosystems in physical (i.e. non-monetary) terms is a key 

feature of the SEEA-$$ ȭɯȹȱȺɯ ××ÙÖÈÊÏÌÚɯÛÖɯÈÊÊÖÜÕÛÐÕÎɯÍÖÙɯ

ÌÊÖÚàÚÛÌÔÚɯ ÐÕɯ ÔÖÕÌÛÈÙàɯ ÛÌÙÔÚɯ ȹȱȺ are also described 

recognising that this raises additional complexities relating 

to valuation. In this regard measurement in monetary terms 

for ecosystem accounting purposes is generally dependent 

on the availability of information in physical terms since  

there are generally few observable market values for 

ÌÊÖÚàÚÛÌÔÚɯÈÕËɯÛÏÌÐÙɯÚÌÙÝÐÊÌÚɂɯȹ2$$ -EEA, para. 1.09). 

The account should be expressed in 

physical units  

 



21 
 

The above SEEA-EEA principles and considerations concerning the condition parameters from 

Petersen (2017) were interpreted and translated into the following requirements  for t he pilot 

SIA, which  should:  

¶ be tightly linked to the ecosystem capacity to supply of ecosystem services, specifically the 

regulation and maintenance and cultural  services. 

¶ reflect the impacts of (the main) human activities on the capacity of ecosystems to supply 

ecosystem services. 

¶ represent ecosystem health and/or its degradation, which is linked t o (the reduction of) the 

ÌÊÖÚàÚÛÌÔɀÚɯÊÈ×ÈÉÐÓÐÛàɯÛÖɯÈÊÏÐÌÝÌɯÐÛÚɯÍÜÓÓÌÚÛɯ×ÖÛÌÕÛÐÈÓɯÍÖÙɯÚÌÙÝÐÊÌɯÚÜ××ÓàɯÈÕËɯÐÚɯÊÓÖÚÌÓàɯ

related to ecological integrity  (or lack of thereof). 

¶ express ecosystem health in physical units - possibly relative to some reference condition 

benchmark, e.g. no disturbance by human activities 

¶ primarily be able to inform on the performance of (fisheries) management to mitigate 

impacts from fishing -induced physical disturbance in order to conserve marine (benthic 

habitat) biodiversity  

¶ support policies with meaningful , objective and verifiable data, which are able to show 

degradation and/or recovery at policy -relevant time-scales. 

 

1.4  Requirements to develop a Seafloor Integrity Account (SIA) 

The pilot SIA will then be developed such that it is policy relevant (see requirements in section 

1.1) and fulfils the accounting requirements in section 1.3. To that end the outcome of the 

review of methods to assess fishing impact on seabed habitats (introduced in section 1.2) is 

adopted because this has selected the most suitable method to assess such impacts (chapters 2 

and 3), which will then be applied as proof of concept in one of the EU marine sub-regions, i.e. 

North Sea, for which adequate data are available to calculate the actual pilot SIA ( chapter 4). 

Finally, t his exercise is then evaluated in and concluded with a proposed way forward for the 

further process to calculate a European-level pilot SIA , i.e. applying to all four EU marine 

regions, as part of an integrated EU ecosystem accounting system (chapter 5). 

 

The pilot SIA  should reflect the condition of one of the components of marine biodiversity  

according to the MSFD, i.e. seabed habitats. As noted in section 1.1, in an MSFD context, 

seafloor integrity represents the health of those habitats, which is defined ÈÚɯɁÞÏÌÙÌɯÚÛÙÜÊÛÜÙÌɯ

ÈÕËɯÍÜÕÊÛÐÖÕÚɯÖÍɯÛÏÌɯÉÌÕÛÏÐÊɯÌÊÖÚàÚÛÌÔɯÐÚɯÕÖÛɯÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂȭɯAs the health of the seafloor 

is expressed both in terms of structure and functioning , and because the account should link 

to the (ecosystem capacity to) supply ecosystem services, which is determined by the presence 

and functioning of the relevant ecosystem components (see ETC/ICM, 2019 in prep.), it is 

apparent that the methodology underpinning the account should be able to capture both the 

structural aspects as well as the functioning of seabed habitats. When considering appropriate 

methods for the calculation of the pilot SIA and what it represents, we need to acknowledge 

that only  the biotic part (e.g. the benthic invertebrate community) , and not the abiotic part, 

should be considered as this is part of marine ecosystem capital and can supply marine 

ecosystem services. 
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The pilot SIA should then be able to reflect the status of the benthic invertebrate community 

relative to that of an undisturbed or pristine reference condition s, such that it captures how 

the adverse effects from any anthropogenic pressures cause it to depart from those reference 

condition s. Two anthropogenic pressures that may disturb th e condition of the benthic 

invertebrate community are specifically mentioned in an MSFD policy context, i.e. physical 

loss and physical disturbance.  Each pressure is caused by specific human activities. In the 

MSFD (2012-2013) reporting by Member States, the main activities reported as causing 

ȿphysical lossɀ at the EU level were linked to man-made structures (of which land claim, coastal 

defence and flood protection; port operations; and submarine cable and pipeline operations  

are mentioned the most) and solid waste disposal. The reporting on ȿphysical disturbanceɀ 

clearly highlighted fishing as being the most important activity at the EU level ; followed by 

dredging and port operations  (EC, 2014).  

 

Both conceptually, and for the calculation of the pilot SIA , the seafloor integrity lost ( i.e. the 

amount of benthic ecosystem structure and functioning impacted permanently in terms of the 

relevant policy timeframe) due to past human activities will need to be distinguished from the 

human impacts on seafloor integrity due to physical disturbance , which the seafloor can still 

recover from when the pressure subsides.  

 

Following from the definition of ȿphysical lossɀȮ which is understood as a permanent change, 

we should consider seabed habitats impacted by physical loss separate from those impacted 

by physical disturbance as only the latter can recover. This recovery would need to take place 

within the policy -relevant timeframes, such as 12 years or two MSFD 6-year cycles (see section 

1.1), as policy is what normally requires the introduction of measures to prevent or mitigate 

such impacts by, e.g., limiting fishing intensity and/or its spatial distribution (see also section 

4.1Ⱥȭɯ3ÏÌɯɁÌßÛÌÕÛɯÖÍɯÓÖÚÚɯÖÍɯÛÏÌɯÏÈÉÐÛÈÛɯÙÌÚÜÓÛÐÕÎɯÍÙÖÔɯÈÕÛÏÙÖ×ÖÎÌÕÐÊɯ×ÙÌÚÚÜÙÌÚɂ (see Box 1.1) is, 

thus, interpreted as the proportion of the seafloor not contributing to the functioning of seabed 

habitats and hence to the supply of ecosystem services. As the pilot SIA is supposed to inform 

on (changes in) the state of the seabed habitats in terms of their functioning and the ir capacity 

to supply ecosystem services at policy-relevant timescales, a distinction is required between : 

¶ the extent of seabed habitat that is lost and, therefore, does not contribute to the pilot 

SIA within the 12 -year period selected here; and  

¶ ÛÏÌɯÌßÛÌÕÛɯÖÍɯÚÌÈÉÌËɯÏÈÉÐÛÈÛɯÛÏÈÛɯÐÚɯɁÖÕÓàɂɯËÐÚÛÜÙÉÌËɯÈÕËɯÚÛÐÓÓɯÊÖÕÛÙÐÉÜÛÐÕÎɯÛÖɯÈɯÔÖÙÌɯÖÙɯ

lesser degree to the pilot SIA and may show recovery within such a 12- year period if 

the pressure decreases (e.g. due to management intervention). 

 

There is currently is no agreed operational definition of the ȿ×ÏàÚÐÊÈÓɯÓÖÚÚɀɯÈÕËɯȿ×ÏàÚÐÊÈÓɯ

ËÐÚÛÜÙÉÈÕÊÌɀɯ×ÙÌÚÚÜÙÌÚɯthat allows a categorisation of all the anthropogenic activities and their 

associated pressures into these two categories. For this reason, for the calculation of the pilot 

SIA and the need to assess physical disturbance on the seafloor, we have selected one human 

activity, i.e. commercial fisheries, which is known to be the primary cause of physical 

disturbance. Fishing may also be the cause of ȿphysical lossɀ if the sensitivity /vulnerability  of 

a specific seabed habitat does not allow a recovery within the 12 year period that is used here 

to distinguish ȿphysical lossɀ from ȿphysical disturbanceɀ (see section 1.1). However, for the 

calculation of a pilot SIA we have only considered those seabed habitats that can be expected 
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to function and supply ecosystem services despite the anthropogenic pressures upon them. 

This exercise will also include an assessment of how representative this pilot SIA is. 

The relevance of the pilot SIA to EU policy is achieved because the state of seabed habitats is 

tightly linked to the concept of seafloor integrity  within the MSFD (see sections 1.1 and 1.2). 

From a policy perspective, and following the MSFD, seafloor integrity should be expressed in 

terms of the spatial extent of the pressures, i.e. physical loss (D6C1) or physical disturbance 

(D6C2), and the specific seabed habitat types which are adversely affected (D6C3). In addition, 

there is the extent of seabed habitats that is not lost (D6C4), or not adversely affected from 

physical disturbance (D6C5), by all anthropogenic  activities (see Box 1.1). All these criteria 

have in common that they are represented by a certain proportion of the total natural extent 

of the entire sub-region or of a given habitat type and require the setting up of threshold s 

ËÌÛÌÙÔÐÕÐÕÎɯÞÏÈÛɯÐÚɯɁÕÖÛɯÓÖÚÛɂɯÖÙ ɁÕÖÛɯÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂ in order to achieve the MSFDɀÚ 

Ɂ&ÖÖËɯ$ÕÝÐÙÖÕÔÌÕÛÈÓɯ2ÛÈÛÜÚɂ. 

 

The pilot SIA is , thus, supposed to reflect the condition of seabed habitat(s) in terms of their 

functioning and the ir capacity to  supply of ecosystem services. The SIA metric , therefore, 

needs to describe the degree to which the benthic invertebrate community biomass is impacted 

by physical disturbance and, hence, the amount of functioning that still remains  in that 

community . Pertaining to the selection of the methodologies to calculate the pilot SIA, this 

requires a distinction between the parts of the seabed habitat(s) that are: 

A. pristine, undisturbed or fully recovered (and hence where the benthic invertebrate 

community is at carrying capacity  (condition=1), i.e. the maximum biomass that the 

undisturbed environment can sustain,  and thus fully functioning) . This category 

represents 20% of the seabed habitat in Figure 1.2. 

B. those that are disturbed but still functioning to a more or lesser degree ( the benthic 

invertebrate community condition is anywhere between 0-1 depending on the level of 

disturbance). This category represents 70% of the seabed habitat in Figure 1.2. 

C. those that are Ɂlostɂɯ(the benthic invertebrate community is not functioning , 

condition=0). This category represents the remaining 10% of the seabed habitat in 

Figure 1.2. 

 

If this example (Figure 1.2) represents a specific marine region, then the overall condition  is 

0.67 in the 90% part of that region that is not lost (categories A and B above). If physical loss is 

also considered, and the remaining lost parts of the marine region are included (category C 

above), then the condition  is 0.6 but this now covers 100% of the region. The usefulness of this 

metric in the accounting context  is based on the assumption that there is a one-to-one 

relationship between the biomass, the functioning of the benthic ecosystem and its capacity to 

supply ecosystem services. We, thus, consider that such a condition metric (i.e. biomass of the 

benthic invertebrate community ) is a good approximation of the sÌÈÉÌËɯÏÈÉÐÛÈÛÚɀɯÊÈ×ÈÊÐÛàɯÛÖɯ

supply ecosystem services and should hence be what is represented by the SIA (see also 

chapter 4). 
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Figure 1.2. Example of how a metric can express the condition of a specific seabed habitat 

(or of the entire seafloor  of a marine region ) in terms of its functioning depending on the 

impact of ÛÏÌɯȿ×ÏàÚÐÊÈÓɯÓÖÚÚɀɯÈÕËɯȿ×ÏàÚÐÊÈÓɯËÐÚÛÜÙÉÈÕÊÌɀɯ anthropogenic pressures.  

 
As such the pilot SIA matches ÛÏÌɯ,2%#ɀÚɯD6C3 and D6C5 best when physical disturbance is 

involved (see section 1.2) and D6C4 in case of physical loss. However, where these criteria 

reflect the extent of the habitat that is, or is not, ɁÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂɯÖÙɯɁÓÖÚÛɂȮɯand in case of 

physical disturbance requires a threshold to make such a distinction, the SIA  methodology has 

the advantage that benthic ecosystem functioning is expressed on a continuous scale, which 

does not require the application of any arbitrary threshold to determine when a habitat is 

ɁÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂȭ For example, using Figure 1.2, the application of a 90% threshold would 

ÙÌÕËÌÙɯƜƔǔɯÖÍɯÛÏÌɯÔÈÙÐÕÌɯÙÌÎÐÖÕɯɁÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂ; whereas a 50% threshold would result 

ÐÕɯƙƔǔɯɁÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂȭɯ3ÏÐÚɯÌßÈÔ×ÓÌɯÚÏÖÞÚɯÛÏÈÛ, for the same overall condition , the 

outcome of the assessment in terms of the extent of a region that ɁÈËÝÌÙÚÌÓàɯÈÍÍÌÊÛÌËɂɯËÌ×ÌÕËÚɯ

on the setting of a threshold. If the pilot SIA was made equal to this ȿadversely affectedɀ extent, 

rather than using the approach above (i.e. expressing benthic ecosystem functioning on a 

continuous scale), it would likely give a less accurate (and dependent on the threshold) 

estimate of the capacity of the benthic ecosystem to supply ecosystem services. 

Notwithstanding , as the available methods to assess fishing impacts (see section 1.2) can only 

calculate fishing-induced physical disturbance , the pilot SIA will only include the part of the 

seafloor  that is not lost. In addition, as noted already, lost seafloor  does not have the capacity 

to supply ecosystem services (see also chapter 4). 
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2 1ÌÝÐÌÞɯÔÌÛÏÖËÚɯÛÖɯÈÚÚÌÚÚɯÛÏÌɯÍÐÚÏÐÕÎɪÐÕËÜÊÌËɯ

×ÏàÚÐÊÈÓɯËÐÚÛÜÙÉÈÕÊÌ 

As explained in section 1.4, fishing is considered by far the most widespread human activity 

causing physical disturbance on seabed habitats. In a fisheries context, the ȿphysical 

disturbanceɀ pressure is referred to as ȿfishing intensity ɀ and calculated as the swept area ratio . 

ICES (2016a) defines the swept area as the cumulative area contacted by a fishing gear within 

a grid cell (i.e. a division of the seafloor with a specific spatial resolution) over one year. The 

swept area ratio is the swept area divided by the surface area of the grid cell. 

In the methods considered here, the calculation of fishing pressure is based on a spatially 

resolved index of fishing intensity for mobile bottom contacting gears  (i.e. trawls or dredges). 

Fishing intensity was , thus, defined as the area swept per unit area, i.e. the area of the seabed 

in contact with the fishing gear in relation to a surface area of the grid cell (ICES, 2015; Eigaard 

et al., 2017). For this, Vessel Monitoring through Satellite ( VMS) data and fisheries logbook 

data3 are required. In its raw format, VMS data are geographically distinct points, so -called 

Ɂ×ÐÕÎÚɂȮɯ×ÙÖÝÐËÐÕÎɯÐÕÍÖÙÔÈÛÐÖÕɯÈÉout the vessel position, instantaneous speed and heading. 

VMS transmits at regular intervals of approximately 2 hours, but with higher polling rates for 

some countries. VMS data points can be linked to logbook data in order to get additional 

information ab out the ship, the applied gear and eventually also the catch. Following some 

analytical steps to identify e.g. misreported pings, the vessel state (steaming, fishing or 

floating) has to be identified using the actual speed information. Only data, which wer e 

assumed to represent fishing activity, were then assigned to a grid with specific spatial 

resolution. Finally, national data were reported in a gridded and anonymized form summing 

the number of pings within each grid cell based on the time interval betwe en successive pings, 

and including information about vessel flag country, gear code (equivalent to the Common 

Fisheries Policy/CFP Data Collection Framework  level 4), fishing activity category ( CFP Data 

Collection Framework  level 6), average fishing speed, fishing hour, average vessel length, 

average kW, total landings weight and total value of all species caught. Therefore, estimates 

on the aggregated  fishing time within each grid cell and métier (i.e. units to aggregate fishing 

activity, here based on gear type and target species4) are available for a specific time period 

based on VMS and fisheries logbook data. 

Currently the re are two initiatives that have managed to assemble datasets of international 

fishing fleets to produce fishing intensity maps covering (parts of) MSFD (sub-)regions as 

follows : 

¶ Ongoing OSPAR request to ICES on VMS/Logbook  data-call from 15th January 2016 

covering the Northeast Atlantic  (North Sea and Celtic Seas)  and the Baltic Sea for the 

period 2009-2015. This dataset is based on a 0.05 x 0.05 degree grid, using the approach 

                                                           
3 The EU requires the recording and reporting of data relating to fishing activity undertaken by EU vessels (and in 

EU waters) and to the landing and first sale of fishery products in the EU. These requirements are currently set out 

in various pieces of EU legislation: Council Regulations 2847/93, 1006/2008 and 1224/2009, and Commission 

Regulations 1077/2008 and 201/2010. 
4 https://datacollection.jrc.ec.europa.eu/wordef/fishing-activity-metier  

https://datacollection.jrc.ec.europa.eu/wordef/fishing-activity-metier
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of C-square reference (Rees, 2003). However, due to variances in latitude, the extent of 

the 0.05º grid cell differs in total size across areas, from just under 14km2 in North East  

Scottish waters, to 21km2 in the Southern part of the Celtic sea. Because of a legislative 

change, vessels of 12-15m total length are only included in the estimates since 2012. 

The fishing intensity maps therefore only cover the years 2012-2015. 

¶ The FP7 BENTHIS project5 covering also (parts of) the Iberian peninsula and 

Mediterranean for the period 2010-2012. This dataset is based on a 1x1 minute 

resolution of approximately 2 km 2 at 60oN. The project collected raw data from 

participant countries , which was analysed using an interpolation  method to connect 

the VMS positions into trawl tracks  (Eigaard et al., 2017).  

 

Because of these differences, i.e. spatial resolution, time period, VMS positions versus trawl 

tracks) there is no straightforward comparison possible  between the fishing intensity maps 

produced by these two initiatives . 

 

The workflow to produce these fishi ng intensity maps is given in Figure 2.1 (Figure 6.2.1 in 

the WKBENTH report).  In order to calculate swept-area values, certain assumptions about the 

spread of the gear, the extent of bottom contact and the fishing speed of the vessel needed to 

be made and thus a number of working steps were necessary. The workflow distinguishes 

different steps: 

¶ First a full quality assessment of all submitted data were performed (Step 1). Submitted 

VMS datasets usually contained information on the gear based on standard DCF métiers 

(from EU logbooks, usually at the resolution of métier level 6) and the gear -specific fishing 

speed, but not on gear size and geometry.  

¶ Therefore, vessel size-gear size relationships developed by the EU FP7 project BENTHIS 

project (Eigaard et al., 2016) or by the Joint Nature Conservation Committee (JNCC) 

(Church et al, 2016), were used to approximate the bottom contact (e.g. gear width). To do 

this, it was necessary to aggregate métier level 6 to lower and more meaningful gear 

groups, for which assumptions regarding the extend of bottom contact were robust (Step 

2). If possible the so-ÊÈÓÓÌËɯɁBENTHIS ÔõÛÐÌÙÚɂɯÞÌÙÌɯÜÚÌËȰɯÖÛÏÌÙÞÐÚÌɯÛÏÌɯÔÖÙÌɯÎÌÕÌÙÈÓɯ

bottom contacting gear groups from JNCC were assigned.  

¶ Following this, fishing effort (hours) was ca lculated and aggregated per c-square for each 

métier and year (Step 3).  

¶ Fishing speeds were based on average speed values for each métier and grid cell submitted 

as part of the data call, or, where missing, a generalized estimate of speed was derived 

(Step 4).  

¶ Similarly, vessel length or power were submitted through the data call, but where missing 

average vessel length/power values were assumed from the BENTHIS survey (Eigaard et 

al., 2016) or were derived based on a review done by JNCC (Step 5). Parameters necessary 

to fulfil steps 2, 4, and 5 are listed in Table 2.1 for Benthis métiers and table 2.2 for 

corresponding JNCC gear groups.  

                                                           
5 https://www.benthis.eu/en/benthis.htm 
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¶ The resulting bottom contact values (m) were finally used to calculate swept -areas (SA) 

per gear group, grid cell and y ear (Step 6). 

¶ The swept-area information was additionally aggregated across fishing métiers for each 

gear class (otter trawl, beam trawl, dredge, demersal seine) with two layers, one for surface 

abrasion and one for subsurface abrasion (as proportion of the total area swept, see Table 

2.1 and 2.2). To account for varying cell sizes of the GCS WGS84 grid, swept-area values 

were additionally divided by the grid cell area giving the swept -area ratio (SAR = number 

of times the cell was theoretically swept). Finally effort and swept -area maps were 

generated at appropriate scales (Step 7 and 8). 

 

 

Figure 2.1. Workflow for the production of fishing intensity maps from aggregated VMS 

data (0.05° x 0.05° C-square resolution) (from  (ICES, 2016a)). A ll métiers and vessel size/ gear 

spread relationships were derived from  (Eigaard et al., 2016). 
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Table 2.1. Parameter estimates of the relationship between vessel size (as length (m) or 

power (kW)) and gear width, the average width of fishing gear causing abrasion (surface 

and subsurface), the corresponding proportion of subsurface abrasion, and the average 

fishing speed for each BENTHIS métier (derived from (Eigaard et al., 2016) and ICES 2016).  

 

 

Table 2.2. Estimates of fishing gear width causing abrasion (surface and subsurface) and 

the corresponding proportion of subsurface abrasion for each JNCC gear group (from ICES 

2016, Church et al 2016) 

 

 

2.1 Maps of fishing intensity  

Maps describing fishing pressure on benthic habitats are based on the fishin g intensity (i.e. 

swept-area ratio SAR) estimates calculated as annual grid cell averages based on the above-

mentioned two sources of information /initiatives , i.e. an ICES data call and the FP7 BENTHIS 

project. 
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The ICES data call covers the years 2009-2015 but for consistency only the period 2012-2015 is 

used (see below). When using the information per métier (see table 2.1) or gear group (see 

Table 2.2.) surface and subsurface abrasion are considered separately as these involve different 

components of the benthic invertebrate community  and hence different aspects of seafloor 

integrity. Both aspects are visualised for the three ICES ecoregions, i.e. Baltic Sea (Figure 2.2), 

Celtic Sea (Figure 2.3) and North Sea (Figure 2.4). Because of a legislative change, vessels of 

12-15m total length are only included in the estimates since 2012 which is the reason the maps 

are based on the average SARs only for the period 2012-2015 (see also section 2.1.2). 

 

Figure 2.2. Fishing intensity expressed as average sw ept area ratios (SAR) from the years 

2012-2015 separated into surface (left) and subsurface abrasion (right) in the Baltic Sea.  

 

 

Figure 2.3. Fishing intensity expressed as average swept area ratios (SAR) from the years 

2012-2015 separated into surface (left) and subsurface abrasion (right) in the Celtic Sea.  
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Figure 2.4. Fishing intensity expressed as average swept area ratios (SAR) from the years 

2012-2015 separated into surface (left) and subsurface abrasion (right) in the North Sea.  

The data from the FP7 BENTHIS project covers the period 2010-2012. This dataset is based on 

a 1x1 minute resolution of approximately 2 km 2 at 60oN). This represents surface disturbance 

only and is based on all EU member states and Norway in the project (see Figure 2.5). 
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Figure 2.5. Map of f ishing intensity from the BENTHIS project expressed as average swept 

area ratios (SAR) from the period 2010 -2012. This map is based on a 1x1 minute resolution 

of approximately 2 km2 at 60 oN). This represents surface disturbance only and is based on 

the EU M ember States and Norway represented in the project (indicated in black).  This is, 

therefore, not comprehensive but does show that Member States in different EU marine regions 

possess the information required to calculate fishing intensity . 

2.2 Limitations  of the selected method  

Vessel monitoring systems are primarily intended for compliance and monitoring purposes in 

relation to EU fisheries policy, and so the data collected were not specifically designed to 

enable fishing intensity mapping. As such, there remain some data quality issues and caveats 

with the ensuing fishing intensity maps . These have been identified by WGSFD (ICES 2016) 

and the most important aspects are shortly listed below: 
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¶ The outputs can only reflect the data submitted and data from some countries were still 

missing (Spain, Iceland, Greenland, Faroe Islands, Russia) or some parameters, e.g. fishing 

speeds were not fully submitted. Looking at the quality control summ aries of WGSFD 

(ICES 2016), the outputs appear to be consistent over time, but fishing pressure in certain 

areas may have been underestimated. 

¶ Up to 2011, only vessels larger than 15 meters were obliged to have VMS on board. In 2012 

the legislation changed, and data from vessels larger than 12 meters became available 

thereby covering the previous 12 to 15 meter gap. However, due to differences between 

countries how vessel length categories were reported, it was not always possible to 

partition this segment and therefore make the data directly comparable before and after 

2012. This is likely to be relevant when examining trends in effort for inshore areas as the 

smaller vessels mainly occur close to coasts.  

¶ Similarly, in nearshore areas and for some countries, substantial fleets of smaller vessels 

not equipped with VMS exist (< 15 m prior to 2012, < 12 m thereafter). For these, only 

logbook data are available, which is at the spatial resolution of ICES rectangles, which have 

a resolution of 1o Longitude and 3ƔȿɯÓÈÛÐÛÜËÌɯthat is too coarse to be considered to assess 

the status of seabed habitats. 

¶ For calculating fishing intensities , and distinguishing between surface and subsurface 

abrasion, gear widths and fishing speeds are used as input. Gear widths are based on 

Eigaard et al. (2016). Information on vessel lengths and engine power is available as an 

average per métier. If this information was missing, often crude assumptions on average 

vessel sizes and engine power had to be made in order to estimate gear widths. Fishing 

speeds were mostly available and, where missing, were replaced by average fishing speeds 

on the same or similar gears. 

¶ Although standard routines (using R for statistical computing and the related VMStools 

package (Hintzen et al., 2012) were defined, aggregation methods and the identification of 

fishing activity from VMS data may still vary between countries.  

¶ Gear coding in logbooks is not typically suited for quantitative estimations of seabed 

pressure, i.e. the exact gear type (width/spread and weight) is unknown. The calculation 

of swept areas and the corresponding distinction between surface and subsurface can, 

therefore, only be an approximation of the actual values.  

¶ There may be issues with misreporting (e.g. gear groups), which would obviously affect 

the outcome of the calculations. 

¶ Within the ICES process it was decided to aggregate the data at a spatial resolution of so-

called c-squares (0.05 x 0.05 degree grid, about 15 km² at 60°N latitude), which was the 

result of a pragmatic compromise that circumvented potential privacy issues and , thus, 

allowed the Member States to provide their national data. This, however, is not necessarily 

the best resolution for the most accurate reflection of fishing intensity. At this spatial 

resolution the fishing intensity is expected to be overestimated. 
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3 1ÌÝÐÌÞɯ ÔÌÛÏÖËÚɯ ÛÖɯ ÈÚÚÌÚÚɯÛÏÌɯÐÔ×ÈÊÛɯÖÍɯ

ÍÐÚÏÐÕÎɪÐÕËÜÊÌËɯ ×ÏàÚÐÊÈÓɯ ËÐÚÛÜÙÉÈÕÊÌɯÖÕɯ

ÚÌÈÉÌËɯÏÈÉÐÛÈÛÚ 

 

3.1 Introduction  

There are several methods to assess the state of the seabed habitats and how this 

changes (=impact) due to physical disturbance caused by fishing. These all have in 

common that the assessment is based on the combination of spatial maps of fishing 

intensity (describing the pressure) with spatial maps of seabed habitats, where 

different habitats  may differ in th eir sensitivity to fishing (Figure 3.1). All assessments 

of (the impact on) the state of seabed habitats are based on the same habitat maps (see 

section 3.1) and fishing intensity maps (see section 2.1). Therefore, independently  of 

the methodologies to estimate the state of the seabed habitats and how this is impacted 

by physical disturbance caused by fishing, the same issues apply pertaining to which 

geographic areas can be assessed, the spatial and temporal resolution of the fi shing 

pressure, and/or habitat distribution data. 

The methods we are considering to determine the impact of fishing -induced physical 

disturbance on seabed habitats, and developed for the assessment of seafloor integrity, 

were all presented and discussed in the ICES-led process described in section 1.3: 

¶ OSPAR BH2 ɬ Condition of Benthic Habitats communities  

¶ OSPAR BH3 ɬ Extent of physical damage to predominant and special habitats 

¶ BENTHIS Longevity method ologies 

¶ BENTHIS Population dynamic approaches 

 

These methods are described in more detail in subsequent sections of this chapter. 
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Figure 3.1. Approach to determine the impact on seabed habitats  from fishing  

pressure (i.e. physical disturbance)  caused by overlapping the pressure distribution 

with the habitat distribution and an estimated habitat sensitivity  (from ICES 

(2016a)) 

 

3.1.1 Seabed habitat maps  

Many habitat mapping studies are conducted throughout Europe, but none provide 

the coverage required for spatial assessments in all EU marine regions (see ICES 2016a 

and ICES 2017c). It was apparent that the ȿÚÌÈÉÌËɯÏÈÉÐÛÈÛÚɀɯÊÖÔ×ÖÕÌÕÛɯɬ EUSeaMap- 

of the Marine Observation and Data Network (EMODnet) 6 met this specification and 

was the most appropriate source of marine spatial information on habitats available. 

This is, in particular, because it is the only EU-level consistent approach for the 

mapping of (broad scale) seabed habitats. The analysis undertaken here used the most 

up-to-date habitat map available for the assessment area (Figure 3.2).  

 

                                                           
6 http://www.emodnet-seabedhabitats.eu/  

http://www.emodnet-seabedhabitats.eu/
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Figure 3.2. EUSeaMap (EMODnet seabed habitat map , 18/6/2018)7.  

 

3.2 OSPAR BH2 approach 

The OSPAR BH2 indicator is a common concept for the development of an umbrella 

of indices to assess the impact of each human pressure on the condition of each benthic 

habitat type, along a pressure-impact gradient . The aim is to inform management of 

human activities and improve the evidence and understanding of the relative effects 

of different pressures, e.g. fisheries, organic enrichment, sedimentation, on benthic 

habitats and their communities. It is, therefore, not specifically intended for fishing 

pressure. One of the indices used to assess fisheries impacts was tested in the Southern 

North  Sea. This index is based on a combination of indices evaluated through an index 

optimization tool : Benthic Multi -metric Index (BENMMI ). The tool contains a suite of 

commonly used benthic indices, i.e. species richness per sample, Margalef diversity 

(D), SNA, Shannon index, PIE index (Probability of Interspecies Encounter), AMBI and 

                                                           
7 https://www.emodnet-seabedhabitats.eu/access-data/  

https://www.emodnet-seabedhabitats.eu/access-data/



























































































