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Commission Decision (EU) 2017/848 indicates that, for Descriptor 6, seabed habitats
should be assessed at biogeographically relevant scales within each MSFD region or
subregion.

Background

TG Seabed-2 developed an initial perspective on how to address the issue of defining
scales and areas for assessing seabed habitats, based on SEABED_2-2019-08 and
SEABED_2-2019-21. This topic was further elaborated in SEABED_3-2020-04 and
SEABED_4-2020-07 and resulted in SEABED 5-2021-06 which amongst others provided
a first indicative proposal with regards to the number and positioning of MRUs.
Extensive written feedback was received from DK, SE (in consultation with HELCOM),
EL and DG ENV (chair). Paper, comments, proposals for MRUs, and how to proceed,
were discussed during an online subgroup meeting on 12th April 2021 with
participation from HELCOM, EL, DE, IT, RO, SI and TG-Seabed co-chairs (DG ENV, ES).
One of the changes compared to earlier versions is that the paper now focusses on the
guidance to define scales and areas of assessment and reporting and that issues with
regards to how to do quality assessments at various finer scales with different
indicators, monitoring efforts and results and how to combine these, are parked
(omitted here) and considered input for a separate or other existing paper.
The current version is a temporary version under development as prepared by NL, at
the moment being complemented, improved or adjusted by the subgroup members,
nevertheless shared with TG-Seabed to discuss progress and whether and to what
extent it can serve as input for the Article 8 guidance (extended version) of D6.

TG Seabed is invited to discuss the following issues:
1. Do you agree with the way to arrive at Marine Reporting Units;
2. Whether we can or cannot do with/without a grid-approach to challenge scale issues in
assessments;
3. Suggestions for indicative proposals for MRUs;
4. Whether and to what extent the paper can serve as input for the Article 8 guidance
(extended version) of D6.
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Assessment scales and areas for MSFD seabed habitats
The current draft paper has taken the paper SEABED_2-2019-08 (and accompanying presentation
SEABED_2-2019-21) as a starting point, and is the result of subgroup discussions and comments on
earlier versions of the paper (SEABED 3-2020-04, SEABED 4-2020-07, SEABED 5-2021-06). The paper
aims to provide guidance on how to define assessment areas related to MSFD D6 evaluations of various
kinds (different regions and indicators) to enable comparable and consistent quality assessments of
Broad Habitat Types (BHTs) at the level of agreed subdivisions of regions and subregions called Marine
Reporting Units (MRUs) of which results are transferable or integrable with results for other descriptors
and/or other policy assessments possibly using other however tuned scales.

1 BACKGROUND
Commission Decision (EU) 2017/848 sets out the criteria and methodological standards to be used for
assessing the extent to which good environmental status (GES) is being achieved for the Marine
Strategy Framework Directive (2008/56/EC). For Descriptor 6, on seabed habitats and sea-floor
integrity, the Decision specifies the habitat types (criteria elements), the criteria, the scale of
assessment and how the criteria are to be used to express the extent to which GES has been achieved
for each area assessed.
The Decision specifies the scale of assessment to be ‘Subdivision of region or subregion reflecting
biogeographic differences in species composition of the broad habitat type.’ The regions and
subregions are specified in MSFD Article 4 of which a map was agreed by the MSFD Common
Implementation Strategy (CIS) (Figure 1), based on the definition of a marine region in MSFD Article
3(2) which states that they are ‘determined taking into account hydrological, oceanographic and
biogeographic features’. MSFD Article 4 also has provision to define subdivisions to consider the
specificities of a particular area to support implementation of the Directive.

2 ASSESSMENT AREAS FOR MSFD REPORTING SO FAR
Since the first reporting in 2012 of the initial assessment (MSFD Article 8), it has been the practice to
geographically delineate the areas used for reporting (termed Marine Units in 2012, but now referred
to as Marine Reporting Units - MRUs). This is to ensure that the information reported is clearly linked
to specific parts of a marine region, subregion or Member State’s marine waters (i.e., Exclusive
Economic Zone, EEZ), and to enable the reported information to be displayed in maps to show, inter
alia, the extent to which GES has been achieved (for example in WISE-Marine). In 2012 MRUs were
defined by the Member States, and the approaches to define them varied considerably between
Member States and between descriptors (DIKE_16-2017-03).
Following the 2012 reporting, discussions on assessment scales and areas within the MSFD CIS,
particularly in the Working Group on Good Environmental Status (WG GES), have focused on the need
for a more coherent approach. This led to inclusion of assessment scales in the 2017 GES Decision and
progress towards more consistent approaches, including the coordinated systems used for HELCOM’s
HOLAS II and OSPAR’s Intermediate Assessment 2017 currently under revision and further elaborated
for HELCOM’s HOLAS III and OSPAR’s QSR2023.
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Figure 1: Representation of the marine regions and subregions of MSFD Article 4. Note: Within the NorthEast Atlantic Ocean region, the four subregions listed in MSFD Article 4(2) are shown, without addressing the remaining
parts of the region (e.g., waters in the Iceland Sea, Norwegian Sea and Barents Sea) (European Environment Agency1).
Note 1: The area shaded in purple and white indicates an area to which both the United Kingdom and the Government of the Kingdom of Denmark together with
the Government of the Faroes have transmitted overlapping submissions to the Commission on the Limits of the Continental Shelf (CLCS) in fulfilment of their
respective rights and obligations under Art. 76 and Annex II to the United Nations Convention on the Law of the Sea in order to determine entitlement of outer
continental shelf areas. This map should not be used in any way to prejudice the determination of that question by the CLCS in due course.
Note 2: The area shaded in black and white shows the delineation of the outer limits of the continental shelf beyond 200 M from the territorial sea baselines of
France, Ireland, Spain and the United Kingdom in respect of the area of the Celtic Sea and the Bay of Biscay, as provided by the four countries to the Commission
on the Limits of the Continental Shelf (CLCS) and included in its recommendations issued on 24 March 2009. The map of the continental shelf’s extent shall be
used without prejudice to the agreements that will be concluded in due course between these Member States on their marine borders in this area.
Note 3: The seas of Azov and Marmara are shown as shaded as they do not fall within the geographic scope of application of the Bucharest Convention.

1

Jenson, H.M., Panagiotidis, P., & Reker, J. (2017) Delineation of the MSFD Article 4 marine regions and
subregions. Version 1.0. European Environment Agency, Copenhagen.
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In the MSFD CIS, general guidance (SWD(2020)62, Annex on horizontal issues on implementing the
MSFD) was developed in association with the preparation of the 2017 GES Decision (MSCG_21-201706, Annex 1) and the draft Article 8 guidance (GES_17-2017-02).
For seabed habitats, the definition of biogeographically relevant assessment scales and areas, as
required by the 2017 GES Decision, has not yet led to fully operational systems in each region.
However, some progress has been made; for example, OSPAR’s IA2017 subdivided the Greater North
Sea and Celtic Seas into three and two subdivisions respectively for its assessment of physical damage
to seabed habitats (Extent of physical damage BH3) and two workshops were held on the topic for the
Mediterranean in 2017 and 2018.

3 MARINE REPORTING UNITS

TO

COVER

NATURAL

VARIABILITY
3.1 Broad Habitat Types within Marine Reporting Units the
level of assessment
Commission Decision (EU) 2017/848 sets out that seabed habitats (descriptor 1) and sea-floor integrity
(descriptor 6) are to be assessed together via a set of ‘broad habitat types’ (BHT). According to the
restructured classification system (Evans et al. 2016) the MSFD broad habitat types, corresponding to
the EUNIS marine habitat classification level 2, are the level of reporting. At EUNIS level 3 and lower,
biogeographic information becomes part of the classification system. At level 3, regions are
distinguished, which might still be too broad to achieve comparability in quality assessments. At
regional scale, still large biogeographic variability reflected in (pressure independent) ecological
variability of amongst others fine-scale habitat constitution and benthic community composition as a
result of natural differences in species pools is present. Such variability will lead to substantially
different within-region quality assessment results when subdivisions are assessed without subdivisionspecific adaptations of impact - and state indicators (either methodological or with regards to
reference - and threshold values). Accepting the BHT classification level means that lower-level
variability (presence and diversity of lower level EUNIS 4-6 habitats2 reflected in community
compositions) is part of the quality of BHTs with regards to the impact and state criteria D6C3, D6C4
and D6C53.
Defining what is a clear biogeographic difference of relevance is to some extent arbitrary, as transitions
in practice are generally rather gradual. Exceptions might be sea areas (typically borders of regions)
separated by narrow connections with limited exchange resulting in clearly distinguishable
characteristics with ecological relevance (e.g. Bosporus, Gibraltar Strait, Kattegat). Although a
significant transition can be observed by striking differences in patterns on larger distance from an

2

Assuming there is no debate that at least regions (distinguished at EUNIS level 3) should be distinguished due
to large biogeographic differences.
3

Sensitivity is habitat/community specific and therefore reflected in the results of impact and state assessments;
pressure distribution is not necessarily dependent of habitat composition (although certain pressures might
display a relation with habitat composition in practice).
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expected most representative/suitable boundary, such differences are vanishing when decreasing the
distance between observation points on both sites of the expected border. In theory, the most
representative border is where similarity within each of the subdivisions is largest and (therefore)
dissimilarity between the two subdivisions in largest. Although (within BHT) natural occurring large
scale benthic community patterns are most relevant, as this is the information used or modelled in
quality assessments, in practice the abiotic steering parameters might be better proxies to use to
distinguish most relevant biogeographic subdivisions. Reliable/representative data availability
(measurements and modelling outputs) is often much higher for the abiotic key parameters, with near
complete spatial coverage, than for community aspects.
Distinguishing Marine Reporting Units (MRUs) for benthic habitat quality assessment should encounter
the most important large-scale within BHT variability in benthic community composition and natural
species occurrence patterns. A certain within BHT within MRU variability (with likely some spatial
aspects) will always be present (and is part of the variance that should be considered in statistical
testing of quality assessment results) but should not transgress expected differences (or those
differences related to quality issues wished to be detectable) in benthic community compositions as a
result of environmental/benthic quality differences.
Using MRUs does not mean that other marine spatial units (either larger or smaller sized) cannot be
used in MSFD benthic quality assessments. Such other units are typically assessment units selected as
being most suitable with regards to the specific evaluations (indicator type, data availability, optional
use of other policy assessment results) and might differ from one evaluation to the other. However,
assessment results (from those assessment units), should always be translatable to MRU level for
reporting purposes (see 3.2), for which it is preferable to reuse the same borders (of reporting and
assessment units) as much as possible. It would be recommended to use the same MRUs for several
descriptors (so to define MRUs for different compartments of the ecosystems at the same time) or at
least that descriptors in need of larger scale MRUs use exactly the borders of a combined set of smaller
scale MRUs (of another descriptor) and vice versa.

3.2 A partially nested scheme of assessment units
The general recommendation is to choose subdivision of region or subregion as standard MRU.
Assessments should however be executed at the most appropriate scale taking indicator specifics, data
availability and - comparability and the representativity of potential assessment areas into account.
Moreover, information (likely assessment results) can come from other descriptors (i.e. input of
specific pressure levels) or other policy assessments (e.g. reuse of WFD, HD or management efficiency
evaluation results), that ideally use the MRUs as assessment units but likely also use alternative
assessment units. Therefore, a nested scheme of reporting and assessment units should be considered.
This means that a large unit can be subdivided into smaller units that each on itself optionally can also
be subdivided into several smaller units, etcetera. All units at various scales can be assessment units,
but from the descriptor D6 perspective the entire seas area under the MSFD is the largest scale unit
that is subdivided into 4 regions (4 assessment units at regional scale). The North-East Atlantic and the
Mediterranean regions are further subdivided, each into 4 subregions, that together with the Baltic
Sea and the Black Sea regions gives 10 assessment units at the subregional scale (Figure 1; not under
debate here). For D6 the proposed level of reporting (the MRUs) is subdivision of these subregions
(that in case of the Baltic and the Black Sea could be seen as subdivision of the region as well). In
chapter 4 an indicative proposal for the number and about positioning of MRUs will be presented.
MRUs could be assessment units as well (e.g. in case of considered representative measurement,
5
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monitoring or modelling results at MRU level). It should be noticed, that from the benthic habitat
perspective all these units are actually subdivided into BHTs (which is the level of reporting in case of
BHTs within MRUs or the level of assessment at larger and smaller scale). It has already been concluded
that a certain broad habitat type (BHT) in one MRU is not the same as in another MRU (due to expected
significant differences in benthic communities independent of the pressure status). Therefore, only
pressure assessment results for BHTs at larger than MRU scale can potentially be representative for
BHTs at MRU scale, but impact – and state assessment results likely deviate and should be calculated
at BHT within MRU level. The other way around, assessment results achieved at smaller scales can
likely be combined to assessment results at larger scales taking surface area ratios also reflected in
confidence levels into account. No information for certain parts at smaller scales is not necessarily a
problem but likely reduces the confidence. The use of ‘random’ small scale assessment area results
(not nested) might make it slightly more complicated when those areas overlap or transgress MRU
borders (although there are options to deal with that). Therefore, also other policy assessment results
with regards to impact – and quality status should be treated with care, as these are often not BHT
specific (transgress BHT borders). Typical smaller scale assessment units that might be of use are
national parts of (BHT within) MRUs and/or coastal parts (distinguished from offshore units); latest
particularly of interest as WFD assessment results might be reused (when considered sufficient
representative for BHTs and pressure climate of concern).
The use of small-scale assessments is optional and might be beneficiary for impact - and state
assessments in case pressure patterns display a clear spatial pattern, with the emphasis on a specific
area or when measures are taken at national scale. At least from the assessment perspective the use
of representative small-scale results might provide more accuracy, provides opportunities to optimally
use measurement and monitoring designs already in place for other purposes, and provides better
insight in management perspectives. National parts of MRUs could function as sub-MRUs as well
providing countries opportunities to report on their share in the quality status of MRUs as well when
they wish. The use of transnational joint measurement or observation programmes tuned to MRU and
BHT distribution seems however to be the most beneficiary design (with regards to the MSFD
requirements) in terms of the efforts needed.

3.3 Scale effects
Working with different scales might have an impact on assessment results that should be
counteracted.

3.3.1 Internal variability
MRUs (and even more so BHT within MRUs) are to a certain extent homogenous units regarding
biogeographic/abiotic characteristics and associated benthic communities. By defining MRUs and
BHTs, key parameter potential variability is reduced to a certain range and so is potential species
occurrence restricted to a set of species and abundances. There will however always be within
BHT/MRU variability within those smaller ranges. Natural variability (in several aspects) within
BHT/MRU is also a characteristic of the BHT/MRU of concern. Comparability among assessment results
for BHTs/MRUs can and should be achieved by MRU-specific adjustment of used reference – and
threshold values. Therefore, it is not necessary for the comparability of assessment results that MRUs
are of about similar size. An MRU (moreover BHT within an MRU) should however be a relatively
homogeneous unit as such that within variability (that can even be large) is everywhere about the
same. If this is the case, the size of an assessment unit is not important to provide a representative
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result for the entire MRU, as long as its size is sufficient large to cover entire variability. Although the
presence of natural gradients and/or spatial patterns within BHTs within MRUs is basically unwanted,
in practice these might be present for several parameters to some extent. For the representativity and
reliability of assessment results it is recommended to cover the internal variability with the used
assessment units, as much as possible. Otherwise, it should be reflected in the uncertainty of the
assessment results. Besides within BHT/MRU natural variability, there might be (known) differences in
management of the area. If so, it is recommended to cover differently treated areas proportionally in
the assessments (optionally as separate assessments for which results are combined at the BHT/MRU
level). In practice, often specific measurement or monitoring is in place in specific management areas
or areas of specific interest. In such case it might be good to split up the assessment in inside - and
outside the management zone assessments, after which results are combined at the BHT/MRU level.

3.3.2 Temporal and spatial comparability
Measurements and therefore assessment results can vary from being spatially continuous via high
density to relative low density point measurements being either field observations or modelling
results. It is dependent of the size of basal units one work with, whether (or which proportion of) a
reporting unit (MRU) is considered under pressure, treated, impacted, or assessed to be at a certain
level of state. If assessments are always done based on representative and sufficient information at
the level of MRUs the comparability is probably not such a problem. In practice however lack of data
can be expected for certain parts, and assessment results from various sources including different
assessment areas (changing in time) might be used and are often needed to come to an as complete
as possible assessment at the MRU scale.
This aspect can be crucial in particularly when talking about whether threshold values are achieved.
Therefore, working with all kinds of different sized/shaped assessment areas might be most
reliable/representative for each of the individual assessments, however, likely leads to different (less
comparable) results4 at the reporting (BHT within MRU) level, where integration is needed. One of the
ways to encounter this challenge is to work with an intermediate step of fixed-size assessment areas
before calculation of final results at reporting level. This actually means that a grid-based approach is
recommended. Working with an intermediate step of fixed-size small scale assessment units (grids), in
which all input data and assessment results must be translated first, might result in some loss of
accuracy for the input data, but will lead to comparability of quality assessments (and relative to
threshold levels in particularly) at the reporting scale. Using a grid-based approach means that all
quality assessments can be expressed in the same qualitative and a quantitative way. For each (BHT
within an MRU) assessment results can be expressed as a quality value relative to a threshold (or
reference) for each grid cell, and the share of grid cells (relative surface area) with a certain (bandwidth
in) quality status, for which a threshold can be defined on itself. Additionally, reliability of input data /
assessment results can be taken into account in the same way, expressing it with an intermediate step
at the grid cell level, combining results of respective cells at the (BHT within) MRU level. Optionally a
threshold for reliability or measurement/monitoring effort can be adopted as well.
The use of fixed different-sized areas like permanent assessment units or c-squares grids, results in
comparability of assessment results of the same reporting area in time but does not provide
4

Used assessment area or grid size will amongst others determine the surface area under pressure or the share
of surface area with information and can for instance make the difference between a small area with high
pressure (and no pressure in the surroundings) and a vast area with substantial pressure or neglectable pressure.
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comparable results between (BHTs within) MRUs. With regards to fixed assessment areas, it is however
questionable whether a certain data availability matching those fixed areas can be maintained through
time. The use of c-squares, to join the reporting standard as generally used to report fishing pressure5,
at least guarantees standardisation and comparability in time and a standardised deviation of
assessment results for reporting areas with latitudes. It seems however to be a relatively small effort
to calculate fishing pressure level for metric grids instead of c-squares. Whether or not to use c-squares
or metric grids is probably less important in case of high data density and/or continues observation.
However, even the assessment of fishery pressure, for which c-squares (with large data availability)
are generally used, is limited by the current ping-rate of 1 or 2 hourly signals (e.g., Shepperson et al.,
2018). This will lead to deviating results for more northern longitudes and the areas with low activities.
It is therefore proposed to adapt a metric grid (in case a grid is of use for the criterium or indicator of
concern) for MSFD assessments. A grid-size of 5 km2 is suggested, as intermediate between c-squares
and the finer scales on which habitat information is provided. To counter possible inaccuracy arising
from the use of grids, it is suggested to use grids for measured or modelled pressure -, impact - and
quality information for extrapolation to the MRU level, but use most accurate shapefiles for habitats,
assessment -, reporting -, management and impact areas for which information comes as shapes
(instead of points and lines for which the corresponding surface is less clear and differs per situation
and with distance from the point/line of observation).
The alternative is to opt for quality assessment at the (BHT within) MRU level without the intermediate
step of using fixed-size grids, using the most accurate input – and assessment data coming with
respective different assessment areas and scales. This might lead to less loss of information at
calculation, but results in uncertainty with regards to whether thresholds are reached, and especially
if patterns differ in time (if data sources vary) and between MRUs. A way to cope with this (to a certain
extent) is to adjust threshold levels (e.g. increase thresholds to minimize the chance on false positive
results).

3.4 Use of other scale assessments
As indicated, a quality assessment at the level of a (BHT within a) MRU can consist of a representative
complete MRU assessment, or of the combination of several assessments for sub-MRU assessment
areas that together give a representative assessment of the MRU. Preferentially those sub-MRU
assessment areas do not overlap (i.e. according to a nested approach together exactly represent the
entire MRU). However, if they do overlap, it is possible to average assessment results (including
confidence level; e.g. as pooled standard deviation) for the respective area of overlap. There might
remain certain sub-MRU parts without information for which other sub-MRU assessments are
apparently not considered representative (e.g. if there is evidence for specific within (BHT within) MRU
variability or differences in treatment or management). In such cases the lack of information should
be reflected (proportionally) in the assessment result for the entire (BHT within) MRU (e.g. by reducing
the confidence of the qualitative assessment result, and/or suggesting that a ‘no data area’ cannot

5

To match VMS recordings and possibly considered more aesthetic for mapping purposes but can result in
estimates deviating a factor 2,2 at European scale between latitudes 26°N and 66°N (approximate surface area
of 0,05 x 0,05 c-square grid cell: 12,6 km2 compared to 27,8 km2). 0,05 x 0,05 c-square grids are common
approach within ICES and therefore also adapted by OSPAR (e.g. benthic habitat impact indicator BH3: Physical
damage of predominant and special habitats).
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does count to reach a possible quantity threshold). Although combining assessment results of various
shaped and scaled areas is possible, it might be easier to do so making use of a grid approach.
Basically proposed/accepted MSFD indicators should lead to similar assessment results at (BHT within)
MRU level, independent of whether an entire MRU or the combination of several sub-MRU assessment
areas covering the entire MRU are assessed. Although information availability at entire (BHT within)
MRU level might be considered sufficient representative, in practice it might be the case that
combining results from small scale assessments might include more detailed information, covering
additional variation not covered by the sufficient representative information at the level of the entire
MRU. It is expected that this only leads to minor differences in assessment results as the specific
assessment areas were expected to be covered at the entire MRU information level or represent
relatively small parts of the MRU. As such sub-MRU small scale assessment areas with (good) data
availability are often not random selections but typically areas with specific management or of special
ecological value or concern, it is very well possible that the quality status of such parts deviates from
the overall MRU. And therefore, when considered, might influence assessment results in the details.
Such sub-MRU assessments do however also often come with additional monitoring/measurement
efforts. Examples of specific small-scale assessments as indicated might be ‘other habitat types’ or
specific communities with special protection measures and accompanying monitoring efforts.
It is essential that with each assessment at any scale (BHT within MRU, or sub-MRU scale) the
confidence level of the assessment is considered. Combining assessment results to the MRU level
should include calculation of the pooled standard deviation (or a derivative) so that the confidence
level is considered in testing against the threshold.
Distinguishing MRUs and evaluate quality status at the BHT within MRU level means that reference –
and threshold values are BHT within MRU specific. Assessments at smaller scales (sub-MRU or within
BHT habitats) should basically be compared with the same reference – and threshold values. It is
however likely that high valued other habitat types (part of BHT) on itself on average represent another
level of quality. It can (sub)regionally be decided that specific ‘other habitat types’ additionally have
an evaluation of their own with habitat specific reference - and threshold values, but these other
habitat types are also always part of BHT evaluations against BHT threshold values. As an example,
seagrass beds can be a specific quality element of for instance the BHT ‘circalittoral sand’, where a
certain percentage of the surface area might consist of seagrass bed under good quality condition. The
seagrass bed on itself might comprise higher biodiversity and therefore seemingly a higher quality
status (compared to the BHT threshold) than its bare substrate surroundings. In evaluation of the BHT
quality status, a seagrass bed on itself is not representative, and should be evaluated combined with
bare substrate in accordance with the relative occurrence (surface area wise) to the BHT threshold.
Additionally, a specific seagrass bed evaluation might be asked (as (sub)regionally agreed), with
comparison to a seagrass bed specific threshold for GES that is likely a higher value than for the BHT
‘circalittoral sand’.

4 WAY TO ARRIVE AT MRUS
The process of defining MRUs (including subregions) should be based on biogeographical patterns. The
abiotic types of habitat of the same kind in different biogeographical (sub)regions will likely support
similar functional communities, however with varying species compositions. Important abiotic
characteristics resulting in the largest/most distinguishing communities are related to temperature
9
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and salinity. An overview of possible biogeographical divisions and a proposal based on that is provided
for the North-East Atlantic by Dinter (2001). These are however large units (also called provinces) that
includes benthic but especially pelagic aspects. The minimum (deviating) reporting level for benthic
habitat quality asks for some more subdivision as indicated by species compositions (e.g., Heip &
Craeymeersch 1995; Arvanitidis et al., 2002; Zettler et al., 2014). Although reporting is already at the
level of (broad) habitats, large patterns in habitat distributions (concerning depth and substrate
characteristics reflecting dominant hydrodynamic patterns, defining connectivity and species
distribution patterns) are of importance in distinguishing subregions as well (e.g. Gubbay, 2014;
HELCOM Monitoring and assessment strategy). Other parameters like trophic states, oxygen
conditions, wave exposure and light penetration (partly also integrated in the systematics to
distinguish broad habitats), could be of relevance for specific regions if they are naturally occurring
phenomena and not the result of anthropogenic activities.
In practice some Regional Sea Conventions (RSCs) do already make use of divisions at subregional or
national level in presenting results (e.g. OSPAR ICG-MAQ Reporting Units Guidance and Intermediate
Assessment – D5.1 Nutrient levels) and HELCOM Monitoring and assessment strategy). There are also
suggestions for subdivisions by Member States (MSs) that distinguish different areas in their MSFD
reporting. On itself these national subdivisions might be too small but could form the bases for larger
transnational MRUs. When suggested borders are not related to management or monitoring activities,
these might be natural or logical transitions from one biogeographic unit into the other that could be
considered for adoption.

4.1 Draft proposal based on large scale patterns in abiotic
conditions and proposed assessment units
Biogeographical transitions in practice are more gradual than what borders of MRUs suggest.
Therefore, the exact positioning of a boundary is not that crucial if it is consolidated and adopted by
all reporting parties and at all levels of assessments. To accelerate the process, an indicative proposal
for subdivision into MRUs is presented in Annex 1. The indicative proposal is only a rough idea of the
number and the position of MRUs. The by RSCs already distinguished subregions have been adopted.
Further subdivision into MRUs, is based on broad scale patterns in parameters expected to be most
important in distinguishing benthic species distributions. Herewith the indicative MRUs are based on
the combination of temperature and salinity maps and chlorophyll and stratification (or proposed
assessment areas based on these) (see Annex 2 for used information) and the MSFD Broad Habitat
Type map to indicate large-scale spatial patterns in habitat composition (the mosaic of habitats
distinguishing large geographical units that likely determine connectivity and species exchange
potentials), taking earlier proposals into account. Proposals considered are the proposals coming from
recent work on reporting units from RSCs, like HELCOM (with regards to HOLAS III) and OSPAR (with
regards to QSR2023; including initiated work within the frame of the EU EMFF project Nea-Panacea;
North East Atlantic project on biodiversity and eutrophication assessment integration and creation of
effective measures), the ICES WKTRADE3 working process (specifically looking for reporting units
linked to management options to reduce the impacts of bottom fishing on seabed habitats and the
trade-offs with fisheries revenue), with regards to the Baltic and the Eastern Atlantic regions, and
suggested eco-regions as identified by the EU FP7 project PERSEUS with regards to the Mediterranean.
The current proposal is to distinguish about:
- Six MRUs for the Baltic Sea region;
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- Five MRUs for the North Sea subregion;
- Five MRUs for the Celtic Seas subregion;
- Six MRUs for the Bay of Biscay and the Iberian Coast subregion;
- Six MRUs for the Macaronesia subregion;
- Four MRUs for the Western Mediterranean Sea subregion;
- Four MRUs for the Ionian Sea and Central Mediterranean subregion;
- Two MRUs for the Adriatic Sea subregion;
- Three MRUs for the Aegean- Levantine Sea subregion, and;
- Three MRUs for the Black Sea Subregion (Sea of Azov and Sea of Marmara excluded);
that are further specified and characterized in Appendix 1. Pattern recognition in abiotic key
parameters and (sub)regional expertise should indicate the final number of MRUs to be distinguished,
and the exact location of those (see 4.2), optionally to be verified with benthic community data.

4.2 Analyses of abiotic key parameters to define MRUs
The eventual differentiation and selection of borders for MRU (optimally covering biogeographical
variation) is a task for the RSCs. Ideally MRUs are distinguished based on benthic community data
(patterns in benthic species compositions). As MRU identification on basis of benthic data might be a
challenging process, as separate analyses are asked for each of the BHTs and observation techniques
on data from reference areas or where anthropogenic impacts can be ruled out, where data availability
might be limited only covering parts of (sub)regions, and final proposals should optimally match each
of the benthic analyses and similar analyses for other MSFD descriptors as well to support general
application and data exchange (optionally via a nested approach), it is proposed to distinguish MRUs
based on patterns in hydrogeographic key parameters as derivates of the biogeographic patterns.
Herewith it is expected that analyses can serve the various descriptors in a similar way, although there
will be differences in the details of most striking transitions of relevance, for instance at the seafloor
or in the water column and/or at the surface, of varying relevance towards specific descriptors. Such
transitions are however likely to a certain extent related, and intermediate borders should be
identified serving each of the descriptors of relevance. (Dependent of the descriptor the scale of
assessment could be larger than the MRUs as described here of relevance for benthic habitat
assessments, and takes place at (sub)regional scale leading to the same results for each of the MRUs
within a (sub)region. Transitions are less relevant for those descriptors and do not have to be
considered).
It is suggested to subdivide (sub)regions (suggestions for about the number and positioning indicated
in chapter 4.1 and Appendix 1) into relative homogenous units for identified hydrogeographic key
parameter values and or variability. Most relevant parameters are:
- Temperature (level and variability)
- Salinity (level and variability)
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- Chlorophyll
- Stratification/oxygen and/or wave action
Additionally, BHT distributions (combining bathymetry/light penetration and substrate types) might
indicate specific barriers for species exchange and can be of value as well.
Which levels and ranges are specifically important is to a large extent (sub)region specific, although
there are generalities in hydrogeographic differences with particular importance to species
occurrences (e.g. Kröncke et al., 2011). It is suggested to identify large-scale patterns according to a
gridded approach, where grid-cells are characterized individually with regards to parameter values
and/or variability. Basically, the grid-size of input data could determine the used grid-size for the
analyses, where it is possible to use a slightly finer scale than one (or a few) of the input data, but it is
not of much use to use a smaller scale than most of the input data. Indicative a 5 km2 grid could be
sufficient. For above-mentioned parameters, for instance Copernicus data-products can be used, that
can optionally be combined with the MSFD Broad Habitat Type map. Analyses basically consist of multivariate similarity/dissimilarity analyses of which the EUNIS habitat mapping (Populus et al., 2017) and
the identification of coherent assessment units for chlorophyll-a and nutrients in the frame of the EU
EMFF JMP EUNOSAT project (Blauw et al., 2019; Enserink et al., 2019) are examples. In both examples
on before-hand identified important parameter classes and suggested boundaries are used, which is
optional in case of evidence of importance in structuring benthic species distributions.
Although national borders and boundaries of management areas are not necessarily related to
biogeographic boundaries and/or species composition distributions, those play an important role in
the current monitoring practice. It is not necessary to force MRU boundaries to alternative positions
based on the findings of the hydrogeographic pattern identifications in case ‘managerial boundaries’
already in use are in the vicinity. Such practical boundaries will help in realizing representative
monitoring for identified MRUs (current monitoring is probably already taking those boundaries into
account) and specific management areas can play a role as sub-MRU assessment areas in the
evaluation.
Although so far benthic community data are not involved in the process of MRU identification, it would
be helpful to validate suggested MRUs by testing for differences in species compositions (independent
of the quality status). This could be restricted to examples on basis of parts of the benthic communities
(e.g. specific benthic parameters or - indicators or species groups) or suitable reference areas, to
overcome limited data availability and/or exhaustive data analyses with large uncertainties.
Step-wise proposal:
- It is proposed that RSCs identify MRUs on basis of hydrogeographic spatial pattern recognition as
described.
- A combined descriptor overarching process of MRU identification is suggested (optionally
assessments for some other descriptors take place at the level of several combined MRUs: e.g.
(sub)regional level); so that from the benthic habitat perspective some concessions with regards to
detailed positioning of boundaries may be required.
- Minor adjustment of findings towards managerial boundaries in the vicinity is allowed.
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- The resulting number of MRUs is expected to be in line with that indicated in 4.1 (although to a
certain extent patterns like that indicated in Annex 1 are expected, it is very well possible that
alternative MRUs are found).
- Validation of the findings with benthic community data is recommended.
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ANNEX 1. INDICATIVE PROPOSAL MRUS
(Indicative proposals are in process of change; number of MRUs for adapted proposals indicated in
chapter 4.1; new proposals will come with a rough hydrogeographic characterisation per MRU
distinguishing it from the others)

A1.1 Baltic Sea region
A1.1.1 Indicative MRUs Baltic Sea

Suggest alternative with 6 MRUs considering WKTRADE3 suggestion and proposal coming from HOLAS
III (some assessment units aggregated to end up with 6 MRUs).
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A1.2 North East Atlantic region
A1.2.1 Indicative MRUs Greater North Sea subregion

Consider WKTRADE3 suggestion and proposal coming from Nea-Panacea/QSR2023 (some assessment
units aggregated to end up with 6 MRUs)

A1.2.2 Indicative MRUs Celtic Seas subregion

Consider WKTRADE3 suggestion and proposal coming from Nea-Panacea/QSR2023 (some assessment
units aggregated to end up with 5 MRUs)
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A1.2.3 Indicative MRUs Bay of Biscay and the Iberian Coast subregion

Consider slight adaption towards WKTRADE3 suggestion.

A1.2.4 Indicative MRUs Macaronesia subregion
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A1.3 Mediterranean Sea region
A1.3.1 Indicative MRUs Western Mediterranean Sea subregion

Consider slight adaptations conform PERSEUS map (aggregations of ecoregions as MRUs)

A1.3.2 Indicative MRUs Ionian Sea and Central Mediterranean subregion

Consider slight adaptations conform PERSEUS map (aggregations of ecoregions as MRUs)
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A1.3.3 Indicative MRUs Adriatic Sea subregion

Consider slight adaptations conform PERSEUS map (aggregations of ecoregions as MRUs) and
reduction to 2 MRUs.

A1.3.4 Indicative MRUs Aegean-Levantine Sea subregion

Consider adaptations conform PERSEUS map (aggregations of ecoregions as MRUs) and HR MSFD
assessment areas.
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A1.4 Black Sea region
A1.4.1 Indicative MRUs Black Sea
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ANNEX 2. CHARACTERISATION OF EUROPE’S REGIONAL SEAS
Providing information/maps used to come to indicative proposals for MRUs. All maps presented in
SEABED_2-2019-08 unless otherwise indicated.

A3.1 Baltic Sea region
A3.1.1 Baltic Sea bottom temperature- winter and summer (average 2011-2013)

A3.1.2 Baltic Sea bottom salinity –winter and summer (average 2011-2013)
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A3.1.3 HELCOM system of nested assessment areas for the Baltic Sea region

HELCOM system of nested assessment areas6. Blue lines show the subdivisions of the region. The
'national part of a subdivision' is delineated using national borders of marine waters (red lines)7.
WFD Coastal Waters extending to 1nm from baselines are shown (yellow areas).

6

HELCOM Monitoring and assessment strategy

7

This national part of a subdivision is not formally part of HELCOM’s system.

22

SEABED_6-2021-04

A3.2 North-East Atlantic Sea region
A3.2.1 NE Atlantic Sea bottom temperature - winter and summer (average 20112013)

A3.2.2 NE Atlantic Sea sea-surface salinity - Autumn 2012 (PSU)

8

8

Note in dark blue areas (below 31) salinity values can equate to anything between 0-31psu
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A3.2.3 NE Atlantic Sea bottom salinity –winter and summer (average 2011-2013)

A3.2.4 Assessment areas for the NE Atlantic region as proposed by OSPAR ICG-Eut
for eutrophication assessments

Assessment areas as agreed by OSPAR ICG-Eut Contracting Parties for their joint
eutrophication assessment for the OSPAR Quality Status Review (QSR2023).
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A3.2.5 Preliminary proposal for assessment areas from ICES WKTRADE3 workshop to
present fishing pressure, impacts and economic benefits (per BHT) for tradeoff analyses
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A3.3 Mediterranean Sea region
A3.3.1 Mediterranean Sea bottom temperature - winter (average 1999-2010)

A3.3.2 Mediterranean Sea surface temperature – winter (average 1999-2010)
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A3.3.3 Mediterranean Sea surface temperature – summer (average 1999-2010)

A3.3.4 Mediterranean Sea surface salinity –winter (average 1999-2010)
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A3.3.5 Mediterranean Sea bottom salinity –winter (average 1999-2010)

A3.3.6 Map with Mediterranean marine ecoregions as the result of the EU FP7 project
PERSEUS
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Mediterranean marine ecoregions as suggested management regions based on the spatial
distributions of the communities at various trophic levels and environmental variables. Map
extracted from the PERSEUS Ecoregions factsheet available at: http://www.perseusnet.eu/assets/media/PDF/EMD_Megaro_Mousikis_May2015/4252.pdf

A3.4 Black Sea region
A3.4.1 Black Sea surface temperature – autumn (average 2012)

A3.4.2 Black Sea surface salinity –Autumn (average 2012)
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A3.4.3 Black Sea key parameters (Water velocity, Chlorophyll, Salinity, Sea surface
temperature, Mixed layer thickness, Bottom temperature) on January 18th 2018

Black Sea key marine parameters (www.copernicus.eu; Credits: CMEMS, processing by Visioterra,
2018).
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