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Executive summary

The Marine Strategy Framework Directive (MSFD) requires Member States to achieve good en-
vironmental status (GES) across their marine waters. The EU have requested ICES to advise on
methods for assessing adverse effects on seabed habitats, through selection of relevant indicators
for the assessment of benthic habitats and seafloor integrity and associated threshold values for
GES in relation to Descriptor 6 — Seabed integrity under the MFESD.

Two sets of criteria were developed to evaluate indicators and thresholds respectively for eval-
uation of suitability for assessing GES. 16 indicator and 12 threshold criteria were compiled and
weighted by importance. The criteria were designed for evaluation at a subregional or regional
level. The scoring for these criteria is meant as a guidance when choosing indicators and thresh-
olds, so failure to meet one criterion will not necessarily prevent the use of the indicator or thresh-
old in an assessment. The framework was evaluated for 6 indicators and for 11 methods for set-
ting thresholds. The criteria were found to be useful for evaluation both indicators and thresh-
olds. The process works most consistently when there are experts in the group on both the crite-
ria themselves and on the indicators and thresholds.

The MFSD Descriptor 6 determination of GES needs both a quality threshold (when are seabed
habitats in a good state in a specific location) and an extent threshold (proportion of the assess-
ment area that needs to have seabed habitats in good state). Eleven different methods for setting
thresholds were identified, of which more are suitable for setting quality than for extent thresh-
olds. Preferred methods identified an ecologically-motivated difference between a good and de-
graded state, rather than another transition. Quality thresholds based on the lower boundary of
the range of natural variation were considered most promising. This approach can be used for
most, but not all, indicators.

The WK collated a standardized dataset to test the specificity, sensitivity and/or responsiveness
of sampling-based benthic indicators to pressure gradients for evaluation by WKBENTH3. Risk-
based methods will be evaluated as maps and by scored sensitivity and impact score per MSFD
habitat type and subdivision. Participants provided input into the selection of indicators for the
compilation of indicators. A template was developed for documenting the characteristics of each
indicator to facilitate the evaluation of the indicators.
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1 Introduction

Countries and Regional Sea Conventions are developing indicators of pressure and impact on
benthic habitats, including from bottom-trawl fisheries (Figure 1.1). Such indicators are devel-
oped to support status assessments for the Marine Strategy Framework Directive (MSFD) and
underpin the management needed to ensure that biodiversity, structure and function of benthic
ecosystems are safeguarded, and fisheries production is sustained.

The EU (DG ENV) have requested ICES to “advise on methods for assessing adverse effects on seabed
habitats”. This workshop, WKBENTHS?, is the first of two workshops, to review and develop the
required technical work. Following a peer-review of the WKBENTH2 report and technical ser-
vice, another workshop will be convened (WKBENTHS3) to evaluate the proposed assessment
methods and thresholds using agreed upon criteria, methods and analysis of their performance.
Based on peer-review of this work, formal advice will be prepared by ICES Advisory Committee
(ACOM) to be published as ICES Advice and delivered to the EU by December 2022.
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Figure 1.1 Evaluating seafloor impact and benthic habitats that are at greatest risk from human activities disturbing the
seafloor.
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The technical workshop was conducted as two hybrid meetings, each of 3 consecutive days. The
work was organized around plenary sessions and breakout groups. WKBENTH2 had 64 partic-
ipants, with an average of 25 active participants during any one day. Participants represented 40
different countries and included all EU waters (Iberian Coast, Celtic Sea, Bay of Biscay, North
Sea, Baltic Sea, Mediterranean and the Black Sea). Benthic and policy experts from EU-funded
projects, Regional Seas Conventions, and academia participated.

The structure of this report follows the four workshop resolutions (annex 2):

. Chapter 3 - Establish a set of criteria that can be used to evaluate suitability of regional
indicators/assessment methods to assess adverse effects on seabed habitats for MSFD
purposes (ToR A)

. Chapter 4 - Review methods and criteria to set thresholds adverse effects on seabed hab-
itats, and suggest operational options that can be illustrated using worked examples
(ToR B)

. Chapter 5 - Suggest quantitative and qualitative ways to evaluate and compare suitabil-
ity and performance of indicators/assessment methods (ToR C)

. Chapter 6 - Provide input to a draft compilation of regional indicators/assessment meth-
ods to set threshold and assess adverse effects on seabed habitats (ToR D)
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Policy context

The Marine Strategy Framework Directive (MSFD, 2008/56/EC) requires Member States to
achieve and maintain good environmental status (GES) across their marine waters in relation to
the eleven ‘descriptors’ set out in MSFD Annex 1. Descriptor 1 (benthic habitats) and Descriptor
6 (sea-floor integrity) are the main descriptors for assessing the state of the seabed, while other
descriptors address particular pressures and impacts on the seabed (e.g. D2 — non-indigenous
species, D5 — eutrophication).

Commission Decision (EU) 2017/848 (the "GES Decision’) sets out criteria and methodological
standards for determining GES and assessing the extent to which it has been achieved. It defines
that benthic habitats (D1) and sea-floor integrity (D6) are to be addressed together via the assess-
ment of 22 benthic ‘broad habitat types” (BHTs) and at the scale of biogeographically relevant
‘subdivisions’ of each MSFD region or subregion. If wanted EU Member States can add so called
other habitat types (OHTs) to their assessments. OHTs were not part of the workshop discus-
sions.

The GES Decision sets out the following criteria for benthic habitats:

i. D6C1 Physical loss

ii. D6C2 Physical disturbance

iii. D6C3 Adverse effects of physical disturbance on habitats
iv. D6C4 Extent of habitat loss

v. D6C5 Extent of adverse effects on the condition of a habitat

As stated in the revised Art.8 guidance document, “The overall status is represented by the as-
sessment of D6C5 per BHT, including the assessment of D6C3 and D6C4. GES of the BHT is
achieved when these criteria have met the respective threshold values (extent threshold for
D6C4, and quality and extent thresholds for D6C5). The extent of adverse effects from disturb-
ance (D6C3) and the state (impact) assessment, and inputs from other descriptors (either as spa-
tial impact analysis or qualitative description, as deemed appropriate) contribute to D6C5”.

Biogeographically relevant ‘subdivisions’ for assessment were not fully defined by Member
States in their 2018 MSFD Article 8 reports, although aspects of the assessments (e.g., for as-
sessing D6C3) were done at subdivision level in the North-east Atlantic region (OSPAR Interme-
diate Assessment 2017). In the absence of subdivisions agreed by Member States, the ICES 2021
advice used an indicative set of 22 subdivisions covering the four regions/subregions addressed
by the advice. Further work is needed by Member States to define operational subdivisions for
these and other (sub)regions for use in the next (2024) updates of the MSFD Article 8 assessments;
this definition should be achieved through regional cooperation, including via the preparation
of quality status reports by the regional sea conventions.

The quality and extent threshold values and the method for assessing overall status of a habitat
(integration of criteria D6C4 and D6C5) are being established through a Union-level process,
considering regional or sub-regional specificities. The process will be overseen by the MSFD
Common Implementation Strategy (CIS), particularly the Technical Group on seabed habitats
and sea-floor integrity (TG Seabed), the Working Group on Good Environmental Status (WG
GES) and the Marine Strategy Coordination Group (MSCG). TG Seabed was established in 2018
to develop a framework for assessing seabed habitats and to propose quality and extent
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threshold values for criteria D6C4 and D6C5 of Commission Decision (EU) 2017/848. The work
of TG Seabed has been supported by ICES, through a number of ICES Advice documents.

In 2017, ICES held a series of workshops (WKBENTH, WKSTAKE, and WKTRADE) to address
an advice request from the European Commission to evaluate indicators for assessing pressure

and impact on the seafloor from one human pressure — mobile bottom-contacting fishing - and
demonstrate trade-offs in catch/value of landings relative to impacts and recovery potential of
the seafloor. Methods for assessing seafloor impact from mobile bottom-contacting fishing gears
were developed and ICES advised on a set of indicators for assessing pressure and impact. These
indicators were selected based on their ability to describe impacts on a continuous scale, because
they could be used in the evaluation of trade-off between the fisheries and their impacts on the
seabed, and applied to large sea areas and thus be suitable for MSFD assessment purposes.

Using some of the propose assessment methods, ICES ran a series of workshops (WKTRADE3)
in 2021 to evaluate the suite of management options prioritized by stakeholders for different EU
marine regions and analyse their consequences for the overall benefit to seabed habitats and loss
of fisheries values.

HELCOM and OSPAR have also been developing indicators for assessing seabed habitats. These
are based on models, quality sensitivity classification or impact-risk classification (e.g., BH3,
Cuml), empirical data of infauna (e.g., grab samples) and/or epifauna (e.g., bottom trawl hauls,
under water images) (e.g., BH1-SoS, BH2, other benthic indicators) from different data sources
(e.g., MEDITS, DATRAS) or drawing upon Water Framework Directive (WFD) and the Habitats
Directive (HD) assessments (e.g., BQIs, other benthic indicators). First assessments were pro-
duced in 2017 (OSPAR Intermediate Assessment) and 2018 (HELCOM HOLAS II); further indi-
cator development is underway within both RSCs for use in their forthcoming quality status
assessments.

In addition to using RSC indicators and assessment results for 2018 MSFD reporting, Member
States have used a variety of national indicators to assess GES of seabed habitats. Many of these
are Water Framework Directive (WFD) and/or Habitats Directive (HD) indicators, applicable to
coastal waters and focused on assessing nutrient and organic matter enrichment (i.e., eutrophi-
cation) or modified from WFD indicators for use beyond coastal waters. However, some Member
States have also used or funded the development of other alternative D6 indicators (e.g., GBPI,
mTDI, pTDI, AMBIL BENTIX; Labrune ef al, 2021, Jac et al., 2020).

TG Seabed has prepared reports that outline the principles for assessing adverse effects on sea-
bed habitats (MSCG_29-2021-05) and the standards that need to be met by indicators (SEA-
BED_7-2021-10). Preparation of these reports has revealed the complexity of assessing adverse
effects on seabed habitats, due to the wide range of seabed habitat types, to the variation in re-
sponse to different pressures (e.g., physical, biological, chemical) and to the wide variety of avail-
able indicators. Consequently, further advice from ICES is sought on detailed aspects of assess-
ment methodologies (i.e., for risk and state indicators), how the indicators respond to different
pressures, how habitat quality should be assessed through use of threshold values, and how well
the assessment results correspond between the different indicators. ICES will take account of TG
Seabed reports and existing relevant literature when preparing its advice.

ICES
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The intercalibration process in the Water Framework Directive (WFD) was aimed at ensuring
comparability of the classification results of the WFD assessment methods developed by the
Member States for the biological quality elements. The essence of intercalibration is to ensure
that the high-good and the good-moderate boundaries in all Member States’ assessment methods
correspond to comparable levels of ecosystem alteration. Therefore, the intercalibration exercise
must establish values for the boundary between the classes of high and good status, and for the
boundary between good and moderate status, which are consistent with the normative defini-
tions of those class boundaries given in Annex V of the WED. In the frame of the intercalibration
exercise also the compliance of Member States assessment methods with the provisions of the
Directive are checked.

To improve this process, an intercalibration procedure was developed defining more clearly the
individual intercalibration steps and introducing several checking criteria. This was done in two
steps, with the first guidance document published in 2005 for the first phase of the intercalibra-
tion (2004-2006) (CIS Guidance Document No. 14), showing several gaps and uncertainties as to
the comparability of results. Therefore, an updated guidance was produced during the second
phase of the intercalibration (2008-2011).

The technical intercalibration process consist of different steps and options and is presented in
the flow chart (Figure 2.1). The questions that are asked in the flow chart serve the purpose of
performing four basic checks for the identified necessary steps of the intercalibration exercise:

. Preconditions check: Check the compliance of national assessment methods with the
WED requirements with the help of WED compliance criteria;

J Intercalibration feasibility check: Screening of Member States” assessment methods for
acceptance in the current intercalibration exercise with the help of method acceptance
criteria;

. Data set check: Evaluation of Member States” datasets for inclusion in common dataset /

boundary calculations with the help of data acceptance criteria;

. Comparison of boundaries: Assess level of agreement of boundaries with the help of
comparability criteria.
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WED and MSFD

Some of the aspects of the WED intercalibration guidance are potentially relevant to be used for
checking comparability between the MSFD benthic assessment methods. Although the MSFD
does not strive to have a WFD like intercalibration process, it is worthwhile to look for synergies
and some of these are listed here:

. The MSFD is less strict in defining the indicator requirements compared to the WFD (Van
Hoey et al., 2010) and a compliance check is not necessary. It is nevertheless advisable to
outline for each MSFD assessment method how it concretely aligns to the MSFD de-
scriptor criteria.

. The WEFD intercalibration feasibility check is of relevance for the MSFD, as comparison
of dissimilar methods (“apples and pears”) has clearly to be avoided. In the WED, the
intercalibration exercise was focused on specific type / biological quality element / pres-
sure combinations. The second step of the process introduced an “IC feasibility check”
to restrict the actual intercalibration analysis to methods that address the same common
type(s) and anthropogenic pressure(s), and follow a similar assessment concept. Differ-
ent community characteristics - structural, functional or physiological - can be used in
assessment methods which can render their comparison problematic. For example, bio-
diversity indices may give a different view on structural characteristics of the community
compared to species composition indices. In several cases, the concept of the method
required more specific typology issues to be taken into account to ensure comparability
of results, e.g., the habitat typology for marine benthic fauna. This aspect accounts also
for the evaluation of the MSFD assessment methods.

J The WEFD intercalibration was rather complex (e.g. (pseudo)-common metrics; harmoni-
zation of reference conditions) and technical (boundary bias and class agreement).
Whether such detailed comparability tests are needed for MSFD purposes need to be
discussed, but some of the principles might be useful to evaluate MSFD assessment
method comparability. WFD comparability was based on three different options depend-
ing on how comparable the approaches of the national methods were:

Option 1 - same data acquisition and same numerical evaluation: Member States are us-
ing a common assessment method and intercalibration process can concentrate on the
harmonisation of reference conditions and class boundary comparison/setting;

Option 2 - different data acquisition and different numerical evaluation: requires the de-
velopment of common metrics for intercalibration;

Option 3 - similar data acquisition but different numerical evaluation: necessitates direct
comparisons in which the pairwise differences of national assessment results are inves-
tigated. Common metrics are highly recommended as a supporting approach to evaluate
the influences of biogeographical differences, the definition of reference conditions and
the actual boundary setting.

Comparability was always checked through the analysis of two components: boundary
bias and class agreement (Figure 2.2). Sufficient comparability is reached when accepta-
bility criteria on boundary bias are met, and class agreement has been checked.

Boundary bias is the deviation in the relative positioning of class boundaries and measured by the
magnitude and direction of deviation by a class boundary of one national method relative to the
common view of the Member States (i.e. defined by the common metric or by the global mean of
all the methods = pseudo-common metric, for the high and good, and good and moderate status
class boundary). This deviation is expressed in class equivalents. It reflects the level of ambition
of different methods or how stringent Member States are in defining the good ecological status.
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The value to meet the boundary bias criteria is that the different national boundaries should not
differ more than 0.5 class from each other (= the maximum boundary deviation above or below
each national boundary is a quarter of a class). If this is not the case, the member states need to
adapt their boundaries until they are in line.

Class agreement is the confidence that two or more national methods will report the same class
for a given site, as calculated by the average absolute class difference between all pairs of eco-
logical quality ratio values across all participating Member States, the proportion of classifica-
tions differing by an agreed amount (half a class), and the multirater kappa coefficient. Class
agreement depends a lot on how closely the methods are related.

Plot of the respective boundaries
(H/G in this case) on Do all methods report the same class?

a common scale . - .
— —
“"‘-—-______' - -
Member . - .
State
Member Member Member
Member State B State A State B State C

Direct comparison

(Pseudo-) Common Metric

Member State A

Figure 2.2. lllustrations of boundary bias (left) and class agreement (right) analyses.

WED intercalibration example for benthic indicators in coastal Northeast Atlantic waters
The intercalibration of coastal waters in the Northeast Atlantic Geographical Intercalibration
Group (NEA-GIG) has a long history. In the first phase, a pioneering intercalibration exercise
was executed, which showed a high consistency between the different benthic assessment ap-
proaches of United Kingdom, Spain (m-AMBI), Denmark and Norway on a common benthos
dataset (Borja et al., 2007). In the second phase, when the intercalibration guidelines were devel-
oped, a re-run of the analyses of the coastal waters of phase I following the new comparability
criteria was executed. However, this process could not be completed in phase II for several rea-
sons. The main recommendation from the Review Panel on the intercalibration exercise for the
coastal waters in the NEA-GIG region was that additional analyses should be done (including
all methods and all Member States) to further refine the comparability (Davies, 2012). Therefore,
in phase III, under the form of a JPI oceans pilot action (http://www jpi-oceans.eu/intercalibra-
tion-eu-water-framework-directive), this process was executed. In this phase, the benthic assess-
ment approaches of nine European Member States (Belgium, Germany, Denmark, France, Ire-
land, the Netherlands, Portugal, Spain and the United Kingdom) and Norway were intercali-
brated. The report Van Hoey et al. (2015) compiles all the latest information regarding the benthic
WED assessment approaches, boundary- and reference settings for each Member State and com-
mon dataset characteristics. Specific analyses were conducted to demonstrate the pressure-re-
sponse relationships of the benthic assessment approaches, detect possible biogeographical dif-
ferences in the common dataset, perform an alternative benchmark delineation and the compa-
rability analyses following the intercalibration guidelines. The result was that all benthic assess-
ment approaches, except Benthic Opportunist Annelids Amphipods (BO2A) index, were finally
meeting the comparability criteria of the intercalibration guidance, after raising the good/mod-
erate boundary of Spain (m-AMBI) to a higher value.

ICES
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Criteria to evaluate the suitability of indicators/as-
sessment methods (ToR A)

In a world where there are many indicators proposed for use in the MSFD, it is important to have
a way of evaluating the relative merits and values of these indicators and threshold values for
management of GES that can be derived from them. There are also a wide range of possible
“criteria to assess the suitability of state indicators” (Kershner et al., 2011). The ICES working
group on the Ecosystem Effects of Fishing Activities (WGECO) in 2012 (ICES 2012) was asked to
evaluate approaches to developing criteria for adopting indicators for MSFD descriptors. This
was largely based on the work of Rice & Rochet (2005). The WGECO approach was applied by
WGBIODIV in 2013 (ICES 2013a). WGBIODIV adapted and revised the table of criteria from
WGECO 2012 to evaluate the performance of “common indicators” proposed by OSPAR to sup-
port implementation of the MSFD at sub-regional and regional scales. The 16 criteria were
grouped into five main categories, and the principle characteristic of each indicator’s perfor-
mance examined against each of the criteria. Each criterion was also given an importance
weighting, so that those criteria considered most important were represented more strongly in
the aggregate, additive, scoring of each indicator. Guidelines for assessing the level of compli-
ance of each indicator against each criterion were also provided. This table from WGBIODIV was
used as the basis for table 1 where the criteria have been adapted and expanded in the context of
sea floor integrity indicators specifically.

WKBENTH 1 (ICES 2017), also developed more specific set of indicator evaluation criteria in the
context of MSFD D6. This used many of the criteria from WGECO/WGBIODIV but also raised
some new ones. Additionally, an extensive review was carried out for Department of Fisheries
and Ocean Canada for indicator criteria (Bundy et al 2019). Both these reports were examined,
and cross checked against the WGECO/WGBIODIV table, and modifications made as appropri-
ate.

The ToR also asked for methods to evaluate the thresholds that could be derived for each of the
indicators. The assumption would be that, in general, only the higher scoring indicators (or those
retained for other reasons) would then be evaluated in terms of the methods and approaches to
threshold development. Threshold evaluation was addressed by WGECO in 2013 (ICES 2013b),
and a second table, adapted from the indicator table (ICES 2012) was produced. These were not
given any weightings at the time, and these were developed at this workshop.
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3.1 Criteria to evaluate the suitability of indicators

WKBENTHI1 developed 11 evaluation criteria, and with some sub-criteria. These are summa-
rised below taken from Table 8.1.1. in the WKBENTH report (ICES 2017). Each criterion was
evaluated against the WGECO/WGBIODIV table (ICES 2013a):

1. Scientific evidence must provide a clear basis linking ecosystem features to impacts from
bottom contacting fishing gears that are relevant to the achievement of objectives
a. Does the indicator relate to features of the benthic community?
b. Is there evidence linking pressure to ecosystem features?

Both these criteria are addressed in WGECO/WGBIODIV Criterion 6

2. Trends in the indicator should be sensitive to changes in the pressure
a. Isthe indicator responsive to changes in pressure?
b. Can the indicator be used to measure progress in time (e.g. GES in MSFD)
c. Does the indicator represent tolerance/ resistance and recovery/resilience aspects?

Criterion 2a is addressed in WGECO/WGBIODIV Criterion 6, and 2b in Criterion 2

3. Indicators should respond to the properties they are intended to measure (and it should be
possible to disentangle the effects from other factors)
a. Does the indicator solely relate to a single pressure (e.g. fishing disturbance or can
effects from a single pressure be disentangled?
b. Can the method quantify uncertainty?

Criterion 3b is addressed in WGECO/WGBIODIYV Criterion 3. Criterion 3a relates to spec-
ificity/sensitivity and is discussed below.

4. The underlying data layers should be adequate
a. What is the type of data for indicator development?
Is the spatial coverage of underlying data appropriate for indicator development?
Are broad-scale habitat types represented?
Are all relevant activities, e.g. all bottom-contacting fishing gears included?
Is the output quantitative, semi-quantitative, or qualitative?

P aon o

Criteria 4a and 4e are addressed in WGECO/WGBIODIV Criterion 4. Criterion 4b is ad-
dressed in WGECO/WGBIODIV Criterion 5, and 4c is included implicitly as the criteria
relate to region and sub-region.

5. An appropriate reference informs the model
a. Isareference state used to inform the indicator?
b. Is an unimpacted reference state in relation to condition used to inform the indica-
tor?

Criteria 5a and 5b are addressed in WGECO/WGBIODIV Criterion 7

6. The indicator includes mechanisms that adhere to the precautionary principle

11
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a. Isaprecautionary margin included in the indicator
b. Is the indicator sensitive to keystone functions/species

Criterion 6a was considered as more appropriate for threshold evaluation. Criterion 6b
was not included for this report as it would require a definition of what is “keystone” and
would likely require a set of criteria for that definition.

7. The indicator is cost effective
a. Ismore empirical data required to apply the indicator to all broad-scale habitat types
b. Is ongoing habitat monitoring required for indicator refinements?

Criteria 7a and 7b are addressed in WGECO/WGBIODIV Criterion 11

8. The indicator is able to include other pressures or cumulative effects
a. Can cumulative physical abrasion be included?
b. Can other pressures be included in the indicator?

These criteria were considered as relating to single v. multiple metric indicators, and this
is now addressed in WGECO/WGBIODIYV Criterion 6b

9. The indicator should be broadly applicable and comparable across regions
a. Does the indicator cover all relevant broad-scale benthic habitats types? C5
b. Does the indicator allow cross-regional comparison? C5

Criteria 9a and 9b are addressed in WGECO/WGBIODIV Criterion 5

The WGBECO/WGBIODIV indicator evaluation criterion table was modified by WKBENTH 2 to
make some of the criteria more appropriate to the seafloor integrity descriptor, and to clarify
some of guidelines after reconsideration by the members of the current workshop. It was also
updated to include considerations from WKBENTH 1 above. Consideration was also taken of
more recent work on indicator evaluation criteria (Bundy et al 2019, Shin et al 2018. Most partic-
ularly this was with reference to the definitions and value of specificity and sensitivity. For sen-
sitivity, WKBENTH 1 (ICES 2017) defined this as “Trends in the indicator should be sensitive to
changes in the pressure”. Houle ef al (2012) define sensitivity as measuring how much an indi-
cator would change if the community changed. For specificity, WKBENTH 1 (ICES 2017) said
that “Indicators should respond to the properties they are intended to measure (and it should be
possible to disentangle the effects from other factors)”. Houle et al defined sensitivity as a meas-
ure of the proportion of change in the indicator attributed to fishing (or any other specific pres-
sure) compared with other causes.

Criterion 1: State or pressure? This asked if the indicator was a "pressure" indicator being used
for want of an appropriate "state" indicator? As this is a common approach in seafloor integrity
indicators, for risk analysis, it was considered as redundant for WKBENTH 2.

Criterion 2: Existing and ongoing data. There was some uncertainty about this criterion as to
whether it referred to widely available data or only in one region or sub-region. The guidelines
were edited to add: “Indicator could be scored high even if only in one region. So the data
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support would have to include all the necessary data streams to calculate the indicator for that
region”

Criterion 3 & 4: Minor language edits

Criterion 5: This was modified to refer to commercial gear as well as spatial coverage addressing
WKBENTHI criterion 4d. “Are all relevant bottom-contacting fishing gears included?” The text
was modified to include that it should refer to a “a representative proportion of the MSFD sub-
region (in terms of ecological and pressure gradients”.

Criterion 6a: This criterion is where the concepts of sensitivity and specificity are included
(Bundt ef al 2019). The text has not been modified as these concepts were included, but perhaps
needed emphasis.

Criterion 6b: This is a new criterion, and is designed to identify whether the indicator is specifi-
cally linked to a single (or predominant) pressure, making it “specific”, or is not linked to a single
(or predominant) pressure, but affected by a number of pressures, making it “non-specific”. This
criterion is not scored but represents a flag for attention. WKBENTHI1 considered it desirable for
an indicator to integrate multiple pressures, while WGECO/WGBIODIV felt that “specificity”
was the critical factor. Both positions have merit, so this has been taken in a different approach,
and the criterion can be used to separate the two indicator types, and allow the evaluator to
determine which is most appropriate. WKBENTH2 participants concluded that both indicator
types are equally important for the MSFD assessment of benthic habitats.

Criterion 7: Minor language edits

Criterion 8: The text was altered slightly to reflect that indicator links directly to management
response should be included whether or not they are immediately operational.

Criterion 9-16: Minor edits

The final selection of criteria, rationale, weighting and guidance on scoring are presented in Ta-
ble 3.1.1.
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Table 3.1.1. Revised WGECO (ICES 2012) criteria used by WGBIODIV (ICES 2013) to evaluate the performance of “common indicators” proposed by OSPAR to support implementation of the
MSFD at sub-regional and regional scale. The 16 criteria are grouped into five main categories, and the principle characteristic of each indicator’s performance examined by each criterion is
given. The importance weightings, and their associated scores, assigned by WGBIODIV to each criterion are shown, as are the guidelines for assessing the level of compliance of each indicator
against each criterion. Pale blue cells indicate criteria not contributing to WGBIODIV’s analytical assessment of the performance of the OSPAR “common indicators”. In the compliance guide-
lines column, criteria automatically given a zero compliance score if the indicator was deemed to be a “pressure” indicator (criterion 1) are highlighted.

Crite- Category  Characteristic Criterion Importance Importance  Guidelines for Compliance Assessment.
rion Weighting Score A
No. Score B
1 Type of In-  State or pressure Is indicator a "pressure" indicator being used for want Fully met (1): indicator is a "state" indicator; Not met
dicator of an appropriate "state" indicator? (0): indicator is actually a "pressure" indicator.
Not scored for WKBENTH2
2 Quality of  Existing and ongoing  Indicators must be supported by current or planned Core Fully met (1): long-term and ongoing data from which
underlying data monitoring programmes that provide the data neces- historic reference levels can be derived and past and
data sary to derive the indicator. Ideal monitoring pro- future trends determined; Partially met (0.5): no
grammes should have a time series capable of sup- baseline information, but ongoing monitoring or his-
porting baselines and reference point setting. Data toric data available, but monitoring programme dis-
should be collected on multiple sequential occasions continued, however potential to re-establish the pro-
using consistent protocols, which account for spatial gramme exists; Not met (0): data sources are frag-
and temporal heterogeneity. mented, no planned monitoring programme in the fu-
ture.
Indicator could be scored high even if only in one re-
gion. So the data support would have to include all
the necessary data streams to calculate the indicator
for that region
3 Quality of  Indicators should be Indicators should ideally be easily and accurately de-  Core Fully met (1): data and methods are technically feasi-
underlying concrete termined using technically feasible and quality as- ble, widely adopted and quality assured in all aspects,
data sured methods, and have high signal to noise ratio, signal to noise ratio is high; Partially met (0.5): poten-

i.e. there is little variance in the calculation of the in-
dicator, either from natural variability or sampling
variability.

tial issues with quality assurance, or methods not
widely adopted, poor signal to noise ratio; Not met
(0): indicator is not concrete or doubtful; noise exces-
sively high due either to poor data quality or the indi-
cator is unduly sensitive to environmental drivers

ICES



ICES | WKBENTH2 2022

Crite- Category  Characteristic Criterion Importance Importance  Guidelines for Compliance Assessment.
rion Weighting Score A
Score B

No.

4 Quality of  Quantitative versus Quantitative measurements are preferred over quali-  desirable 2 Fully met (1): most data for the indicator are quanti-
underlying qualitative tative, categorical measurements, which in turn are tative; Partially met (0.5): e,g. data for the indicator
data preferred over expert opinions and professional judg- are semi-quantitative or largely qualitative; Not met

ments. (0): the indicator is largely based on expert judge-
ment.

5 Quality of  Relevant spatial and Data should be derived from a representative propor- Core 3 Fully met (1): Representative monitoring is under-
underlying gear_coverage tion of the MSFD sub-region (in terms of ecological taken across the sub-region; Partially met (0.5): moni-
data and pressure gradients), at appropriate spatial resolu- toring does not cover the full sub-region or the gears

tion and sampling design, to which the indicator will used and/or is not fully representative, but is consid-
apply. ered adequate to assess status at sub-regional scale;
Not met (0): monitoring is undertaken across a lim-

This should include if the indicator is capable of in- . ( ) & . ; .

i i i _ X X ited fraction of the sub-region or gears and is consid-
cluding different gears with different impacts on habi- . .

s e me ered inadequate to assess status at sub-regional

tats or species, if this is relevant for the indicator and scale
its application. '

6 Quality of  Reflects changes in The indicator reflects change in the state of an eco- Core 3 IF CRITERION 1 IS SCORED 0 THEN THE SCORE MUST
underlying ecosystem compo- logical component that is caused by specific signifi- BE 0. Otherwise: Fully met (1): the indicator is primar-
data nent that are caused  cant manageable pressures (e.g. fishing mortality, ily responsive to a single or multiple pressures and all

by variation in any
specified manageable
pressures

SENSITIVITY and
SPECIFICITY

habitat destruction). The indicator should therefore
respond sensitively to particular changes in pressures.
The response should be unambiguous and in a pre-
dictable direction, based on theoretical or empirical
knowledge, thus reflecting the effect of change in
pressures on the ecosystem component in question.
Ideally the pressure-state relationship should be de-
fined under both the disturbance and recovery
phases.

the pressure-state! relationships are fully understood
and defined, both under the disturbance and recov-
ery phases of the relationship; Partially met (0.5): the
indicator’s response to one or more pressures are un-
derstood, but the indicator is also likely to be signifi-
cantly influenced by other non-anthropogenic (e.g.
environmental) drivers, and perhaps additional pres-
sures, in a way that is not clearly defined. Response
under recovery conditions may not be well under-
stood; Not met (0): no clear pressure-state relation-
ship is evident.

1 Here the term pressure-state relationship is used in the sense described by Piet et al. (2007): e.g. fishing pressure (fishing mortality rate [F]) — state of the stock (stock biomass [B]).
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Crite- Category  Characteristic Criterion Importance Importance  Guidelines for Compliance Assessment.
rion Weighting Score A
No. Score B
6a Quality of  Reflects changes in Details how specific the indicator is to the driver(s) of NA NA The indicator is specifically linked to a single (or pre-
underlying ecosystem compo- concern and whether the effects of one driver can be dominant) pressure, making it “specific”.
data nent that are caused  disentangled from other drivers. This criterion is not
by variation in any scored
specified manageable The indicator is not linked to a single (or predomi-
pressures nant) pressure, but affected by a number of pres-
SPECIEICITY sures, making it “non-specific”.
7 Manage- Relevant to MSFD Clear targets that meet appropriate thresholds (abso- Core 3 Fully met (1): an absolute threshold value for the indi-
ment management targets lute values or trend directions) for the indicator can cator is set; Partially met (0.5): no absolute threshold
GES at criterion level  be specified that reflect management objectives, such set for the indicator, but a threshold trend direction
as achieving GES. for the indicator is established; Not met (0): thresh-
olds or trends unknown.
8 Manage- Relevant to manage-  Indicator links directly to management response Core 3 IF CRITERION 1 IS SCORED 0 THEN THE SCORE MUST
ment ment measures whether or not immediately operational. The rela- BE 0. Otherwise: Fully met (1): both response-activity
tionship between human activity and resulting pres- and activity-pressure relationships are well defined -
sure on the ecological component is clearly under- advise can provided on both the direction AND extent
stood. of any change in human activity required and the pre-
cise management measures required to achieve this;
Partially met (0.5): response-activity and activity pres-
sure relationships are not well understood, or only
one of the relationships is defined, but not the other,
so that the precise changes in pressure resulting from
particular management actions cannot be predicted
with certainty; Not met (0): no clear understanding of
either relationship, so that the link between manage-
ment response and pressure is completely obscure.
9 Manage- Comprehensible Indicators should be interpretable and explainable in  Desirable 2 Fully met (1): the indicator is easy to understand and
ment a way that is easily understandable by policy-makers communicate; Partially met (0.5): a more complex

and other non-scientists (e.g. stakeholders) alike, and
the consequences of variation in the indicator should
be easy to communicate.

and difficult to understand indicator, but one for
which the meaning of change in the indicator value is
easy to communicate; Not met (0): the indicator is
neither easy to understand or communicable.
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Crite- Category  Characteristic Criterion Importance Importance  Guidelines for Compliance Assessment.
rion Weighting Score A
No. Score B
10 Manage- Established indicator  Indicators used in established management frame- Desirable 2 Fully met (1): the indicator is established and used in
ment works (e.g. EcoQO indicators) are preferred over international policy frameworks; Partially met (0.5):
novel indicators that perform the same role. Interna- the indicator is established as a national indicator;
tionally used indicators should have preference over Not met (0): the indicator has not previously been
indicators used only at a national level. used in a management framework.
11 Manage- Cost-effectiveness Sampling, measuring, processing, analysing indicator ~ Desirable 2 Fully met (1): little additional costs (no additional
ment data, and reporting assessment outcomes, should sampling is needed); Partially met (0.5): new sam-
make effective use of limited financial resources. pling on already existing programmes is required; Not
met (0): new sampling on new monitoring programs
are necessary.
12 Manage- Early warning Indicators that signal potential future change in an Informative 1 IF CRITERION 1 IS SCORED 0 THEN THE SCORE MUST
ment ecosystem attribute before actual harm is indicated BE 0. Otherwise: Fully met (1): indicator provides
are advantageous. These could facilitate preventive early warning because of its high sensitivity to a pres-
management, which could be less costly than restora- sure or environmental driver with short response
tive management. time; Not met (0): relatively insensitive indicator that
is slow to respond.
13 Concep- Scientific credibility Scientific, peer-reviewed findings should underpin the Core 3 IF CRITERION 1 IS SCORED 0 THEN THE SCORE MUST
tual assertion that the indicator provides a true represen- BE 0. Otherwise: Fully met (1): peer-reviewed litera-
tation of variation in the ecosystem attribute in ques- ture; Partially met (0.5): documented but not peer-re-
tion. Meets FAIR criteria viewed; Not met (0): not documented, or peer-re-
viewed literature is contradictory.
14 Concep- Metrics relevance to  For D6, metrics should fit the indicator criteria stated  Core 3 Fully met (1): the metric complies with the criteria;
tual MSFD criteria in the 2017 MSFD Decision document. Not met (0): the metric does not comply with the cri-
teria.
15 Concep- Cross-application Metrics that are applicable to more than one MSFD Desirable 2 Fully met (1): metric is applicable across several
tual descriptor are preferable. E.g. BH3 -> D1 benthic hab- MSFD descriptors; Not met (0): no cross-application.
itat and D6.
16 Indicator Indicator correlation  Different indicators making up a suite of indicators Desirable 2 Fully met (1): the indicators are un-correlated; Par-
suites should each reflect variation in different attributes of tially met (0.5): correlation between some indicators;

the ecosystem component and thus be

Not met (0): all indicators are correlated.
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complementary. Potential correlation between indi-
cators should be avoided. UNIQUENESS
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Following the refinement of the criteria, these were tested on six indicators for which the infor-
mation extraction tables had been completed. The following Table 3.1.2. summarises the scores
given to each indicator under the criteria.

Table 3.1.2 Summary of the scores given to each indicator under the criteria

Criterion  Weighting HELCOM SoS (BH1) M-AMBI TDI PD2 DKI
BQl
2 3 1 1 needs 1 0.5 relatively new 1 not all re- 1
time series, index gions e.g.
but not sure deep water
if this is the
case in ALL
sub regions
where ap-
plied
3 3 1 1 1 1 1 1
4 2 1 1 1 1 but includes at 1 butin- 1
least one categor-  cludes at
ical parameter least one
categorical
parameter
5 3 0.5 Notre- 1butprinci- 1, but 1 but principally 1 1, Denmark
ally gear pally trawl probably trawl metiers only and
focused, metiers does not probably
and not include dif- does not
necessarily ferent gear include dif-
fully repre- types ferent gear
sentative types
of the
MSFD sub
region
6 3 1 1 1 1,in 1 1

France/Spain, but
possibly not in
e.g. Kattegat

6a NA B. Non spe- A. Specific B. Non A. Specific A. Specific B. Non spe-
cific specific cific
7 3 1 1, but meth- 1 1 0 not thresh- 1
ods for set- olds yet
ting this are
under de-
velopment
8 3 1 1 0.5Butnot 1 1 but with- 0.5 But not
clear if the out TVislim- clear if the
pressures ited pressures
can be dis- can be dis-
entangled entangled
9 2 0.5 calcula- 0.5 calcula- 0.5 calcula- 1 1 0.5 calcula-
tions are tions are tions are tions are
more diffi-  more diffi- more diffi- more diffi-

cult to cult to cult to cult to
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Criterion  Weighting HELCOM SoS (BH1) M-AMBI TDI PD2 DKI
BQl
explain but  explain but  explain but explain but
results are  results are results are results are
easy to easy to easy to easy to
communi- communi- communi- communi-
cate cate cate cate
10 2 1 1 1 0.5 France mainly 0 not yet 0.5 Den-
used mark
mainly
11 2 1 1 1 1 1 1
12 2 0 designed 0 designed 0 designed 0 designed as a 0 designed 0
as a state as a state as a state state indicator as a state in-
indicator indicator indicator dicator
13 3 1 1 1 1 1 1
14 3 1 1 1 possibly 1 1 1
also D1/D4
15 2 1 1 1 0 not applicable 0 not appli- 1
for other de- cable for
scriptors other de-
scriptors
16 2 0.5several 0 several 0.5several 0O several otherin- 0 several 0.5 several
otherindi-  other indi- otherindi-  dicators exist for other indica- other indi-
cators exist cators exist  cators exist benthic communi- tors exist for  cators exist
for benthic  for benthic ~ for benthic ties and fishing benthic com-  for benthic
communi-  communi- communi-  pressure munitiesand communi-
ties ties and ties fishing pres-  ties
fishing pres- sure
sure
SCORE 325 33.0 32.5 29.5 27.0 31.5

When the weighting factors were applied the results were broadly similar across the six indica-
tors. All these indicators have been developed and used for some time, and have had extensive
research carried out on them. They are all in common use in at least one region, so it is not sur-
prising they all score well, although all had some weakness against the criteria — the maximum
possible score would have been 37. There was no preference in the scoring for specific versus
non-specific indicators.

A second evaluation was carried out by a different group and produced a different set of scores.
This group noted that it was very important to have at least one person who was familiar with
each indicator on the evaluation team. This group considered that an indicator would likely score
lower without this, mainly due to uncertainty. It is also worth noting that the second team did
not include anyone familiar with the evaluation criteria and who had only had a short introduc-
tion. So, for instance, they down scored indicators that were only applied in one region or sub-
region, and they also considered gear as referring to sampling gears rather than commercial
gears. The evaluation exercise was intended mainly to test the working of the criteria rather than
provide a definitive scoring, as this would have taken longer than the time available. For this
reason, the report only included the evaluation where experts in the indicators AND the criteria
were included.
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Main conclusions on indicator evaluation criteria
. The criteria worked reasonably well although with some misunderstandings.
. The key conclusion is that evaluations in the future (i.e. WKBENTHS3) should include

people with knowledge of the indicators, and those with knowledge of the evaluation
criteria (e.g., scientists, managers).
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3.2 Criteria to evaluate the suitability of threshold values

As with the indicator evaluation criteria, a similar table was developed for evaluation of thresh-
olds (Table 3.2.1). This was based on work carried out at WGECO in 2013 (ICES 2013b).

It was not possible to evaluate actual threshold vales until the indicators have been chosen and
appropriate thresholds calculated. It was possible to evaluate a variety of methods or approaches
to calculate thresholds, however. The approaches are detailed in chapter 4, and the results of the
evaluation are presented in Table 3.2.1.

Table 3.2.2. Results of the evaluation of a range of different approaches to setting thresholds against the evaluation
criteria.

Approach Guidance Score
Natural variation. State is within the range of pressure-free variation 17.5
Statistically Detectable State that is just statistically detectably different from the baseline. 11.5
change.

Tipping point. Breakpoint in statistical relationship between state and pressure, where the state- 15

pressure relationship is going from flat to steep.

Maintain function Maintaining ecosystem function at levels without pressure (moves the problems 15.5
along because it needs a threshold for good EF)

Trade-off. Find the point at which the increase in conservation benefits decreases relativeto ~ 12.25
the decrease in the delivery of goods, as an optimal solution.

Avoid collapse. Prevent collapse of ability to withstand (or recover from) pressure, safeguarding 14.5
future uses. Blim

Zero pressure. Any level of pressure results in a degraded state. 8
Distance to degrada- Can be steep to flat or flat to steep 15
tion.

The rationale for the scores is presented in Table 3.2.3. When each method of developing thresh-
old values was scored, the highest score was for a Natural Variation approach, although Tipping
Points, Maintaining Function, Avoid Collapse, and Distance to Degradation also scored well.

ICES
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Table 3.2.1. Criteria and guidance for evaluating thresholds

Criterion  Category Character- Evaluation Criterion Weighting Criterion levels
No. istic criterion .
specification
1 Overall Method of  Approach Rationale and methodological approach to (1): Rationale for setting threshold fully documented
evaluation derivation to define define threshold should be given. L X
threshold (0): No scientific justification provided for the threshold chosen, and evalua-
given tion of the other criteria can only be based on expert judgement
2 Manage- Framework Threshold Thresholds should not conflict across indica- (1): No conflicts within MSFD and international legislation;
ment consistency consistency tors within MSFD and with international . L
. - (0.5): No conflicts within MSFD;
evaluation policy frameworks
(0): Conflicts within MSFD
Where conflicts are identified the inconsistencies should be addressed, and
justified or removed.
3 Manage- Regional Level of re-  Threshold should be coordinated on rele- (1): Full coordination
ment consistency gional coor- vant regional scale for shared regions and . o
. s - (0.5): Partial coordination
evaluation dination sub-regions (?)
(0): No coordination
Where coordination is missing it should addressed
4 Manage- Framework Preference Thresholds already accepted and used by (1):Yes. The threshold is already established and used in a relevant policy
ment consistency for estab- wider society as reliable and meaningful, framework
evaluation lished should be preferred over novel thresholds . .
(0): The threshold has not previously been used in a management frame-
thresholds  that perform the same role.
work
5 Scientific ~ State of Integrity To what level of integrity does the threshold (1): the threshold allows a sustainable use of marine resources;
evaluation ecosystem refer (e.g. sustainable use) . .
(0): the threshold allows human activities without reference to the concept
of sustainability;
6 Scientific  State of Adaptabil-  The threshold should be assigned/allowed (1): Methods provided to establish threshold are adaptable to new evidence
evaluation ecosystem ity of to change with (a) refined analyses and if available, and useful.
threshold models of the indicator time series, and/or

(b) change in ecosystem information

(0): Methods or approaches for adaptability not provided
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Criterion  Category Character- Evaluation Criterion Weighting Criterion levels
No. istic criterion e .
specification
7 Scientific ~ Data qual-  Uncertainty The statistical method used for thresholds (1): Statistically sound estimate of confidence limits
evaluation ity in thresh- setting should provide upper and lower con- o o . L .
. ) e (0.5): Scientifically justified limits set without statistical certainty
old esti- fidence limits.
mates (0): No estimate of uncertainty
8 Scientific Data qual- Derivation ~ Threshold should be based on analytical (1): Analytical and theoretical derivation based on data, and/or empirical
evaluation ity of thresh- models and ecological theory. Empirical der- setting with strong supporting theory;
old ivation based on time series or baseline 0.5): Empirical derivation based on historical ti ies/baseline dat |
data are preferred over expert judgement. ( . ): mp||t|ca enva. ion based on historical time serles aseline data only.
This would include using data/models from other regions to set thresholds.
(0): Expert judgement
9 Scientific Data qual-  Spatialex-  Threshold should be based on data for the (1): Threshold set based on data covering the same spatial extent as the spa-
evaluation ity tent region for which is being applied and for the tial extent of the assessment area;
range same spatial scale
(range) P (0.5): Threshold set based on a larger or smaller overlapping area.
(0): Threshold set based on out of area.
10 Societal Societal ac- Cross-sec- Thresholds should be informed by and sub- (1) Information published and cross-sectoral public consultation carried out;
evaluation ceptance toral inte- ject to cross-sectoral public consultation to . . .
. . . . s (0): cross-sectoral public consultation NOT carried out
gration include social economic and ecological im-
plications of targets for society
11 Societal Societal ac- Ease of un-  Rationale for the threshold should be easily (1): Rationale behind the threshold easy to understand and clear to com-
evaluation ceptance derstand- understandable by policy-makers and other municate and definable outcomes in terms of GES
in non-scientists alike, and clear to communi-
& cate (0): The rationale behind the threshold is neither easy to understand nor to
' communicate
12 Manage- Ecologically GES Threshold should identify the separation be- (1): Threshold is able to distinguish good v. degraded status -— quantitative
ment meaningful good/de- tween good and degraded environmental and based on ecological difference between good and degraded.
evaluation graded status based on established ecological prin-

ciples and analysis

(0.5): cannot distinguish, but can suggest management action e.g. direction?

(0): Arbitrary or based on statistical detection of differences that are not
ecologically based/meaningful
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Table 3.2.3. Rationale for the scores from table 3.2.2.

WKBENTH2 2022

Crite-
rion
No.

1. Natural vari-
ation. State is
within the range
of pressure-free
variation

2.  Statistically
Detectable change.
State that is just
statistically detect-
ably different from
the baseline.

3. Tipping point.

Breakpoint in sta-
tistical relationship
between state and
pressure, where
the state-pressure
relationship is go-
ing from flat to
steep.

4, Maintain
function. Maintain-
ing ecosystem
function at levels
without pressure
(moves the prob-
lems along be-
cause it needs a
threshold for good
EF)

5. Trade-off. Find
the point at which the
increase in conserva-
tion benefits de-
creases relative to the
decrease in the deliv-
ery of goods, as an
optimal solution.

7. Avoid collapse.
Prevent collapse of
ability to withstand
(or recover from)
pressure, safeguard-
ing future uses. Blim

10. Zero pres-

sure. Any level of
pressure results in
a degraded state.

11. Distance to
degradation. Can
be steep to flat or
flat to steep.

1- threshold is set
based on data
analysis

1- threshold is set
based on specified
data analysis (but
ecological reason-
ing is missing).
Needs to be esti-
mated as a state
threshold, while of-
ten this approach is
used to estimate a
pressure threshold.

1 - mathematical
methods for esti-
mating where the
line from flatter to
steeper exist

1- Itis feasible, but
creates the new
problem that a
threshold for EF
needs to be set us-
ing one of the
other methods.
Note: some indica-
tors may directly
indicate function-
ing and then an-
other approach for
setting methods
needs to be used

0.5 - This yields an ex-
tent threshold, which
can only be used in
combination with a
quality threshold ob-
tained through an-
other method. (this
does not define GES).
The approach to plot
the trade-off curves
are established in
ICES, but choosing a
point on the curve as
a threshold is likely to
be driven by societal
or management
choices and cannot be
chosen purely based
on science.

1 - Evaluation at the
whole population level
is needed, which com-
bines the quality in
each cells to estimate
total population size,
from which an extent
threshold can be ob-
tained. It may still re-
quire a recruitment
threshold, but if this is
implemented in a full
stock model, the re-
cruitment threshold
would be defined.
Only works for indica-
tors that relate to ben-
thic species stock
abundance. Needs a
lot further develop-
ments.

1-Itis very easy to
apply and easy to
understand ra-
tionale.

1 - mathematical
methods to identify
this specific points
on the curve exist

Very difficult to score. Natural variation is assessed for an undisturbed state, which is not what the
MFSD requires. But this method defines the deviation from undisturbed that is acceptable for GES.
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Crite-
rion
No.

1. Natural vari-
ation. State is
within the range
of pressure-free
variation

2.  Statistically
Detectable change.
State that is just
statistically detect-
ably different from
the baseline.

3. Tipping point.
Breakpoint in sta-
tistical relationship
between state and
pressure, where
the state-pressure
relationship is go-
ing from flat to
steep.

4, Maintain
function. Maintain-
ing ecosystem
function at levels
without pressure
(moves the prob-
lems along be-
cause it needs a
threshold for good
EF)

5. Trade-off. Find
the point at which the
increase in conserva-
tion benefits de-
creases relative to the
decrease in the deliv-
ery of goods, as an
optimal solution.

7. Avoid collapse.

Prevent collapse of
ability to withstand
(or recover from)
pressure, safeguard-
ing future uses. Blim

10. Zero pres-

sure. Any level of
pressure results in
a degraded state.

11. Distance to
degradation. Can
be steep to flat or
flat to steep.

Can only be scored after indicators and thresholds have been agreed. It is a both a data issues (where
data used to set the threshold needs to be consistent across regions) and a management issue. The
method could be the same but the value could be different between different habitats and regions.

1 - Similar meth-
ods have been
used for the WFD
(although not ex-
actly for defining
GES) (e.g. phyto-
plankton, salt-
marsh, seagrass
for quality. For ex-
tent also what
fraction to protect
under Convention
for Biological Di-
versity)

1 - Several of the
quality indicators
used by different
countries on the
WFD use this ap-
proach (BQl etc.)

0 - No examples
identified

0 - No examples
identified

1- Marxan evalua-
tions of MPA place-
ment where the socio-
economic value of
cells is taken in to ac-
count.

1 - the use of Blim in

fisheries management

1 - Management of
MPAs, e.g. no take
zone

0- The statistical
method has been
use in detection of
spawning grounds,
but not applied to
management

1 - Itis defined rel-
ative to an undis-
turbed state, but
allows a deviation
from the undis-
turbed state. The
mean of the state
under sustainable
use would be

0 - does not link ex-
plicitly to sustaina-
bility, may be too

strict or too lenient.

1 - yes, identifies a
point where human
use is possible with-
out degrading the
system. But it is
dangerous to be
too close to some
tipping points,

1 - would allow sus-
tainable use be-
cause some devia-
tion of state from
undisturbed possi-
ble.

0.5 - this identifies a
point where the bene-
fits to the ecosystem
are maximized while
minimizing the cost to
human activities , but
it is not assured that
the resulting ecosys-
tem state is good.

1 - would allow sus-
tainable use because
some deviation of
state from undis-
turbed possible.

0 - as a quality
threshold, does not
allow any human
use in the area
without pressure
(but human use
possible in the ex-
tent of the area
where pressure is

0.5 - It allows hu-
man use, and it is
trying to find a bal-
ance between hu-
man use and sea-
bed state, may be
too strict or too le-
nient with regards
to seabed state.
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Crite- 1. Naturalvari- 2. Statistically 3. Tipping point. 4. Maintain 5.  Trade-off. Find 7.  Avoid collapse. 10. Zero pres- 11. Distance to
rion ation. State is Detectable change. Breakpoint in sta- function. Maintain- the point at which the Prevent collapse of sure. Any level of degradation. Can
No. within the range State that is just tistical relationship  ing ecosystem increase in conserva-  ability to withstand pressure results in  be steep to flat or
of pressure-free statistically detect- between state and function at levels tion benefits de- (or recover from) a degraded state.  flat to steep.
variation ably different from pressure, where without pressure creases relative to the pressure, safeguard-
the baseline. the state-pressure  (moves the prob- decrease in the deliv-  ing future uses. Blim
relationship is go- lems along be- ery of goods, as an
ing from flat to cause it needs a optimal solution.
steep. threshold for good
EF)
below the mean of depending possible.) Also de-
the undisturbed state~pressure. pends on how you
state but this define zero pres-
within the range of sure, what pres-
the undisturbed sures does it in-
state. clude.

6 1 - Any method 1 - Any method 1 - Any method 1 - Any method 1 - Any method that 1 - Any method that 0 - as a quality 1 - Any method
that uses data that uses data anal- that uses data anal- that uses data anal- uses data analysis to uses data analysis to threshold, is fixed.  that uses data anal-
analysis to esti- ysis to estimate the  ysis to estimate the  ysis to estimate the estimate the thresh- estimate the thresh- ysis to estimate the
mate the thresh- thresholds can be thresholds can be thresholds can be olds can be updated olds can be updated thresholds can be
olds can be up- updated using updated using updated using using more and better  using more and better updated using
dated using more more and better more and better more and better data. data. more and better
and better data. data. data. data. data.

7 1 - the method 1 - the method 1 - the method 1 - the method 1 - the method should 1 -the method should 0 - uncertainty 1 - the method
should allow esti-  should allow esti- should allow esti- should allow esti- allow estimating of allow estimating of does not exist for should allow esti-
mating of the con-  mating of the confi- mating of the confi- mating of the confi- the confidence limit the confidence limit this threshold be- mating of the confi-
fidence limit (de- dence limit (de- dence limit (de- dence limit (de- (depending on the (depending on the cause it is a fixed dence limit (de-
pending on the pending on the pending on the pending on the quality of the data quality of the data value pending on the
quality of the data  quality of the data quality of the data quality of the data  available to use the available to use the quality of the data
available to use available to use the available to use the available to use the approach) approach) available to use the
the approach) approach) approach) approach) approach)

8 1- provided 0.5-itisbasedona 1-Itisbasedona 1-itisbasedona 0.25 - The decision is 1 - Based on theory 0-azeropressure 1-Itisbasedona

enough data is
available for you
habitat. In the
practical imple-
mentation it may

statistical analysis,
but not under-
pinned by a theo-
retical underpin-
ning of why this

theory about how
state and pressure
relate and derived
mathematically

knowing the EF-
state relationships
and the pressure
state relationship,
but relies on a

support by empirical
data analysis, but the
choice of the thresh-
old based on the

and existing models,
even if the practical
implementation will
be hard.

threshold can be
derived using ana-
lytical methods us-
ing data analysis
(using some of the

theory about how
state and pressure
relate and derived
mathematically
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Crite-
rion
No.

1. Natural vari-
ation. State is
within the range
of pressure-free
variation

2.  Statistically
Detectable change.
State that is just
statistically detect-
ably different from
the baseline.

3. Tipping point.

Breakpoint in sta-
tistical relationship
between state and
pressure, where
the state-pressure
relationship is go-
ing from flat to
steep.

4, Maintain
function. Maintain-
ing ecosystem
function at levels
without pressure
(moves the prob-
lems along be-
cause it needs a
threshold for good
EF)

5. Trade-off. Find

the point at which the

increase in conserva-
tion benefits de-

creases relative to the

decrease in the deliv-
ery of goods, as an
optimal solution.

7. Avoid collapse.
Prevent collapse of
ability to withstand
(or recover from)
pressure, safeguard-
ing future uses. Blim

10. Zero pres-

sure. Any level of
pressure results in
a degraded state.

11. Distance to
degradation. Can
be steep to flat or
flat to steep.

be needed to use
data from other
regions, and the
score would likely
drop (here and for
many other crite-
ria and methods).

would differentiate
between good and
degraded.

threshold for EF
which we don't
have at the mo-
ment.

trade-off is an expert

or societal judgement.

other approaches
in this table), but a
general zero pres-
sure thresholds is
not underpinned
by theoretical deri-

vation or data anal-

ysis and is based
on expert judge-
ment.

0.5 - yes, this
would be possible,
although in prac-
tice it will be de-
termined by data
availability within
the same ecore-
gion, and undis-
turbed areas are,
by definition, not
the same spatial
extent as the full
assessment area

1 - this would be
possible, although
in practice it will be
determined by data
availability within
the same ecore-
gion, and it may be
needed to use data
from other regions.
Where data availa-
bility is good, the
state~pressure re-
lationship can be
fitted using data
from the full extent
of the region.

0.5 - this would be
possible, although
in practice it will be
determined by data
availability within
the same ecore-
gion, and it may be
needed to use data
from other regions.
Where data availa-
bility is good, the
state~pressure re-
lationship can be
fitted using data
from the full extent
of the region.

0.5 - In theory, it
would be possible,
but it would be
very unlikely that
enough data would
be available just
from the local re-
gion

1 - this analysis is en-
tirely based on data
from the regions and

habitats under consid-

eration

0.5 - In theory, it

would be possible, but

it would be very un-
likely that enough
data would be availa-
ble just from the local
region

(1) Cannot be
scored against this
criteria because it
is a fixed threshold
rather than a
method.

1 - this would be
possible, although
in practice it will be
determined by data
availability within
the same ecore-
gion, and it may be
needed to use data
from other regions.
Where data availa-
bility is good, the
state~pressure re-
lationship can be
fitted using data
from the full extent
of the region.

10

We cannot score this because this is too early in the process, and therefore this has not been done yet.
This can be done when a threshold for a specific indicator has been chosen relative to the GES quality
and extent targets.
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Crite- 1. Naturalvari- 2. Statistically 3. Tipping point. 4. Maintain 5.  Trade-off. Find 7.  Avoid collapse. 10. Zero pres- 11. Distance to
rion ation. State is Detectable change. Breakpoint in sta- function. Maintain- the point at which the Prevent collapse of sure. Any level of degradation. Can
No. within the range State that is just tistical relationship  ing ecosystem increase in conserva-  ability to withstand pressure results in  be steep to flat or
of pressure-free statistically detect- between state and function at levels tion benefits de- (or recover from) a degraded state.  flat to steep.
variation ably different from pressure, where without pressure creases relative to the pressure, safeguard-
the baseline. the state-pressure  (moves the prob- decrease in the deliv-  ing future uses. Blim
relationship is go- lems along be- ery of goods, as an
ing from flat to cause it needs a optimal solution.
steep. threshold for good
EF)

11 1-Yes, the general 0 - Methodologyis 1-The conceptis 1-This concept of 0.5 - Sustainable useis 0.5 - Avoiding collapse 1 - Thisis very easy 0.5 - Avoiding com-
conceptis easyto  easy to explain, but easy to understand  defined GES based  what MFSD wants to is obviously important  to understand, but  plete degradation is
understand the link to GES is and linked to GES on function is easy  achieve, and this ap- to society, it is not societal acceptance obviously im-

not easy to explain to understand, and  proach would clearly clearly linked to GES is going to be very  portant to society,
because there is no function is one of aim at sustainable use, and defines the differ-  variable. Techni- it is not clearly
direct link to GES the parameters but it is less clear that  ence between moder-  cally easy to imple- linked to GES and
that the MFSD aims it achieves GES. It is ate and degraded. ment so may be defines the differ-
the preserve, and however easy to com- popular with policy ence between
more widely ap- municate and likely to makers. moderate and de-
plied (but it willbe  be an approach that is graded.
difficult to imple- readily accepted.
ment and explain-
ing the process
may be much
harder)
12 1 - Provided the 0 - the detectable 0.5 - the tipping 1 - Maintaining 0.5 - it does not define 0.5 -itis clear thatgo- O-Itisnota 0.5 - It identifies a

correct indicator
has been chosen
to assess seabed
integrity, and data
quality and quan-
tity to estimate
the threshold were
available. We can
be quite certain
that the state is
good within the

change is depend-
ent on the magni-
tude of the change
as well as the sta-
tistical power to
detect the effect,
and does therefore
not define an eco-
logical difference

point is likely to
represent an im-
portant change in
the state-pressure
relationship that is
likely to coincide,
but not necessarily
coincides with a
change from good
to degraded

function at the a
'pristine’' level is
not defined as the
level needed for
sustainable use in
the MFSD, so this
still needs a thresh-
old for what main-
tained EF is. Where
EF drops and is not
maintained, state

good state, but itis a
spatial management
tool towards achieving
a balance between
state and human ac-
tivities.

ing below Blim is de-
graded, but the state
may need to be higher
to be defined as good

method to derive a
threshold value,
but just a threshold
value. Assumes
that no deviation
from the undis-
turbed state is
compatible with
good state, which
is not generally ac-
cepted to be the

threshold beyond
which the habitat is
clearly degraded,
but it does identify
not identify a
threshold between
good and de-
graded.
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Crite-
rion
No.

1. Natural vari-
ation. State is
within the range
of pressure-free
variation

2.  Statistically

Detectable change.

State that is just
statistically detect-
ably different from
the baseline.

3. Tipping point.

Breakpoint in sta-
tistical relationship
between state and
pressure, where
the state-pressure
relationship is go-
ing from flat to
steep.

4, Maintain
function. Maintain-
ing ecosystem
function at levels
without pressure
(moves the prob-
lems along be-
cause it needs a
threshold for good
EF)

5. Trade-off. Find

the point at which the
increase in conserva-

tion benefits de-

creases relative to the
decrease in the deliv-

ery of goods, as an
optimal solution.

7. Avoid collapse.

Prevent collapse of
ability to withstand
(or recover from)
pressure, safeguard-
ing future uses. Blim

10. Zero pres-

sure. Any level of
pressure results in
a degraded state.

11. Distance to
degradation. Can
be steep to flat or
flat to steep.

range of natural
variation, although
it is less certain
that the state is
degraded below
the threshold.

between good and
degraded

can be assumed to
become degraded

distinction be-
tween good and
degraded state.
There however ex-
ist habitats where
any level of dis-

turbance will result

in degradation.
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Options for setting thresholds to evaluate adverse
effects on seabed habitats (ToR B)

Assessing the state of ecosystems requires indicators, and thresholds above which the value of
the indicator defines a good environmental state. Thresholds are defined here as the state at
which an ecosystem transitions from a good to a degraded state. Existing thresholds of either
ecosystem state (‘quality’) or spatial extent (“extent’) have been chosen using a wide variety of
approaches. Some of these approaches are criticized for being subjective and inconsistent, rather
than being based on ecological principles and derived from the objective analysis of ecological
data (Dorrough et al., 2020)

Natural processes can result in fluctuations of the ecosystem state across space and time, and it
is generally agreed that while some change in the state can be compatible with a system being in
a good state, as well as some human use, larger change would lead to a degraded state (Folke et
al., 2003). Effective thresholds need to be ecologically meaningful, and therefore separate good
and degraded state based on the characteristics of the ecosystem that management aims to con-
serve. Deciding how much change is compatible with a good state has proven difficult. Some
participants made the point that only undisturbed areas contain key elements that ensure the
biotic and abiotic structure of a habitat and its functions (e.g., its typical species composition and
their relative abundance, presence of particularly sensitive or fragile species or species providing
a key function, and the size structure of species) that guaranteed and in a good environmental
status. Others have focused on thresholds that are either statistically detectable or where a small
change in a driver causes a marked change in ecosystem condition (Groffman et al., 2006). In
other cases, sustainable use is equated with good state, accepting that sustainable use may result
in reductions in abundance, biomass and even local extinction of some species. Additionally, it
was also discussed if it can be called sustainable use if the total area of a habitat type is under
anthropogenic pressure, and whether natural diversity, productivity, and ecological processes
(functioning) are maintained and resilience of the habitat to environmental and climate change
is secured. Nevertheless, many thresholds seem to have been chosen subjectively by experts or
stakeholders (e.g. Muxika et al., 2007).

The workshop reviewed the principles and criteria that should be used for setting thresholds for
Good Environmental Status of seafloor habitats under TorA. Under TorB We identified and re-
viewed the different methods that can be used for setting environmental management thresh-
olds. This chapter summarises and builds on work prepared by Hiddink et al. (In prep) and
Nichols (2022).

4.1 What is good and what is degraded?

The challenge is to manage the ecosystem so that ecosystems/communities/habitats are at a suf-
ficiently “good” state to ensure we sustain overall ecological integrity. The degradation from an
undisturbed to a degraded and then lost ecosystem is described in Figure 4.1. Stage 1 & 2 both
ensure biodiversity, structure, and function and can be considered ‘good’. Most people would
probably agree that stage 7 & 8 are degraded. Any changes from stage 3 to 6 may be considered
as 'good enough' when part of a socio-economic trade-off and where a prioritization of the man-
agement actions is needed. We will therefore evaluate the different approaches that exists to
define the transition from stage 1-2 to 3-8.
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Good state Degraded state Lost

Indicators

1. Undisturbed 3. Processes continue 5. Loss of sensitive species 7.Unable to recover

2. Indistinguishable from undisturbed 4. Sustainable use 6. Many species lost 8. Ecosystem lost

Figure 4.1. An undisturbed ecosystem is expected to have many species present, with each species having a natural dis-
tribution of abundance and biomass over the different age and size classes, with ecosystem processes at high rates (stage
1). Initially, when pressure from human activity is introduced, the ecosystem is indistinguishable from undisturbed in
biodiversity, structure (age, size, species) and function because any changes fall within the range of natural variation (2).
When the pressure increases further, it is expected that the largest and oldest individuals in the community will be lost,
but all species will be present and ecosystem processes are likely to continue at rates that are near natural (3). Sustain-
able human use of the ecosystem can involve intense activities and is likely to result in widespread changes in size, age
and species composition, with values generally outside the range of natural variation (4). Progressing pressure may result
in the loss of the largest and most-long-lived species, resulting in large drops in the total biomass of the community, and
large drops in the rates at which ecosystem processes occur (5). With further pressure, more species will be lost, and
therefore overall species richness continues to drop, and all parameters are likely to be much lower than in undisturbed
systems (6). At some level of pressure, the ecosystem would not be able to recover to its undisturbed state on human
time-scales, even if the pressure was totally removed (7), and at the highest levels of pressure, the ecosystem can be
considered lost and transformed into another ecosystem altogether (8) (Levin et al., 2016). The indicator trends pre-
sented here assume a stochastic environment with no directional (and human-induced) environmental change

4.2 What are thresholds for good environmental state?

The threshold for good environmental state (GES) should identify the indicator value at which
an ecosystem transitions from a good to a degraded state. Three different types of thresholds
exist (quality, extent and connectivity), of which we will discuss quality and extent thresholds
here in detail. Quality is defined by the indicator value on a local, point or cell, scale. A quality
threshold defines at what value of the indicators the local quality can be considered to be ‘good’.
For consistency, we are discussing quality indicator values for quality as Ecological Quality Ra-
tios, where the indicator values is scaled to range from 0 (fully degraded) to 1 (undisturbed). For
example, a threshold for GES = 0.8 using community biomass as an indicator, would indicate
that >80% of biomass needs to remain to achieve GES. The next step is to estimate the extent of
the area (defined as a fraction of the total broad scale habitat (BSH) for the purposes of the MFSD)
that is achieving this good quality. The extend threshold defines what fraction of the area of a
BSH needs to be achieving the quality threshold for the whole BSH to be considered in a GES.
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The aim of the TorB was to identify thresholds to distinguish between good and degraded, and
identifying thresholds between degraded and lost was not considered to be part of the remit.

Finally, where indicators for the spatial coherence, configuration and/or connectivity of habitat
patches in good quality exist, thresholds for what can be considered good can be developed too,
although the current state of development of such indicators may make this premature.

Desirable characteristics of thresholds for good state are that they are habitat specific and esti-
mated with their uncertainty. This means that a single approach for choosing thresholds that
yields different thresholds for different habitats is desirable.

There was some discussion at the meeting about whether quality and extent threshold need to
be interdependent, i.e. can a high quality threshold be combined with a lower extent threshold,
and vice versa, for the achievement of GES? The consensus was that, although this may make
ecological and intuitive sense, the knowledge base to implement such a trade-off between extent
and quality does not currently exist.

4.3 Methods for estimating quality and extend thresholds

In a review of the literature and suggestions by workshop participants, we identified 11 ap-
proaches that have been proposed to set thresholds for good state (or to avoid an adverse effects
or degraded state) in environmental management. Although we are evaluating methods for set-
ting state thresholds, some of the reviewed methods are setting pressure thresholds as a method
to achieving a good state. Figure 4.2 gives examples to illustrate each of the approaches.

Natural variation. State is within the range of pressure-free variation: quality threshold

The 'matural variation' threshold assumes that the quality is good if it is within the range of nat-
ural temporal variation, as it is therefore in effect indistinguishable from undisturbed (stage 1
and 2 in Figure 4.1). This threshold is conceptually easy to understand and defines good state in
an ecologically meaningful way. Yet, the threshold relies on the availability of estimates of the
natural variation in undisturbed systems, which may be hard to obtain. The natural range of
variation can be defined as the 95% of values within which the indicator varies in undisturbed
systems (Rossberg et al., 2017, Ostman ef al., 2020) or any other preferred quantile. This means
that the threshold is a function of the natural variability of the indicator. If for example the abun-
dance of species is used as the state indicator, a higher threshold will be needed for a long-lived
species with a stable population size than for a short-lived species with large population fluctu-
ations. This dependence on the life history of species is a desirable property, but the threshold
may also depend on the magnitude sampling error in the dataset or natural asynchronous
changes in abundance as a result of recruitment occurring at temporally different scales, which
is not desirable. This approach assumes that the human pressure causes variation in abundance
that are absorbed by natural variation. If human activities however cause variation that is addi-
tive to natural variations, even low levels of pressure may occasionally push the state outside the
range of natural variation. Provided sufficiently long time series, quantitative estimates of the
confidence of change can also be derived through this approach (Ostman et al., 2020).

Statistically Detectable change. State that is just statistically detectably different from the base-
line. Quality threshold.

The 'detectable change' threshold sets a quality threshold for good state at the level that is just
statistically detectable. Although this is an objective, data-driven method of defining a threshold,
detectability is a function of the power to detect effects rather than a definition of ecological deg-
radation of state, and a lack of detectability can just represent a lack of statistical power in a
sampling design (i.e. the level of replication), or alternatively, given enough sampling effort, it
may be possible to detect effects that are not ecologically meaningful. The threshold therefore
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does not necessarily equate to degradation of the state. Detectability is likely to decrease with
the magnitude of natural variation, and the two concepts are therefore related. For seabed eco-
systems, establishing a threshold for 'detectable change' hence mostly depends on the survey
design rather than good state.

Tipping point. Breakpoint in statistical relationship between state and pressure, where the state-
pressure relationship is going from flat to steep. Quality threshold.

‘Tipping points' are thresholds at the level where the rate of harm per unit disturbance suddenly
increases, and these could be indicative of regime shifts or alternative stable states (Folke ef al.,
2003; Groffman et al., 2006). These, usually abrupt, non-linear responses occur when the ecosys-
tem no longer counters the effects of cumulative pressure via positive feedback loops, in other
words, when the amount of disturbance exceeds its resilience. Identifying such tipping points is
an objective data-driven approach to set thresholds, and although the tipping point does not
necessarily coincide with a shift from good to degraded state, pressure beyond the tipping point
is likely to lead to a degraded state (ranging from stage 4-8). A more serious problem is that
tipping point thresholds are rarely detected for physical disturbance (Hillebrand et al., 2020), but
they are likely to be more commonly present for chemical and nutrient pollution. It also requires
data across the full pressure gradient in order to derive meaningful relationships (Jac et al., 2020),
and in the case of linear responses, there is no objective way to determine specific thresholds
through this approach (Samhouri et al. 2012).

Maintain function. Maintaining ecosystem function at levels without pressure. Quality thresh-
old.

Quality thresholds can be set to 'maintain the function' that is driven by the state rather than to
maintain the state itself. This relies on identifying a relationship between state and ecosystem
functioning and maintaining the ecosystem at the same levels that ecosystem functioning would
be without pressure. This is an objective method of setting a threshold if the aim of the manage-
ment is to maintain ecosystem functioning, but it still requires setting a threshold for good eco-
system functioning using one of the other methods for setting thresholds and therefore just
moves the problem of setting a threshold one level further. For seabed ecosystems relevant func-
tions have been suggested to be bioturbation, nutrient cycling and food provisioning for higher
trophic levels (Rice ef al., 2012). However, each of these functions is likely to closely correlate
with total community biomass, and therefore setting a threshold based on maintaining function
is no easier than setting a threshold based on community biomass.

Trade-off. Find the point at which the increase in conservation benefits decreases relative to the
decrease in the delivery of goods, as an optimal solution. Extent threshold, and quality threshold
in combination with extent

Rather than defining the threshold for a specific ecosystem, community or habitat based on eco-
logical reasoning alone, an optimum state can be chosen at the wider landscape scale that
achieves the best ecological state (generally estimated as the mean quality over the whole area)
that can be achieved at low socio-economic cost. For example, when bottom trawling disturbs
and degrades the seabed state, but also produces food, income and jobs, it may be possible to
identify a situation where a balance between the seabed state and socio-economic benefits is
found that is optimal from a societal point of view. Such a trade-off can be identified by plotting
the relationship between the ecological state and the socio-economic benefits, and identifying
the point on the curve that matches the societal preference (Lester et al., 2013). ICES (2021) gives
examples of such relationships. Identifying this point may be easy if there is a tipping point on
a convex relationship and society prefers a fairly equal balance between conservation and human
benefits, but will be hard to identify if there is a concave relationship. A disadvantage of the
approach is that it does not identify a threshold that is necessarily ecologically good for a specific
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ecosystem, community or habitat, and that the threshold will vary with the changing intensity
and distribution of pressure. This approach therefore sets a threshold for 'good enough' from a
societal point of view across the wider landscape scale, rather than defining what 'good’ is per
se. This approach is therefore more of a management approach than a definition of a GES thresh-
old.

Maximize ecosystem goods. Maximize the amount of goods that are produced for human use.
Extent threshold.

'‘Maximizing the goods' that are produced for human use results in a quantitatively justified tar-
get and is, for example, used to set the biomass at which maximum sustainable yield of commer-
cial fish populations is achieved. However, maximizing human benefits is not equivalent to
achieving good environmental state, and the target is not a threshold above which the state is
good, but a point estimate. Sustainable use should therefore not be conflated with good environ-
mental state.

Avoid collapse. Prevent collapse of ability to withstand (or recover from) pressure, safeguarding
future uses. Extent threshold

In fisheries management, thresholds have been chosen to avoid the collapse of fish stocks by
maintaining the stock at a level where the reproductive capacity and recruitment is not impaired
(Biim, and this is similar to the concept of minimum viable population size which is used in con-
servation (Nunney & Campbell, 1993)). The total population size will be defined by the sum of
quality indicators over the whole area, and can be implemented as an extent threshold. This is
effectively the same as maintaining function, where the function to be maintained is reproductive
output. However, the ability to maintain recruitment does not imply that the system is in a good
state overall. This threshold offer information for defining the lower biological limit for sustain-
ability and need for protection and/or management actions to maintain a viable population
(avoiding stage 7 and 8), rather than defining good state. This reference point, often called Biim in
fisheries management, is around B/K=0.2 for many commercial fish species (Punt, 2010).

Recovery possible. Recovery of state possible within a specified time once the pressure is re-

moved, safeguarding future use. Configuration, extent and quality threshold, because it depends

on the total population reproductive potential and source-sink dynamics.

Rather than maintaining the current ecosystem in good state, thresholds can be chosen to keep
the ecosystem in a state that would allow recovery within a specified time (e.g. years or genera-
tion time of species) once the pressure is removed, thereby safeguarding the option for future
use (Rossberg et al., 2017) and ensuring that the ecosystem remains resilient. For example, the
FAO (2009) says that ‘significant adverse impacts’ on ecosystems will typically have recovery
times exceeding 5-20 years. The state is already degraded at this level, so this threshold only
preserves the ability to be good in the future. Recoverability may also be used as an extent thresh-
old by evaluation at a broad habitat scale what level of abundance or biomass of benthic species
needs to remain to allow recovery. This approach still requires setting a threshold for what is
considered recovery and for the time to recovery that is acceptable. Note that in the MFSD, when
recovery is expected to exceed a period of two reporting cycles (12 years), the area of habitat shall
be considered as lost (COMMISSION DECISION (EU) 2017/848 L 125/43 of 17 May 2017).

Expert judgment. Expert elicitation to convert narrative description into quantitative descrip-
tion. Quality and/or Extent thresholds.

An alternative approach to setting thresholds involves 'expert judgment'. Such an approach uses
expert elicitation to convert narrative description of good state into quantitative description, us-
ing any of the rationales of the approaches outlined above (e.g. Elliott et al., 2018). Advantages
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of such an approach is the low demand for data, but this approach can be subjective, inconsistent
and open to bias (Dorrough et al., 2020).

Zero pressure. Any level of pressure results in a degraded state. Quality threshold

The 'zero pressure' threshold is effectively an expert-judgment approach where it is assumed
that any location where human activity is not present is in a good state, and conversely that any
location with activity is not in a good state. This has the advantage that data requirements for
setting thresholds and evaluation state are minimal, but the disadvantage is that it ignores the
fact that many systems can withstand some level of pressure without resulting in significant
adverse impacts, and that this level varies between habitats and communities. An additional
disadvantage is that locations with the same ecological state can be defined to be in either good
or degraded state depending on their pressure level. It is important to note that the decision of
aiming for a 'zero pressure' state can also be the outcome of the other approaches used, using a
more data-driven and ecological threshold when the species and/or communities are highly vul-
nerable and cannot withstand any pressure intensity without being degraded (e.g. long-living
and deep-sea corals (Clark ef al., 2016)). Studies have also shown that the establishment of no-
take zones (zones without physical disturbance) can enhance resilience and recovery of benthic
habitats and communities inside and outside these areas. Setting areas with zero-pressure can
be a valid tool to achieve overall GES, but is not a method that distinguishes good from degraded.
This approach is therefore a management approach rather than a definition of a GES threshold.

Distance to degradation. The point at which the habitat has already lost most of its quality (deg-
radation point) and establish the condition threshold at a certain distance from it depending on
habitat sensitivity (higher distances for higher sensitivities).Quality threshold.

The method consists of identifying the point at which the habitat has lost most of its quality
(degradation point) and establishing the quality thresholds at different distances to this point
depending on its sensitivity, giving the most sensitive habitats the highest distance to degrada-
tion. In this approach, the degradation point is defined as the point at which the pressure-state
curves start to flatten out. Although several statistical tools are currently being explored to obtain
this point, the method relies on the 45 degrees slope of the tangent to the curve, previously used
in different works to determine the tipping point in aggregation curves (Colloca et al., 2009; Gon-
zalez-Irusta & Wright, 2017). Once this point has been computed, the condition threshold is es-
tablished as a percentile of the distance between the origin of the curve and the degradation
point. Currently, three potential distances are being explored (0.33 for habitats of sensitivity 4,
0.5 for habitats of sensitivity 3 and 0.66 for habitats of sensitivity 2), but further work is needed
before these values can be considered final. The method used to establish habitat sensitivity
(based on the pressure-state response curves) is explained in Serrano et al. (2022). In contrast to
previous approaches, this is a specific method (currently under development in the frame of the
NEA-PANACEA project and OSPAR OBHEG) and is not a general approach. The method has
been developed to be applied to the OSPAR BHI1 (also called SoS, Serrano et al., 2022) and BH3
indicators and its application on other indicators may not be straightforward, and it may need
further testing. Some members of the WK found it counter-intuitive that the less sensitive habi-
tats reach the degradation point at higher state values than the sensitive habitats. However, this
is an expected result since sensitive habitats will lose a higher proportion of their quality (e.g.
proportion of sentinel species) compared to more resilient habitats before they stabilised. In fact,
this is one of the main justifications (together with the precautionary approach) to establish a
higher distance to this point in sensitive habitats than in the most resilient ones.
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Natural variation. State is within the range of pressure-free variation

Detectable change. State that is just statistically detectably different from the baseline.
Tipping point. Breakpoint in statistical relationship between state and pressure.
Maintain function. Maintaining ecosystem function at levels without pressure.

Trade-off. Find the point at which the increase in conservation benefits decreases relative to the decrease in the delivery
of goods, as an optimal solution.

Maximize ecosystem goods. Maximize the amount of goods that are produced for human use.
Avoid collapse. Prevent collapse of ability to withstand (or recover from) pressure.

Recovery possible. Recovery of state possible within a specified time once the pressure is removed.
Zero pressure. Any level of pressure results in a degraded state.

Distance to degradation. State where the slope is 45 degrees plus a fraction of the distance to 1 depending on the sensi-
tivity of the habitat.

4.4 Reflections of the WK participants on the suitability of
different approaches

Each approach was formally evaluated against all criteria from TorA (presented in section 3),
and in addition to this they were also discussed further by workshop participants.

Firstly, there was agreement that a threshold is not a ‘target’ and that the term ‘target’ should be
avoided when discussing points that describe the difference between good and degraded state.

It was considered a beneficial property of a threshold if it can be estimated as a probability dis-
tribution, so that it can be evaluated what the probability of exceeding the threshold is (i.e.
threshold may be used in objectives-based risk assessment/analyses). This should be possible for
any threshold that is estimated quantitatively from data.

There were some arguments about the need for two thresholds (e.g. one threshold at zero pres-
sure where the EQR = 1 and another one at a lower EQR that separates good from degraded).
Although there was strong support from a few participants to have both threshold values in the
MSEFD assessment, others argued that it is logically impossible to have two different thresholds
that both separate good from degraded, and this suggestion was not taken forward. Some argued
that the implementation of areas with zero pressure can nevertheless be useful as a management
approach to achieve GES.

There was some discussion on whether there is a requirement to protect a higher extent of rarer
or more vulnerable habitats. If they used to be more common and have been degraded because
they are more sensitive, then this should be a characteristic of any threshold setting approach
chosen. Other arguments given were that an area (in km?) may be needed to maintain viability,
rather than a fraction of the habitat as defined in the MSFD. This seems plausible based on gen-
eral ecological insights.
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The role of recoverability of the indicator after a management intervention and how this relates
to the thresholds was mentioned several times, but no particular methods by which this could
be achieved were suggested.

The evaluation of the approaches would have ideally been performed after the selection of the
high-priority indicators, because some approaches may work for some indicators but not for
others. This was not feasible on the time-scale available for the workshop, and therefore the
methods for setting thresholds were evaluated in a more generic way.

According to table 3.2.2. the workshop considered the ‘natural variation’ approach to estimating
a quality threshold the most promising method, although in general most of the approached
obtain similar values. The workshop considered that only two approaches (natural variation and
maintaining function) clearly define an ecologically meaningful good state and estimate thresh-
olds quantitatively from data. Both approaches were quality thresholds. Maintaining the state
within the range of natural variation in undisturbed systems was considered a quantitative, ob-
jective and repeatable method that defines an ecologically meaningful good state. This approach
may be applicable for most indicators although more work is needed before this can be estab-
lished. The fact that the natural variation varies with environmental conditions and life-history
of species was considered a desirable property as it would most likely result in higher thresholds
for the most sensitive habitats (Nicholls, 2022). There are clear pathways towards making this
approach operational, which would require the analysis of time-series from undisturbed loca-
tions. This requirement is unlikely to be satisfied for each broad scale habitat in each region, and
therefore other approaches need to be taken to estimate natural variation for each habitat. The
most problematic characteristic of this approach is that it is data hungry and finding data from
undisturbed areas will be difficult a problem shared with other approaches (e.g. distance to deg-
radation). Most time-series will also need to be detrended because long-term changes that are
related to for example climate change will be causing long term increases or decreases. This was
not considered a weakness of the approach, because it is a way of dealing with multiple pressures
that are operating at different spatial scales.

The most promising approach would be to collate time-series from many different locations with
a variety of environmental conditions, and use this dataset to predict the range of natural varia-
tion as a function of the environment. It may also be possible to use spatial rather than temporal
variation when estimating natural variation. A similar approach has been taken to fit a sensitivity
layer for the PD approach (Rijnsdorp et al., 2018). One way of finding a quality threshold for
“adversely affected” is to use areas without disturbance or least disturbed areas as a baseline.
The distribution of indicator values calculated from the baseline data is considered to represent
good environmental status and the threshold is a lower percentile calculated by bootstrapping
from this distribution. This approach has been tested in Sweden for benthic grab data by
Leonardsson et al. (2016). In their approach the threshold was set to the lower one-tailed 95%
confidence limit of the mean indicator values based on five samples bootstrapped from the base-
line data. One prerequisite for this method is that sufficient data from areas without or with little
disturbance can be identified.

For extent, the WK agrees that in general, currently there is not enough scientific knowledge to
provide an informed advice on extent thresholds able to distinguish good from degraded. From
the two-extent threshold analysed the workshop considered that ‘avoiding collapse” approach
was the most promising method, because it defines an extent that is needed to maintain full
reproductive potential of benthic invertebrates. This is most promising as an extent threshold,
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where the total population size of benthic invertebrates over the evaluated area is estimated as
the sum of the quality of all cells. This is only sensible when using indicators of quality that
directly relation to population size (biomass or abundance) and not for indicators such as M-
AMBI or species richness. Operationalising this approach would require estimating the stock-
recruitment relationship for the type of species that occur in a broad-scale habitat type. The ma-
jority of stock-recruitment relationships that exist have been derived for commercially exploited
species of crustaceans and molluscs, and it is uncertain if they can be applied to seabed species
in general. It is very unlikely that habitat specific relationships can be fitted. An exploration of
this approach is presented below. For broadcast spawning species where Allee effects exist (de-
pensation), because they need high densities to ensure external fertilisation (Gascoigne &
Lipcius, 2004), there may also be potential for use ‘avoiding collapse’ as a quality threshold by
identifying the abundance or biomass required for successful fertilisation at a local scale. How-
ever, it is unlikely that such relationships can be fitted for individual regions, and general Eu-
rope-wide or even global relationships may be need to be used.

We did not identify any methods to define extent thresholds that were considered optimal for
distinguishing good from degraded. Two methods that were considered promising were the
‘trade-off’ and ‘avoid collapse’ approaches. The ‘trade-off” approach instead is a spatial manage-
ment tool towards achieving a balance between state and human activities, while the “avoid col-
lapse” method identifies a point below which the state is certainly degraded, but the state may
need to be higher to be defined as good. Workshop participants were generally of the opinion
that it may be very difficult to set scientifically justified extent thresholds, and expect that a trade-
off approach may need to be used to set extent thresholds for GES.

Other possibilities are using a qualitative description like in the WED (Directive 2000/60/EC, An-
nex V) (no or minor deviation from reference conditions / no or minor anthropogenic alterations
/ abundance of characteristic species with no or slight deviation from reference condition), or by
evaluating if the direction of the temporal change in the indicators is in a desirable direction.
This was considered problematic, because it cannot be known if the direction is desirable if it is
unknown if the current state is good or degraded. James Bell gave a presentation illustrating how
thresholds for good state are derived by in the NAFO area, a summary is given in the appendix.

As stated in the previous, in addition to quality and extent thresholds, connectivity thresholds
may be premature at its current state, or at least, it hasn’t been thoroughly addressed in relation
to the MSFD in general. Below is short update on the status of some of the current marine con-
nectivity re-search activities, and suggestions on how connectivity may be incorporated into
MSED.

The fragmentation and deterioration of marine benthic habitats may disrupt dispersal pathways
between habitats and patches increasing the vulnerability of meta-populations by reducing re-
cruitment, decreasing the ability of population recovery and limiting gene transfer that may af-
fect population resilience in time. This dispersal of marine organisms between seascape units are
lately being referred to as marine functional connectivity, MFC (Darnaude ef al. 2022), and MFC
are typically inferred from studies using biophysical modelling that links predicted currents
from oceanographic modelling with larval dispersal modelling.
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While the importance of ocean currents for species dispersal has been generally accepted (e.g.
Josefson and Hansen 2004, Cowen et al. 2006, Josefson 2016) recent years have provided a grow-
ing number of studies linking outcome of biophysical models with empirical data emphasizing
the importance of MFC in both an evolutionary and demographic context. The former operating
on multigenerational and long term time scales and the latter operating on year-to-year or eco-
logical time scales (Lowe & Allendorf 2010, Marandel et al. 2017). As an example, a recent meta-
study on coral reef fish found clear relationships between connectivity metrics and biodiversity
indices and species abundances (Fontoura et al. 2022). Numerous other studies have found coin-
cidence between empirical population genetic gradients and dispersal barriers inferred from bi-
ophysical model-ling (e.g. Mertens et al. 2018 and ref herein).

MEC is an evolving discipline and despite growing evidence on the importance MFC shaping
marine benthic populations and communities, identification of indicators and thresholds in re-
lation to management objectives (e.g. within the MFSD, WFD and the Habitat Directive) have
not been fully developed. Methodologies on how to analyze MFC, however, are well established
and based on network theories applied in other scientific disciplines studying complex net-
works, e.g. graph theory, information theory (e.g. Treml et al. 2008, Cecino et al. 2021).

A few examples of relevant metrics that can represent connectivity or configuration properties
are shortly described below. Common for all, is that data analyses are based on biophysical mod-
elling outputs that can incorporate any species-specific larval (or propagule) traits (or alterna-
tively a more generic trait-based approach) and knowledge on habitat distribution and extent.

. Sink-Source dynamics: A habitat may serve primary as a source exporting propagules to
other habitats, or as a sink, receiving propagules from other habitats. Pure source are-as
may be particular vulnerable to habitat quality degradation due to limited recovery po-
tential, and pure sink areas will not contribute to maintenance or recovery of other hab-
itats. To optimize the configuration of habitats to meet quality thresholds of selected in-
dicators, the fraction of habitats that serve as both sinks and sources should be maxim-
ized.

J Betweeness centrality: This is a metric in graph theory that identifies habitat which serve
both as a source and as a sink, and that are particularly important as a link, via stepping
stone dispersal, connecting different parts of a network which are otherwise less con-
nected.

. Closeness centrality: This is somewhat supplementary to betweeness centrality a metric
for detecting habitats that are able to spread propagules very efficiently, via stepping
stone dispersal, through a habitat network

. Transitivity: This metric is also called “Cluster coefficient” and is a measure for how well
the habitats in the neighbourhood of a given habitat is connected. Transitivity can be
calculated for individual habitats (or patches) and for the whole network of habitats.

o Clustering: Clustering algorithms are often used in when analyzing MFC graphs to de-
tect communities of habitats or patches, and particularly for detecting dispersal bounda-
ries between otherwise well connected habitats. Dispersal boundaries from biophysical
modelling are often found to coincide with population genetic gradient from empirical
data.

A larger number of other graph metric exists that each represent distinct properties of the net-
work.

While these metrics are relatively easy to calculate and compare for individual habitats and hab-
itat networks, and for individual species, on a relative scale, absolute thresholds require state
pressure relationships where pressures representing a level of fragmentation or modification of
the habitat configuration, are included. This type of data may be difficult to obtain.
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Instead, connectivity metrics could be addressed as quality criteria, where e.g. for any given ex-
tent threshold the configuration need to be optimized. The exact connectivity quality criteria
would need to be developed and decided for. Examples could be:

. Criteria to minimize the number of isolated habitats (pure sources and/or pure sinks) in
a current configuration setting or relative to a reference condition

o Criteria to avoid very limited number of habitats with high betweeness and closeness
centrality, and instead favouring more habitats with intermediates values.

. Criteria to maximize the Transitivity of a given network

While connectivity metrics may be intuitively applicable to VME'’s and other habitats with lim-
ited spatial extent, connectivity metrics can be equally important for broad scale contiguous hab-
itat types as e.g. as soft-bottom communities. Despite the contiguous properties of these habitats
covering large areas, MFC analyses can identify areas that may be hydrographically isolated,
marginally connected, or serving as a major stepping stone habitat linking habitats together
which would otherwise be disconnected. Relevant studies for inspiration include Husebraten et
al. (2018).

The future work on development of connectivity criteria to be cooperated into e.g. extent thresh-
olds could benefit from combining the output of MFC metrics, e.g. sink and source dynamics,
with demographic theory describing meta-population dynamics based on life history traits for
individual species (fecundity, longevity, mortality, larval behaviour and dispersal, etc). This has
been proposed for evaluating different resource and conservation management strategies (Puck-
ett et al 2014, Theuerkauf et al. 2021). Despite obvious uncertainties in knowledge and presump-
tions required for such analysis, this type of exercise can be used to improve and test our under-
standing of the potential implications of habitat configurations on selected indicators/species in
a more systematic, transparent and reproducible way, and thus, as a supplement to expert judge-
ment.
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4.5 Worked examples

Here we give an example of how the quality and extent thresholds can be estimated using the
natural variation and avoid collapse approaches respectively for PD2 indicator (and not for L1),
and show how they can be combined to evaluate if GES has been achieved. This illustration is
partly based on work undertaken by Abigail Nichols as part of her MSc thesis at Bangor Univer-
sity.

The aim was to define GES by quantifying the annual range in natural variation (RNV) and its
lower threshold of benthic invertebrate abundance in undisturbed seabed ecosystems; and to
assess whether these measures covary with environmental variables.

A literature search was conducted to find benthic invertebrate abundance time series. The annual
variation in abundance was used to calculate the RNV (defined as the 95% confidence interval)
for each time series. It was hypothesised that the more stable the ecosystem, the smaller the RNV
and therefore the higher the lower threshold (0.025 quantile) of benthic invertebrate abundance.
Multiple linear regression analyses were performed with 52 studies; 402 studies were screened
and examined against a set of eligibility criteria for inclusion in statistical analysis. Depth of the
study site and benthic response (individual species or whole community abundance) were in-
cluded as explanatory variables after backward model selection (Figure 4.3).

RNV significantly decreases and lower threshold significantly increases as depth increases,
which is expected as ecosystems are typically more stable with increasing depth (Figure 4.4).
This trend is seen across benthic responses, though the individual species studies have signifi-
cantly higher RNVs and smaller lower thresholds than the whole community studies. Neither
the RNV or lower threshold varied significantly with latitude, average species lifespan or sub-
strate type.

On average the RNV of benthic invertebrate abundance was 1.06, translating to alower threshold
of conservatively estimated as 0.8. This means that the abundance can be reduced to around 80%
of the mean abundance and still be considered as having a GES. There is potential to explore
other environmental variables that may explain more of this variation.

The natural variation of the L1 indicator from time-series or spatially from undisturbed locations
cannot be estimated because this indicator cannot be estimated without reference to a particular
fishing intensity level (it is defined as the fraction of biomass with a longevity > 1 / swept-area-

ratio).
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Figure 4.3. Example of the treatment of a time-series of intertidal community biomass. The raw data is scaled around 1
and a regression line fitted. The residuals around the regression line are then used to estimate the range of natural
variation, which in this example would be at EQR = 0.63. Data from (Beukema & Cadee, 1997)
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Figure 4.4. Results of a multiple linear regression analyses with lower threshold of abundance (numbers or biomass) as
the response variable (R2 = 0.249, F(2, 49) = 8.105, p < 0.001). Depth and benthic response were the explanatory variables
in the models. Predicted equations for whole community: lower threshold = 0.598 + 0.057* log1o(depth). Predicted equa-
tions for individual species: lower threshold = 0.499 + 0.057* logyo(depth). Community: N = 28, Species: N = 24.

Estimating an extent threshold using the avoiding collapse approach for
the PD method

This approach needs a stock-recruitment relationship that is relevant to the species that live in
the habitats being evaluated, i.e. benthic invertebrates. The largest readily available dataset of
stock-recruitment relationships comes from the RAMlegacy database (Ricard et al., 2012). We
fitted Ricker stock recruitment relationships for all species of invertebrates in the database, and
for all data combined. The resulting dataset consisted mostly of shrimps and lobster, with a few
mollusc stocks. Both stock abundance and recruitment were scaled for every stock so that the
maximum was one.

This very preliminary analysis gives an indication that reproductive capacity of invertebrate spe-
cies is not impaired when the stock is larger than 40% of its maximum observed value (Figure
4.5). There is obviously a lot of variation there and the fitted relationship is highly uncertain, but
this example is meant to illustrate how this extent threshold could be made operational rather
than provide a usable extent threshold.

Here we use outputs for PD and L1 indicators for the Baltic Sea and the North Sea that were
created for WKTRADES3 to illustrate how the quality and extent thresholds can be combined to
evaluate if the broadscale habitats are in GES. Here we show cumulative plots following the
approach by Pitcher et al. (2022) (Figure 4.6). Lines that are further to the left on the plot are for
habitats that are more impacted. The quality threshold is a value on the y-axis of these plots,
while the extent threshold is a value on the x-axis of these plots.
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Figure 4.6. Distributions of grid cell indicator values (ordered 1 through 0) versus cumulative percentage of regional area.
Where indicator = 1 at top/left indicates untrawled seabed, and indicator = 0 at bottom/right indicates depleted seabed.

Figure 4.7 illustrates how this would work out for the PD indicator, using the provisionally esti-
mated quality (0.8) and extent thresholds (0.4). The quality threshold could have been made to
vary with the depth of each of the habitats, so a different quality threshold was used for each
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habitat. In these plots, if the cumulative lines cross the pink box, that bounds the quality and
extent threshold, a habitat would not be considered to be in GES. In this example all habitats
would be in GES, with habitat 14 in the North Sea, offshore circalittoral mud, being closest to the
thresholds. Given the preliminary nature of all analyses here, this example should be considered
as an illustration of the process only.
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Figure 4.7. Distributions of grid cell indicator values (ordered 1 through 0) versus cumulative percentage of regional area
for the PD indicator. The grey lines indicate the provisionally estimated quality and extent thresholds.
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Quantitative and qualitative ways to compare indi-
cators/assessment methods (ToR C)

There is a wide variety of assessment methods being used to assess the state of seafloor habitats.
These range from approaches with global implementation (e.g. Mazor et al. 2020, Pitcher ef al.
2022, Borja et al. 2009), to approaches that are more regionally oriented (e.g. HELCOM’s Cuml or
OSPAR’s BH3) and/or (currently) developed for specific regions, e.g. SoS, GBPI, mTDI, pTDI
(Serrano et al. 2022, Jac et al., 2020).

The assessment methods can roughly be classified into two different types. The first type are
methods that make a risk assessment of impact from human pressure. This is typically based on
an expert judgement and/or a quantitative meta-analysis how human pressure links to seafloor
impact. These risk-based methods can help guide the choice of management measures needed
to meet sustainability objectives and/or identify areas/seabed habitats that are most at risk
(Pitcher et al. 2020). The second type are methods that evaluate the change in an area using em-
pirical observations, typically using long-term monitoring data (e.g. Gislason et al. 2017). Both
risk and sampling-based assessment methods can evaluate the same indicator, e.g. benthic spe-
cies diversity, density or community biomass.

Each individual method, and associated indicator, is necessarily an incomplete simplification of
the natural world. Methods may have been developed with different assumptions, structures,
and processes, whereas indicators may focus on different components of the benthic ecosystem.
It remains therefore unclear whether the different risk-based approaches currently available in
EU waters find the same type of areas/seabed habitats most at risk from human activities such
as bottom fishing. Additionally, it remains unclear whether the empirical observations support
the risk-based findings.

This chapter will review and document options on how to evaluate and compare the suitability
and performance of indicators/assessment methods. This will both include comparisons of the
sampling-based methods as well as of seafloor sensitivity and impact/state. Worked examples
for specific areas are included to ensure that the outcome can be used in WKBENTHS3 for a fur-
ther comparison and evaluation of indicators/assessment methods.

5.1 Evaluating sampling-based methods

Recent benthic indicator developments have resulted in several scientific papers where sam-
pling-based methods have been compared against bottom trawling. We review three of these
papers (section 5.1.1). Considering their results, WKBENTH2 decided to collate a standardized
dataset to evaluate the specificity, sensitivity and/or responsiveness of the different sampling-
based indicator methods to pressure gradients, predominantly bottom fishing disturbance, the
dominant abrasion pressure in EU waters (ICES, 2019) (see section 5.1.2).

The collated dataset will be sent to experts end of June 2022. Experts will have until 31t of August
to estimate indicator values. The outcomes will be quality checked by 20t of September and an-
alysed at WKBENTHS3 (see section 5.1.3).
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5.1.1 Indicator evaluations in the literature

Which indicators were evaluated?
In the work, we evaluated the SoS indicator across 6 case studies and we compared its perfor-
mance with other indicators usually applied in the literature: Total Biomass or Total density

when biomass was not available (case studies B and E), Shannon diversity index and Margalef

index (in the case study D, Margalef index was replaced by Richness because the unavailability
of density data).

What data?
We used a variety of datasets, depending on the case study:

1.

Case studies Al and A2 - We used data from the Spanish IBTS for the period 2013-2019
sampled using a scientific otter trawl (ICES, 2017). We also used the MSFD-Broad habitat
map from Eunis (https://emodnet.ec.europa.eu/en/seabed-habitats) and VMS data from
the Spanish government. Al used samples from Offshore circalittoral sand whereas A2
used data sampled on Upper bathyal sediment.

Case study B, Ria de Vigo - We used data from endobenthos, sampled using a modified
BOUMA box-corer with a sampling area of 0.0175 m2. In addition, particle size, organic
matter, heavy metals and other pollutants were also quantified. Details on the precise
methods used can be consulted in Beiras et al. (2012). This case study was the only used
to assess the performance of SoS measuring a pressure different to trawling impact (pol-
lution).

Case study C: South-West Deeps, West Marine Conservation Zone - Data collected on
the target MSFD broad habitat ‘offshore circalittoral sand” was analysed using 101differ-
ent box-corer samples distributed across a gradient of trawling effort across a narrow
depth range, from 130 to 172 m depth. Biological communities were sampled using a
mini Hamon grab, with a sampling area of 0.1 m?2. The biological data and the pressure
associated to each habitat was provided by JNCC.

Case study D. Flemish Cap - Data from the Flemish Cap area (a high-seas zone off the
Canadian coast) located at depths ranging from 600 to 1300 m (MSFD broad habitat ‘mid
bathyal sediments’) was used to assess SoS performance. We used data from the 2007 EU
Flemish Cap bottom-trawl research survey (Duran Mufioz, et al., 2020), using standard-
ised sets of a Lofoten bottom trawl (with a swept area of =0.04 km? each) following a
depth-stratified sampling design (see Murillo et al., 2016; 2020 for more information).
Trawling effort was estimated using VMS data from international fisheries and calcu-
lated as the sum of pings by cell and year (can be translate into hous/km?).

Case study E. Seco de los Olivos seamount - Species data were obtained from three ROV
(Seaeye Falcon & FalconDR) surveys conducted by OCEANA on board the Oceana
Ranger between 2010 and 2012 (for more information about the sampling area or method
see de la Torriente et al., 2018, 2019, 2020). The sampling unit consisted of 1-minute con-
tinuous movement ROV tracks at a speed of 0.2-0.4 knots, covering an average distance
of 13 m (mean = 13.16 + 5.74 SD). The final data set selected for analysis was composed
by 86 samples located in the target MSFD broad habitat (upper bathyal sediment) across
a trawling effort gradient. For the trawling effort data, we used data supplied by the
Spanish government.

What method was used for evaluation?
The SoS performance was compared against the other methods by computing the correlation

between each indicator and the pressure values using Spearman correlation (Table 5.1).
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Furthermore, the values of each indicator across the pressure gradient were visually shown us-
ing boxplots (Figure 5.1).

Outcome?

In each scenario, the SoS indicator was compared to the Shannon-Wiener diversity index, Mar-
galef index and total biomass, being the only metric, which showed the expected significant neg-
ative response to pressure in all cases. Our results show that SoS was highly effective in assessing
benthic habitats status under both physical and chemical pressures, regardless of the sampling
gear, the habitat, or the case study, showing a great potential to be a useful tool in the manage-
ment of marine ecosystems.

Table 5.1. Correlation values of the four tested metrics for each case study: proportion of sentinel species, total biomass
(or total density when biomass not available), Shannon-Wiener index and Margalef index (replaced by species richness
in Flemish Cap).

CASE STUDY/HABITAT VARIABLE rho p-value
Al) DEMERSALES: Proportion of sentinel species -0.24 0.006
Offshore Circalitoral Sand .

Total biomass(kg/km?) -0.25 0.003

Shannon index 0.00 0.984

Margalef index 0.09 0.293
A2) DEMERSALES: Proportion of sentinel species -0.58 <0.001
Upper Bathyal Sediment .

Total biomass (kg/km?) 0.10 0.061

Shannon index -0.44 <0.001

Margalef index -0.49 <0.001
B) Ria de Vigo: Proportion of sentinel species -0.76 <0.001
Infralitoral Mud S

Total density (ind/km?) -0.72 <0.001

Shannon index -0.72 0.001

Margalef index -0.76 <0.001
C) South-West Deeps: Proportion of sentinel species -0.22 0.036
Offshore Circalitoral Sand .

Total biomass (kg/km?) 0.25 0.029

Shannon index 0.22 0.026

Margalef index 0.13 0.204
D) Flemish Cap: Proportion of sentinel species -0.49 0.011
Mid Bathyal Sediment .

Total biomass (kg/km?) -0.60 0.001

Species Richness -0.61 0.001

Shannon index -0.46 0.018

E) Seco de los Olivos: Proportion of sentinel species -0.55 <0.001
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Upper Bathyal Sediment

Total density(ind/km?) -0.66 <0.001
Margalef index -0.15 0.160
Shannon index -0.31 0.003

A1) DEMERSALES: Offshore circalitoral sand

A2) DEMERSALES: Upper bathyal sediment
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Figure 5.1. Proportion of sentinel species (y-axis) across the pressure gradient (x-axis) by case study A1) DEMERSALES
offshore circalittoral sand, A2) DEMERSALES upper bathyal sediment, B) Ria de Vigo, infralittoral mud (Pollution),C) UK
Waters, offshore circalittoral sand, D) Flemish Cap, mid bathyal sediment, and E) Seco de los Olivos seamount, upper
bathyal sediment. The boxes represent the interquartile range (IQR), the line is the median and the notches are its con-
fidence interval. The lines of the whiskers extend 1.5 IQR and outliers are identified as points beyond the whiskers.

Hiddink et al. 2020

Using a systematic review methodology, we collated data from 41 studies that compared the

benthic biota in trawled areas with those in control locations in a meta-analysis (that were either
not trawled or trawled infrequently), examining 7 potential indicators (numbers and biomass for
individual taxa and whole communities, evenness, Shannon-Wiener diversity and species rich-
ness) to assess their performance against a set of 9 criteria (concreteness, theoretical basis, public

awareness, cost, measurement, historical data, sensitivity, responsiveness, specificity).
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The effects of trawling were stronger on whole-community numbers and biomass than for indi-
vidual taxa. Species richness was also negatively affected by trawling but other measures of di-
versity were not. Community numbers and biomass met all criteria, taxa numbers and biomass
and species richness satisfied a majority of criteria, but evenness and Shannon-Wiener diversity
did not respond to trawling and only met few criteria, and hence are not suitable state indicators
of the effect of bottom trawling. An evaluation of each candidate indicator against a commonly
agreed suite of desirable properties coupled with the outputs of our meta-analysis showed that
whole-community numbers of individuals and biomass are the most suitable indicators of trawl-
ing impacts as they performed well on all criteria. Particular strengths of these indicators are that
they respond strongly to trawling, relate directly to ecosystem functioning, and are straightfor-
ward to measure. Evenness and Shannon-Wiener diversity are not responsive to trawling and
unsuitable for the monitoring and assessment of bottom trawl impacts.
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Figure 5.2. Mean response to trawling (InRR) and 95% confidence intervals for the indicators. If the confidence interval
overlaps 0 the effect was not significant. N (= number of studies reporting on each indicator) is given under each bar. The
right-hand axis gives % changes for ease of interpretation. J’: evenness, H’: Shannon-Wiener diversity index, SR: species
richness. Responses for taxa indicate the mean of the responses of the individual taxa that were reported in the studies.

Which indicators were evaluated?

Fifteen indices were investigated: taxonomic diversity metrics, functional diversity indices and
functional indices, the two later based on sensitivity traits to physical abrasion (size, position,
feeding, mobility, fragility).

Total community biomass and five common taxonomic diversity indices were calculated: species
richness (5, the total number of taxon), Margalef index (Margalef, 1958), Shannon diversity (H’,
Shannon and Weaver, 1963), Pielou evenness (J’, Pielou, 1969) and Simpson index (A, Simpson,
1949). Functional Richness (FRic, Cornwell et al., 2006; Villéger et al., 2008), Functional Speciali-
zation (Fspe; Bellwood et al., 2006, Villéger et al., 2010), Functional Evenness (FEve; Mason et al.,
2005) and Functional Divergence (FDiv; Mason et al., 2005) were investigated using the species-
traits matrix mentioned above. Functional sensitivity indices, designed to detect particular im-
pacts on communities were also computed. In contrast to functional diversity indices for which
each trait level is given equal weight, semi-quantitative trait scoring indicates the potential sen-
sitivity of each species to a given pressure. Functional sensitivity indices therefore integrate this
scoring in their calculation. The tested indices were: AZTI Marine Biotic Index (AMBI; Borja et
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al., 2000), Trawling Disturbance Index (TDI; de Juan and Demestre 2012), modified TDI (mTD],
Foveau et al., 2017), partial TDI (pTDI) and the modified vulnerability Index (mT; modified from
Certain et al., 2015). TDI-derived indices were developed specifically to detect trawling impact,
while mT is issued from a general framework allowing to address any pressure as long as specific
sensitivity traits were available to detect it.

What data?

Benthic invertebrate fauna’s samples, considered as bye-catch, were opportunistically collected
and monitored during four scientific bottom trawl surveys. For each survey, species were sorted,
identified, counted and weighed. Only the biomass data (g.km-2) were used in this approach to
account for colonial species that could not be counted. Commercial species and cephalopods
were removed from the analyses. A data filtering and aggregation procedure was proposed to
avoid mis-identification errors and heterogeneous taxonomic expertise over the available serie.

1. Mediterranean - French MEDITS data for the period 2012-2018 were used, distinguishing
two study areas, the Gulf of Lion and the Eastern shelf of Corsica. International SAR data
(2009-2017) were computed from VMS data and vessel size. The 90t percentile value over
the whole period was used as no significant change in the effort distribution could be
detected.

2. English Channel - Three scientific trawling surveys were used: French North Sea IBTS
(2009-2018), French Channel Ground Fish Survey (2008-2018) and CAMANOC survey
(2014). International SAR data (2009-2017) were downloaded in March 2019 through
OSPAR website (https://www.ospar.org). The 90t percentile value over the whole period
was used as no significant change in the effort distribution and value could be detected.

3. Southern North Sea - The French North Sea IBTS (2009-2018) was used. International SAR
data (2009-2017) were downloaded in March 2019 through OSPAR website
(https://www.ospar.org). The 90t percentile value over the whole period was used as no
significant change in the effort distribution and value could be detected.

What method was used for evaluation?

Within each of the four study areas, the properties of each indices, such as their capacity to detect
trawling effect (spearman correlation, index of difference in spatial pattern between index and
abrasion values), their statistical behaviour (skewness and kurtosis) or their ability to inform on
community structure (percentage of variance of the community structure explained by RDA),
were investigated. In order to simplify the assessment of all indices properties, a qualitative scor-
ing scheme was used. Once a total score per index was computed, indices could be ranked ac-
cording to their performance and those with the highest score were selected (Table 5.2). Boxplot
of indices values across abrasion classes and interpolated maps of the best performing indices
were also provided (Figure 5.3 and 5.4).

Outcome?

The evaluation of the efficiency of the 15 different indices showed the necessity to use indices
specific to trawling to detect its effect on benthic habitat in these five very contrasted regions.
Also, their detection power seemed limited in areas with low abrasion gradients (Corsica). Fours
indices specific to fishery effect detection based on biological traits appeared to be the best per-
forming benthic indices regarding these requirements: Trawling Disturbance Index (TDI), mod-
ified-Trawling Disturbance Index (mTDI), partial-Trawling Disturbance Index(pTDI), modified
sensitivity index (mT). However, their detection power varied geographically and although
closely related, it seems difficult to select and recommend only one of them. In conclusion, to
monitor the effect of trawling on benthic communities in all European waters, these indices
would need to be systematically screened and the locally most suitable one chosen for impact
assessment.

57



58

ICES Scientific Reports 4:70

Table 5.2. Results of spearman correlation tests and spatial correlation index for each index in the four studied areas.

Indices Spearman correlation test Spatial correlation (Lee index)
GoL Corsica IBTS Cg‘;a * Score GoL Corsica IBTS CS}ES‘I * Score
Cgir;‘:]‘;:;ty 015" -005  0.001 026" 128 071 058 076 0.66 2.37
fl’cpf:;e; 013 031" 010% 009" 177 031 044 049 0.42 3.82
M;‘\?:)'(ef 043 032" 040" 011" 1.86 031 044 049 042  3.82
ST;J':;" 024 013 001 -0.02 110 032 047 052 0.43 3.65
'Tril:'g: 021" 007 -0.10° 011" 140 032 048 053 043 3.62
Simpson 40 045 001 -0.03 101 032 046 052 0.42 3.61
index
FRic 019" 036"  0.09 015" 244 038 058 058 0.56 3.02
FDiv 008 -001 -014° 021"  1.00 030 054 056 0.41 3.55
FEve 021" 007 001 011" 111 030 056 057 0.42 3.50
FSpe 014" 028 003 0.05 141 030 053 054 0.41 3.60
AMBI 026" 036" 0003  -008" 199 042 057 058 0.52 3.02
DI 033" 007 -0.35" 034" 308 032 056 057 047 3.34
mTDI 031" -008 028" -0327 280 031 052 053 0.42 3.59
pTDI 026" 009 -0.35"  -037 301 030 072 072 0.61 2.87
mT 034" -001 -022° -030" 247 029 050 050 0.37 3.86

GoL. = Gulf of Lion. CGFS + CAM = CGFS and CAMANOC surveys * indicates that P < 0.05 ; ** indicates that P < 0.01 ; *** indicates that P < 0.001; ns

indicates no significant difference. Grey shading indicates best scores
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Figure 5.3. Values of the four selected indices by class of abrasion in the Gulf of Lion.
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Figure 5.4. Values of the four selected indices by class of abrasion for the CGFS and CAMANOC data (English Channel).

5.1.2 Collating trawling gradients for a standardized comparison

WKBENTH?2 identified 14 benthic datasets over gradients of commercial bottom trawling inten-
sity, 2 benthic datasets over gradients of eutrophication and 1 over pollution. The benthic data
consists of abundance and biomass per species (Table 5.3). This information will allow experts
to calculate most of the currently available sampling-based indicators. One of the datasets is near
the Flemish Cap (Canada). This dataset outside EU waters is included as most of the other da-
tasets are in relatively shallow waters (Table 5.3).

The aim in WKBENTHS3 is to evaluate change in benthic indicator values along the gradients and
determine which indicators are most responsive to bottom trawling disturbance. Such a compar-
ative analysis can result in differences in community composition that seem to be related to the
pressure, while in fact the pressure gradient varies with environmental conditions. We therefore
selected datasets that have limited variation in environmental conditions within each gradient.
For each of these gradients, it is expected that the effects of trawling/eutrophication/pollution on
benthic communities will have a larger impact than the environmental conditions.

5.1.3 Analysis in WKBENTH3

Indicator values will be compared by computing the correlation between each indicator and the
(log-transformed) pressure values using Spearman correlation. The values of each indicator will
also be plotted along the pressure gradients. Lastly, and only for all trawling gradients, we will
calculate the mean response to trawling across all locations (similar to Figure 5.2). This response
is estimated by calculating the change in indicator values from low versus high trawl disturbed
stations at each location.
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Table 5.3 Identified benthic datasets to be evaluated in WKBENTH3.

| ICES

Ecoregion Location Sampling Pressure gradient  Depth (m) Sediment type
device
Baltic Sea Gotland region? Van Veen grab  Trawling 37-59 Muddy sand
Southern Baltic Sea? Box core Trawling 70-85 Sand
Gulf of Finland** XX Eutrophication
North Sea Dutch EEZ coarse sediment® Box corer Trawling 22-36 Sand
Thames3 Box corer Trawling 16-40 Sand
Silver Pit3 Box corer Trawling 68-78 Muddy sand
Fladen Ground? Day grab Trawling 143-153 Mud
Dogger Bank? Hamon grab Trawling 25-30 Sand
Long Forties? Hamon grab Trawling 74-83 Gravelly sand
Celtic Seas Sellafield, Irish Sea3 Day grab Trawling 21-42 Muddy sand
Iberian Coast Offshore circalittoral sand*  Otter trawl Trawling 71-202 Sand
Upper bathyal sediment* Otter trawl Trawling 200-500 Mud
Ria de Vigo*® Grab Pollution <30 Mud
Canada Flemish Cap mid-bathyal Otter trawl Trawling 786-1236 -
sediment*
Western Med Gulf of Lion** Otter trawl Trawling
Sea
Adriatic Sea To be determined** Otter trawl Trawling
lonian/ Aegean Greek case study (coastal) XX Eutrophication

*%

** to be confirmed / determined

1 see van Denderen et al. 2020 and references therein

2 see van Denderen et al. in press.

3 see van Denderen et al. 2015 and references therein

4 see Serrano et al. 2022 and references therein

5 see Beiras et al. 2012




ICES

WKBENTH2 2022

5.2 Evaluating risk-based methods

Countries, Regional Sea Conventions and the ICES working group FBIT are developing risk-
based approaches to assess the state of benthic habitats for MSFD D6 purposes.

Most risk-based methods that evaluate seafloor integrity have an underlying data layer that de-
scribes benthic sensitivity to bottom trawling (or any type of seafloor abrasion), where sensitivity
varies with environmental conditions and/or habitat types, as well as a prediction of benthic
impact (Figure 1.1). The WK decided that WKBENTHS3 could evaluate these patterns of sensitiv-
ity and impact for regions where multiple methods are available (Table 5.4).

Table 5.4. Regions with overlap between risk-based approaches

Ecoregion Spatial coverage Indicator methods
North Sea Entire North Sea BH3, L1, L2, PD2, Margalef diversity (BH2 of OSPAR), BH4 of
OSPAR

Southern North Sea  TDI

English Channel TDI
Baltic Sea Entire Baltic Sea Cuml, PD, L1
Bay of Biscay and the Iberian Iberian Coast BH3, SOS (BH1 of OSPAR), PD
Coast
lonian/ Aegean** Greek EEZ PD, WFD indicators

** analysis is underway and can potentially be included

The WK suggested that an evaluation of risk-based approaches can be realised by visually com-
paring maps and through a ranked score per MSFD habitat type and subdivision (or EEZ). The
ranking is helpful because it limits the need to standardize and/or calibrate outputs across ap-
proaches. The ranked score per habitat type will allow WKBENTHS3 to examine if the risk-based
approaches find the same habitat types most sensitive to physical disturbance and/or most at
risk of adverse effects (section 5.2.1).

Since the approaches have different underlying units/ assumptions (e.g. sensitivity may be de-
termined from benthic longevity, other biological traits and/or expert judgement), the WK de-
cided not to compare the actual values across approaches or include an ensemble approach to
combine the predictions of the methods.

For a standardized impact evaluation, it would have been preferable to re-run all methods with
the same underlying fishing pressure layer ahead of WKBENTH3. However, this will be difficult
for some methods given the available time. It was therefore decided to use the impact maps as
they are, with the caveat that impact results may differ due to a different spatial distribution of
abrasion pressures.

A more detailed comparison of several risk-based approaches is currently under development
for the UK EEZ. This work was presented in the workshop and is summarized in section 5.2.2.
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5.2.1 Evaluating sensitivity and impact

Evaluation of the different risk-based approaches will be done in WKBENTHS3 by visually com-
paring the sensitivity/impact maps as well as by evaluating ranked sensitivity/impact scores per
MSEFD habitat type and subdivision (or EEZ). The ranked scores will show if the different risk-
based approaches currently available in EU waters find the same type of areas/seabed habitats
most sensitive to bottom fishing (see Figure 5.5) and/or most at risk of adverse effects (see Figure
5.6).

Experts will be contacted by mid-July and will be asked to provide spatial data layers and/or a
scored sensitivity and impact per MSFD habitat type and subdivision (or EEZ). The outcomes
will be quality checked by 20t of September and analysed at WKBENTHS3.

The analysis will make use of the latest EMODNET EUSeaMap habitat data (Vasquez et al. 2021).
In the absence of subdivisions agreed by Member States, the analysis will use an indicative set
of 22 subdivisions following ICES advice (2021). Polygon shapefiles of these subdivisions are

available: https://github.com/ices-eg/ WKTRADE3/tree/main/5%20-%200utput/Subdivi-
ons%?20shapefiles.

Sensitivity

MFSD habitat Fractionof L1 L2
total area

Offshore circalittoral mud 0.35 1 1 4 1 = most sensitive

Offshore circalittoral mixed sediment 0.06 2 2 3

Offshore circalittoral coarse sediment 0.03 3 3 2

Offshore circalittoral sand 0.13 4 4 1

Infralittoral mixed sediment 0.05 5 5 6

Infralittoral sand 0.21 6 6 5

Circalittoral mud 0.05 7 7 7

|Infra|ittora| mud 0.05 8 Il 8 8 8 = |east sensitive

Figure 5.5 Example of sensitivity score per MSFD habitat type in the Kattegat subdivision for three different indicators
(note that PD and L1 use the same underlying sensitivity layer).

Impact

MFSD habitat Fractionof L1

total area

Offshore circalittoral mud 0.35 1 1 1 = lowest state
Offshore circalittoral coarse sediment 0.03 3 2
Circalittoral mud 0.05 2 4
Offshore circalittoral mixed sediment 0.06 4 3
Offshore circalittoral sand 0.13 5 5
Infralittoral sand 0.21 7 6
Infralittoral mud 0.05 6 8
Infralittoral mixed sediment 0.05 8 7 8 = highest state

Figure 5.6 Example of impact score from bottom fishing disturbance per MSFD habitat type in the Kattegat subdivision
for two different indicators. Fishing pressure layer used is the average annual based on VMS data for the years 2012-
2018.

5.2.2 Example of a current project

Risk-based indicator evaluations in the UK EEZ - presented by Liam Matear (INCC) during the
workshop

The aims of the project are to test a suite of indicators, that have been used (or are planned to be
used) for national and international reporting, using a common dataset, to evaluate data needs,


https://github.com/ices-eg/WKTRADE3/tree/main/5%20-%20Output/Subdivions%20shapefiles
https://github.com/ices-eg/WKTRADE3/tree/main/5%20-%20Output/Subdivions%20shapefiles
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to evaluate applicability at UK level, to compare results and help address some knowledge gaps
identified through the UK Marine Strategy assessments. Within this project, we aim to improve
the accuracy and confidence of the assessments of benthic habitats, building upon the lessons-
learnt and knowledge gaps identified during the production of the OSPAR Intermediate Assess-
ment, UK Marine Strategy and the Habitats Directive Article 17.

Several benthic indicators were chosen for testing and comparison within the scope of this pro-
ject; Sentinels of the Seabed (SoS, previously named “Typical species composition BH1”), Benthic
Indicator Species Index (BISI), Benthic multimetric index (BENMMI), Infaunal Quality Index
(IQI), Population Dynamic 2 (PD2) and Extent of physical damage (BH3).

The project started in 2019 and includes the following tasks:

. Analyse and compare the results across a number of benthic indicators.

. Use multimetric indicators to calibrate and improve the data layers and methods under-
pinning the model-based indicator, extent of physical damage, exploring how the current
method could be changed to improve the confidence of the results, and how additional
pressures should be incorporated.

. Explore the proportion of available data which can be used by the different indicators.
. Specify data requirements and applicability of indicators across different habitat types.
. Compare indicator results at multiple scales.

U Test the indicators using additional activities and pressures.

Outputs of the project are forthcoming, with further testing planned to assess additional human
activities (aggregate extraction via BH3) and new monitoring data from wider geographical ar-
eas and habitats. Further work will also include comparing indicator results at new scales of
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Compilation of assessment methods/indicators
(ToR D)

ICES is requested to provide a detailed review of indicators used, or under development, by
Regional Sea Conventions (RSCs), Member States and ICES, for assessing the state/condition of
seabed habitats and relevant existing literature. The review should specify the input data, how
data is processed, the parameters of habitat quality used, how quality is quantified, any thresh-
old values used, the applicable seabed (habitat) and pressure types, how the output is expressed,
and how confidence and uncertainty are handled.

The workshop will develop a framework to compile the required information on seabed indica-
tors / assessment methods to enable their review and evaluation, and provides the opportunity
to contribute to the subsequent compilation.

6.1 Development of information extraction table

To obtain information on benthic indicators and assessment methods in an objective and con-
sistent manner, an information extraction table was developed. A first draft of such a framework,
based on an initial draft of Daniel van Denderen and supplemented by Esther and Karin, was
presented at the first plenary session of WKBENTH2. Subgroup D then adjusted the table based
on recommendations from WKBENTH?2 participants, after which all participants were given the
opportunity to contribute outside of the (physical) meeting. A dedicated meeting with the lead
of Subgroup A (David Reid) ensured that the established ‘criteria for indicators’” were integrated
in the table. This then led to the final information extraction table shown in Table 6.1.
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Table 6.1. The final information extraction table as used in the benthic indicator review.

Indicator name

Indicator
description

Type of indicator O Model [0 Empirical-based [ Pressure

Pressure assessed

Human activity

MSFD criteria / descriptor

How does the
indicator relate to benthic biological diver-
sity?

How does the

indicator relate to benthic
community

structure and function?

Indicator status O Under develop- O Applied for MSFD [ Applied for
ment other
management, if
so, for what:

Regions with
operational
assessments

Indicator description

Biological data
input (e.g. monitoring program, time se-
ries, sampling method)

Targeted O Infauna O Epi- O Demersal O Other: ....
organisms fauna fish

Environmental data input (e.g. empiri-
cal/modelled, source, time series)

Pressure data
input (e.g. time series, empirical/modelled,
source, national/international)

Input data

Data availability

Parameters
determined from biological data

(e.g. Species richness, abundance, biomass
community, Shannon Weaver, Simpson,
sensitivity classes)

Parameters
determined from pressure data

(e.g. total SAR, years not fished, trawling
interval)

Methodology

Algorithm type
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Indicator description

Indicator name

Indicator
description

Type of indicator O Model

[0 Empirical-based

[ Pressure

Pressure assessed

Human activity

MSFD criteria / descriptor

How does the
indicator relate to benthic biological diver-
sity?

How does the

indicator relate to benthic
community

structure and function?

Indicator status O Under develop-

ment

O Applied for MSFD

O Applied for
other
management, if
so, for what:

Regions with
operational
assessments

List of categorical information (Pres-
ence/Absence, ...)

Direct measurements (counts, areas, con-
centrations, ...)

Single or multimetric indicators using basic
arithmetics

Indicators using multivariate and complex
statistics

Indicators derived from modelling ap-
proaches

Indicators reporting on trends

References for state - pressure
relation

Uncertainty
estimation
methodology

Coding
availability (e.g. scripts, GitHub)

Threshold present

Threshold methodology

Output

Output variable type [ Continuous

[ Categorical

[ Proportional

Output variable range / classes
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Indicator description

Indicator name

Indicator
description

Type of indicator O Model [0 Empirical-based

[ Pressure

Pressure assessed

Human activity

MSFD criteria / descriptor

How does the
indicator relate to benthic biological diver-
sity?

How does the

indicator relate to benthic
community

structure and function?

Indicator status O Under develop-
ment

O Applied for MSFD

O Applied for
other
management, if
so, for what:

Regions with
operational
assessments

Output
availability (e.g.
report, website,
reference)

Uncertainty
handling (e.g.
present confidence interval)

Spatial resolution (e.g. grid cell size, habi-
tat level)

Temporal
resolution

Seabed habitat levels presented?

More info

Indicator lead
person

Indicator data
contact

References /
Literature /
Project websites
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6.2 Compiling a list of indicators / assessment methods

6.2.1 Existing compilations of benthic indicators

A suite of benthic habitat indicators was compiled by ICES in 2015 for the Workshop on guidance
for the review of MSFED Descriptor 6 seafloor integrity II (WKGMSFDD6-II) from various sources
(Member States, Regional Seas Conventions and projects) (ICES, 2015). A similar extensive suite
of indicators was compiled by the EU project DEVOTES including for D6 and reported in
Teixeira et al. 2016. Various tool databases are available?? although their links to MSFD D6 criteria
refer to the pre-MSFD 2017 revision. These resources include numerous proposed/non-opera-
tional and nationally used indicators originating from the Water Framework Directive (WFD).
The actual list of the WFD indicators used by the Member states with their agreed quality thresh-
olds-EQRs is available in the European Communication and Information Resource Centre for
Administrations, Businesses and Citizens (CIRCABC) (Commission Decision (EU) 2018/229)4.
An overview of indicators currently used in coastal waters to assess the Biological Quality Ele-
ment “benthic invertebrate fauna” under the WFD can be found in Table 6.2. A number of these
indicators, including for example AMBI, M-AMB], are also currently used widely in the MSFD
for Deé.

Table 6.2. Indicators used under the WFD to assess the Biological Quality Element “benthic invertebrate fauna” in coastal
waters.

Region Country Indicator
Finland BBI — Finnish Brackish water Benthic Index
Sweden BQIl — Swedish multimetric biological quality index
Estonia ZKI — Estonian coastal water macrozoobenthos community index
Latvia BQI — Benthic quality index
Lithuania BQI — Lithuanian benthic quality index
Denmark DKIv2 — Danish Quality Index version 2
=
=
g_.g Germany MarBIT — Marine Biotic Index Tool
Belgium BEQI — Benthic Ecosystem Quality Index
Denmark DKIv2 - Danish Quality Index version 2
Germany M-AMBI — Multivariate AZTI’s Marine Biotic Index
.§
K] France M-AMBI — Multivariate AZTI’s Marine Biotic Index
b=
b7 .
8 Ireland 1Ql — Infaunal Quality Index
=
i
§ Netherlands BEQI2 — Benthic Ecosystem Quality Index 2

2 https://mcc.jrc.ec.europa.eu/main/dev.py?N=simple&0=187&titre page=DevoTool

3 http://193.204.79.93:3838/SHINY/SHINY SERVER/ACTIONMEDCATALOGUE/

4 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32018D0229



https://mcc.jrc.ec.europa.eu/main/dev.py?N=simple&O=187&titre_page=DevoTool
http://193.204.79.93:3838/SHINY/SHINY_SERVER/ACTIONMEDCATALOGUE/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32018D0229

70

ICES Scientific Reports 4:70

Region Country Indicator

Norway NQI — Norwegian Quality Index
Portugal BAT — Benthic Assessment Tool
Spain M-AMBI — Multivariate AZTI’s Marine Biotic Index
Sweden BQI — Swedish multimetric Biological Quality Index
United Kingdom 1Ql — Infaunal Quality Index
Italy M-AMBI — Multivariate AZTI’s Marine Biotic Index
Slovenia ?
Cyprus BENTIX
France AMBI — AZTI’s Marine Biotic Index

3

(%]

5 Greece BENTIX

o

5

E Spain BOPA — Benthic Opportunistic Polychaetes Amphipods Index

£

s Spain MEDOCC — MEDiterranean OCCidental

Black Sea Bulgaria M-AMBI(n) — Multivariate AZTI’s Marine Biotic Index normalized

Romania M-AMBI(n) — Multivariate AZTI’s Marine Biotic Index normalized

6.2.2 Compiling a final list for this review

The Technical Group on seabed habitats and seafloor integrity (TG Seabed) recently compiled
an overview of quality and extent thresholds currently applied by Member States in relation to
the benthic indicators used for the MSFD for D6 (TG 2022, 9t meeting). As such, TG Seabed
members were requested to list indicators / assessment methods to be included in this review
before WKBENTH?2. These were compiled and distributed among the chairs of WKBENTH?2 for
potential supplements. Hereafter, the list was presented in the plenary session, where all partic-
ipants were encouraged to contribute with any relevant indicators / assessment methods, and to
provide their thoughts on the inclusion / exclusion of the listed ones. Here, it was mentioned that
WED indicators used in assessments of coastal waters may also be included, after which relevant
WED indicators (Table 6.2) not yet listed were added to the list. Additionally, Regional Seas Con-
ventions (HELCOM, OSPAR, SPA/RAC) were contacted for any relevant indicator or assessment
in use or currently under development that could be included in the review. Finally, existing
compilations mentioned in the previous section were checked to ensure any relevant indicators
not yet on the list of indicators to be reviewed were added. Note that the numerous indicators
not operational or only weakly developed were not deemed relevant to be currently reviewed.

During WKBENTH?2, it was suggested to also include an overview of ‘simple’ indicators (e.g.
species richness, species abundance, the Simpons’ index) as these often are incorporated within
benthic indicator algorithms. Note however, that it has not been observed that any of these sim-
ple indicators has been used by Member States under the MSFD so far.
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Conclusions and next steps

7.1 Main findings

WKBENTH2 had 64 participants, with an average of 25 active participants during any one day.
Participants represented 40 different countries and included all EU waters (Iberian Coast, Celtic
Sea, Bay of Biscay, North Sea, Baltic Sea, Mediterranean and the Black Sea). Benthic and policy
experts from EU-funded projects, Regional Seas Conventions, and academia.

Specific benthic indicator characteristics are required to evaluate the D6 criteria, D6C3 and D6C5,
as they respectively focus more on the risk of adversely affecting the benthic habitat (based on
sensitivity and/or evaluation) or determining the benthic habitat status under multiple pressures.
Therefore, risk-based and empirical (sample-based) indicator approaches are needed to have an
appropriate D6 assessment.

Annual benthic sampling across the EU is sporadic and lacking spatial and temporal coverage.
It is difficult to standardize between countries. It is unlikely that sampling will ever be able to
provide a representative picture of seafloor status at the regional scale, which the MSFD is re-
quired to do its assessment for D6. Therefore, modelling approaches have recently been devel-
oped that estimate benthic community sensitivity to various pressure types across regions. These
risk-based approaches are able to deliver assessment for MSFD at the regional scale and per
broad scale habitats type for D6. WKBENTH2 evaluated a combination of empirical (sampling-
based) approaches and risk-based approaches.

The analysis focused on indicators relevant to D6C3 and C5.

. Two sets of criteria were developed to evaluate indicators and thresholds for suitability
for D6 in the MFSD. These criteria were building on Rice and Rochet 2005, WGECO,
WKBENTH and Bundy et al. 2019.

. A list of 16 indicator criteria based on 4 major categories (data quality, management,
conceptual, uniqueness) were compiled. The indicator criteria were weighted by im-
portance (3 level score based on Core, Desirable, Informative) and compliance scores
were defined. The framework was evaluated and found suitable for 6 test indicators rel-
evant to D6 (BQL TDI, SoS, DKIv2, PD2, M-AMBI). These 6 indicators represented two
major types of indicators: multivariate indicators of ecosystem state, and single pressure-
state relationship.

o The expert group looked at developing a threshold criteria framework that will be pur-
pose-fit for the MSFD revision 2017 and in particular D6. A list of 12 criteria based on 4
major categories (overall evaluation, management evaluation, scientific evaluation, soci-
etal evaluation) were compiled, based on WGECO 2013 and further added to by the
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group. The threshold criteria were weighted by importance (3 level score) and criterion
scores were defined.

The criteria were designed to evaluate at a subregional or regional level, but not a cross-
regional level. The scoring for these criteria are meant as a guidance when choosing in-
dicators and thresholds, so failure to meet one criteria will not prevent the use of the
indicator or threshold in an assessment as it may meet other criteria or regional specific-
ities.

The criteria were useful for evaluation both indicators and thresholds. The scoring pro-
cess was sensitive to expert groups composition and works most consistently when there
are experts in the group on both the criteria themselves and on the indicators and thresh-
olds. When evaluating indicators or thresholds for a specific region or subregion it is
important to have experts from that area.

In the MFSD assessment of benthic habitats we need both quality and extent threshold
to achieve GES. The quality threshold sets what the local state is, extent how much needs
to be in a good state. Eleven different methods for setting GES thresholds were identified,
covering methods for both quality and extent thresholds. More options were identified
that are suitable for setting scientifically-justified quality thresholds (7) than for scientif-
ically-justified extent thresholds (5).

The WK considered GES quality thresholds based on the lower boundary of the range of
natural variation most promising. This approach can be used for many indicators, but
not all.

The WK considered that it is difficult to estimate extent thresholds for GES. Possible ap-
proaches for setting extent threshold are be about keeping the state of the ecosystem
above that would result in impairment of recruitment of benthic species, or evaluating
trade-offs.

Methods for setting thresholds were prioritised for detailed evaluation against the crite-
ria from TorA and scored. This resulted in a clear separation of favoured and less-fa-
voured methods. A key distinction between methods are methods that aim to identify an
ecologically motivated difference between a good and degraded state, vs. methods that
identify a different transition on the state-pressure relationship.

A preliminary worked example for estimating and evaluation of the quality and extent
threshold for the PD indicator, using some very preliminary threshold estimates, for the
North Sea and Baltic Sea is presented.

Datasets were identified to evaluate the specificity, sensitivity and/or responsiveness of
the different sampling-based indicator methods. These will be used to calculate most of
the currently available sampling-based indicators. The WK identified 14 benthic datasets
over gradients of commercial bottom trawling intensity (from relatively undisturbed to
adversely affected), and 3 gradients related to eutrophication/pollution. Output is eval-
uated in WKBENTH3.

The WK suggests that an evaluation of risk-based approaches can be realised through a
ranked sensitivity and impact score per MSFD habitat type and subdivision (or EEZ).
The ranking is helpful because it limits the need to standardize and/or calibrate outputs
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across approaches. The ranked score per habitat type will allow WKBENTH3 to examine
if the risk-based approaches find the same habitat types most sensitive to physical dis-
turbance and/or most at risk of adverse effects. A worked example of PD2 and L1 is pro-
vided.

. WKBENTH2 participants provided input into the selection of indicators for the compila-
tion of indicators.

. A template was developed for documenting the characteristics of each indicator to facil-
itate the evaluation of the indicators.

7.2 Next Steps

The WK decided to collate a standardized dataset to test the specificity, sensitivity and/or re-
sponsiveness of benthic indicators to pressure gradients. The collated dataset will be prepared
and sent to experts end of June 2022. Experts will have until 31st of August to estimate indicator
values. The outcomes will be quality checked by 20t of September and analysed at WKBENTH3.

Risk-based methods will be evaluated as maps and by scored sensitivity and impact score per
MSED habitat type and subdivision. Risk-based methods will be selected using ToR D and ex-
perts will be contacted by mid-July. Experts will have until 31%t of August to provide input data.
The outcomes will be quality checked by 20t of September and analysed at WKBENTHS3.

Ahead of WKBENTHS3, the workshop report will be reviewed through a peer-review process.
Additionally, TGSeabed and the upcoming chairs of WKBENTH3 may provide input in prepa-
ration to the next workshop.
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Annex 1: List of participants
Member Institute Email Country of
Institute
Abdeladim Ben- Unaffiliated abdeladim.cap@icloud.com Marocco
draoui
Aleksander National Marine Fisheries Re- olek@mir.gdynia.pl Poland
Drgas search Institute
Alessandra Ngu- Institute for Environmental Pro- alessandra.nguyenxuan@isprambi- Italy
yen Xuan tection and Research ente.it
Alexander Lower Saxony Water Manage- Alexander.Schroeder@nlwkn-ol.nie- Germany
Schroéder ment Coastal Defence and Na-  dersachsen.de
ture Conservation Agency
Alice Belin European Commission Direc- alice.belin@ec.europa.eu Belgium
torate-General for Environment
A4
Andrea Pierucci COISPA Tecnologia & Ricerca pierucci@coispa.eu Italy
Angella Santelli  Institute for Marine Biological angela.santelli@cnr.it Italy
Resources and Biotechnologies
Anna Downie Centre for Environment, Fisher- anna.downie@cefas.co.uk United
ies and Aquaculture Science Kingdom
Anna Luff GoBe Consultants Annaluff@gobeconsultants.com United
Kingdom
Antonia Nys- AquaBiota Water Research Antonia.Sandman@aquabiota.se Sweden
trom Sandman
Aurélien Boyé Ifremer Aurelien.Boye@ifremer.fr France
Axel Kreutle Federal Agency for Nature Con-  axel.kreutle@bfn.de Germany
servation
Bianca di Lo- Institute for Environmental Pro- bianca.dilorenzo@isprambiente.it Italy
renzo tection and Research
Bianca di Lo- Institute for Environmental Pro- bianca.dilorenzo@isprambiente.it Italy
renzo tection and Research
Chris Smith Hellenic Centre for Marine Re- csmith@hcmr.gr Greece
search
Cristina Herbon Joint Nature Conservation Com- Cristina.Herbon@jncc.gov.uk United

mittee

Kingdom
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Member Institute Email Country of
Institute

Daniel van DTU Aqua, National Institute of pdvd@aqua.dtu.dk Denmark

Denderen Aquatic Resources

David Reid Marine Institute david.reid@marine.ie Ireland

Despina Kyria- Flanders Marine Institute despina.kyriakoudi@vliz.be Belgium

koudi

Elisa Baldrighi Institute for Marine Biological elisa.baldrighi@irbim.cnr.it Italy
Resources and Biotechnologies

Elisa Punzo National Research Council elisa.punzo@cnr.it Italy

Ellen L. Kench-  Fisheries and Oceans Canada ellen.kenchington@dfo-mpo.gc.ca Canada

ington

Esther Beukhof DTU Aqua, National Institute of estb@dtu.dk Denmark
Aquatic Resources

Flemming Han-  DTU Aqua, National Institute of = ftho@aqua.dtu.dk Denmark
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Bona

Gert Van Hoey  The Flanders Research Institute ~ Gert.vanhoey@ilvo.vlaanderen.be Belgium
for Agriculture, Fisheries and
Food

Giacomo Mon-  Royal Belgian Institute of Natu- gmonterealegavazzi@natu- Italy

tereale Gavazzi  ral Sciences ralsciences.be

Giada Riva University of Padua giada.riva@studenti.unipd.it Italy

Grete Elisabeth  DTU Aqua, National Institute of gdi@aqua.dtu.dk Denmark

Dinesen Aguatic Resources

Hannah Schart- Thiinen-Institute of Baltic Sea hannah.schartmann@thuenen.de Germany

mann Fisheries

Hatice Onay Recep Tayyip Erdogan Univer- hatice.bal@erdogan.edu.tr Turkey
sity

James Bell Centre for Environment, Fisher- james.bell@cefas.co.uk United
ies and Aquaculture Science Kingdom

Jan Geert Hid- Bangor University School of j.hiddink@bangor.ac.uk United

dink Ocean Sciences Kingdom

José Manuel Centro Oceanografico de San- jmanuel.gonzalez@ieo.csic.es Spain

Gonzalez Irusta

tander
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Member Institute Email Country of
Institute
Karin van der DTU Aqua, National Institute of  kjova@aqua.dtu.dk Denmark
Reijden Aquatic Resources
Liam Matear JNCC Seabirds and Cetaceans Liam.Matear@jncc.gov.uk United
Kingdom
Lina Gutierrez Duke University lina.gutierrez94@gmail.com Colombia
Maider Plaza The Spanish Institute of Ocean- maider.plaza@ieo.csic.es Spain
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Marco Milardi Unaffiliated marco.milardi@gmail.com France
Marie-Julie Fisheries and Oceans Canada Marie-Julie.Roux@dfo-mpo.gc.ca Canada
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Marija Sciberras Heriot-Watt University M.Sciberras@hw.ac.uk United
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Marina Penna National Institute for Environ- marina.penna@isprambiente.it Italy
mental Protection and Research
- Branch Office Chioggia
Marina Pulcini Institute for Environmental Pro- marina.pulcini@isprambiente.it Italy
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Marta Mega Portuguese Institute for the Sea marta.rufino@ipma.pt Portugal
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Mats Blomqvist Hafok AB mb@hafok.se Sweden
Miquel Canals University of Barcelona miquelcanals@ub.edu Spain
Artigas
Murray Thomp- Centre for Environment, Fisher- murray.thompson@cefas.co.uk United
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Nadia Papado-  Hellenic Centre for Marine Re- nadiapap@hcmr.gr Greece
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Norbert Swedish Agency for Marine and  norbert.haubner@havochvatten.se  Sweden
Haubner Water Management
Owen Rowe Helsinki Commission (Baltic Ma- owen.Rowe@helcom.fi Finland
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Pascal Laffargue Ifremer Pascal.Laffargue@ifremer.fr France
Petra Schmitt BIOCONSULT Schuchardt & schmitt@bioconsult.de Germany
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Member Institute Email Country of
Institute
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Annex 2:

Resolutions

2022/WK/HAPISG The Workshop to scope assessment methods to set threshold and assess ad-
verse effects on seabed habitats (WKBENTH?2), chaired by Dave Reid (Ireland), Daniel van
Denderen (USA), and Jan Geert Hiddink (UK), will be established and will meet in Copenha-
gen, Denmark, 24-26 May and 8-10 June 2022 to:
a) Establish a set of criteria that can be used to evaluate suitability of regional indica-
tors/assessment methods to assess adverse effects on seabed habitats for MSFD pur-

poses

b) Review methods and criteria to set thresholds adverse effects on seabed habitats, and
suggest operational options that can be illustrated using worked examples

c) Suggest quantitative and qualitative ways to evaluate and compare suitability and per-
formance of indicators/assessment methods
d) Provide input to a draft compilation of regional indicators/assessment methods to set

threshold and assess adverse effects on seabed habitats

WKBENTH2 will report by the end of July 2022 for the attention of the Advisory Committee

Supporting information

Priority

High, in response to the stepwise process of delivering guidance on seafloor
integrity for the Marine Strategy Framework Directive (MSFD). The workshop
outputs will feed into ICES WGEBIT and the ongoing efforts to provide guidance o
assessment methods to set threshold and assess adverse effects on seabed habitats
the operational implementation of the MSFD.

Scientific justification

Term of Reference a)

ICES has previously produces criteria on what makes a good indicator, in general
(e.g- WGECO, Rice and Rochet 2005) and specifically for assesing the seafloor
habitats (WKBENTH 2017). Criteria should faciliate an evaluation on the suitability
and shortcomings of any proposed indicators for MSFD assessment purposes,
reflecting their performance to assess the parameters specified in Commission
Decision (EU) 2017/848 on condition of seabed habitats and the adverse effects of
key pressures. Criteria should take into account the indicators applicability across
MSED broad habitat types (or subtypes), their suitability for large sea areas (i.e., all
marine waters of MS, marine regions or subregions).

Term of Reference b)

Options for setting thresholds should take into accouns as far as possible recent
work by EU’s TG SeaBed on threshold values for adverse effects on habitat
condition (D6C5) and for the maximum allowable extent of habitat loss (D6C4) and
of adverse effects (D6C5) Ref. document GES_26-2022-13.

TOR b will suggest criteria on how to set thresholds and review potential methods
that can be used to identify values (or ranges of values) for the indicators which
would distinguish a habitat in good condition from the one which is adversely
affected or lost (in general or by specific pressures) to set thresholds. This should,
for example, reflect on whether there is a linear or non-linear response of the habite
to particular pressures.

Term of Reference c)

Suggest options on how to quantitative and qualitative evaluate and compare
suitability/performance of indicators/assessment methods. This may include
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identifying data sources (i.e. via TG Seabed), in order to evaluate the performance ¢
selected (reviewed) benthic risk and state indicators, in relation to their ability to
assess the state/condition of seabed habitats and adverse effects from specified
pressures. Proposed analytical ways to compare methods should ensure WKBENTH3
(Sept/Oct 2022) can evaluate suitability and shortcomings of both risk and state
indicators for MSFD assessment purposes at national and regional scales.
Quantitative and qualitative analytical approaches should suitable for application
using worked examples to demonstrate the suitable methods to set threshold and
assess adverse effects on seabed habitats.

Term of Reference d)

ICES appointed experts will compile as a technical service information on suitable
methods to set threshold and assess adverse effects on seabed habitat. TOR d gives
WKBENTH?2 the opportunity to provide input towards this compilation. The aim o
ICES work is to produce as advice a detailed review of indicators used, or under
development, by Regional Sea Conventions, Member States and ICES, for assessing
the state/condition of seabed habitats suitable for MSFD assessments. The indicato:
considered can also include peer-reviewed indicators which have large-scale
application. Provide a detailed review of indicators used, or under development, b
Regional Sea Conventions (RSCs), Member States and ICES, for assessing the
state/condition of seabed habitats and relevant existing literature. This should
include indicators based on both direct observational data and on models. Relevan
indicators to be reviewed include those of RSCs for quality status assessments, of
Member States for MSFD purposes such as under the Water Framework Directive
(WFD) and the Habitats Directive (HD), and those used by ICES. The review shoul
specify the input data, how it is processed, the parameters of habitat quality used,
how quality is quantified, any threshold values used, the applicable seabed (habita
and pressure types, how the output is expressed, and how confidence and
uncertainty are handled.

Resource requirements

ICES secretariat and advice process.

Participants

Workshop with researchers and RSCs investigators If requests to attend exceed the meeting
space available ICES reserves the right to refuse participants. Choices will be based on the

experts' relevant qualifications for the Workshop. Participants join the workshop at national
expense.

Secretariat facilities

Data Centre, Secretariat support and meeting room.

Financial

Covered by DGENV special request.

Linkages to advisory
committees

Direct link to ACOM.

Linkages to other
committees or groups

Links to HAPISG and SCICOM.

Linkages to other
organizations

Links to RSCs and EC.
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Annex 3: Presentation abstract

Northwest Atlantic Fisheries Organisation — Working Group on Ecosystem Science and As-
sessment: Assessing SAI upon VMEs in the NAFO regulatory area

Following the FAO guidelines for Deep-Sea Fisheries in Areas Beyond National Jurisdiction
(FAO, 209), the scientific committee of the Northwest Atlantic Fisheries Organisation (NAFO)
have undertaken to complete an assessment of ‘significant adverse impacts’ (SAI) upon vulner-
able marine ecosystems (VME) in its regulatory area, through its Working Group on Ecosystem
Science and Assessment (WG-ESA). A brief presentation of this work was given at the meeting,
and summarised here, specifically regarding recent efforts to establish reference points for SAI
(NAFO, in prep.).

A) VME observations and B) Response of VME to fishing
predicted extent impacts
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Figure 1 — SAl assessment workflow developed in WG-ESA.

The WG-ESA workflow to assess SAI (Fig. 1D) is spatially explicit and takes account of differ-
ences in sensitivity between different taxa, and relies on three distinct data streams (Fig. 1A-C):

A. Determination of the ‘significant extent” of selected VME indicator species (see Kench-
ington et al. 2014)

B. Estimation of taxa-specific responses to bottom trawl fishing intensity.

C. Analysis of vessel monitoring system records to determine the distribution of commer-
cial fishing activity. In this case, fishing intensities are estimated from VMS data col-
lected between 2010-19.

Determining the extent of SAI relies upon establishing a reference point at which SAI is consid-
ered to have occurred. The relationship between trawl fishing intensity and removal of VME
indicator taxa (Fig 1B) is determined from VME bycatch volumes caught during annual NAFO
scientific fishing surveys. Cumulative VME biomass is compared across a gradient of commer-
cial trawl fishing intensity, with the assumption that VME indicators are decreasingly likely to
be caught in survey hauls in cells with higher historic commercial fishing activity. The shape of
this response curve for each taxon, coupled with a given percentage value of biomass loss taken
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to be SAL is used to determine the fishing intensity equivalent of SAI, and completes the spatial
assessment (Fig. 1D).

Individually determining the biomass loss that meets the FAO criteria of SAI for individual in-
dicator species, e.g., through biomass distribution and larval dispersal modelling studies, would
be considerably time-consuming and likely very context-specific. In the absence of such detailed
information for all VME taxa, we examined the relationship between VME biomass loss and
trawl fishing intensity (Figure 1B), using the spatial distribution of both. Excepting bryozoans,
biomass loss rate demonstrated similar functional response curves, with rates of change typically
highest above 80 % and below 20-30 %, with a generally much shallower, or in some cases almost
zero, rate of change in between (Fig. 2).
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Figure 2 — Response curves (biomass loss for a given level of bottom trawl fishing intensity) of the seven VME taxa groups
considered.

In practice, this means that for these VME taxa, any level of fishing intensity is expected to remove
around 20 % of biomass. Beyond that, low fishing intensities (generally in the range of 0.1 — 1.0
km km? yr?) steadily removes the majority of the remaining biomass (Fig. 2). For these species,
the majority of impacts occurr at low levels of fishing, areas that are actively fished less than once
or twice a year, so potentially represent large areas where impacts are occurring, but that are of
minimal importance to the industry.

The currently proposed reference points for SAI in NAFO are in the range of 20 — 35 % VME
biomass remaining, based on the position of the second inflection point along the response
curves (Fig. 2). It remains unclear however that these reference points are adequate to satisfy all
of the SAI criteria set by FAO (2009), particularly for criteria that are more challenging to deter-
mine empiracally, such as the extent to which a given pressure alters or degrades ecosystem
function.

Citations:

FAOQ, 2009. International Guidelines for the Management of Deep-sea Fisheries in the High Seas. 90 pp.
Available online at https://www.fao.org/documents/card/en/c/b02fc35e-a0c4-545a-86fb-4fc340e13b52

Kenchington E, Murillo F ], Lirette C, Sacau M, Koen-Alonso M, Kenny A, Ollerhead N, Wareham V,
Beazley L. 2014. Kernel Density surface modelling as a means to identify significant concentrations of
Vulnerable Marine Ecosystem indicators. PLoS ONE 9(10): e109365. doi:10.1371/journal.pone.0109365
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Kenny, A., Bell, J. B, Blasdale, T., Downie, A. et al. in prep. Grading on a curve: Determining Significant
Adverse Impacts reference points for Vulnerable Marine Ecosystem indicator species in the northwest
Atlantic

NAFO, in prep. Report of the 2021 meeting of the NAFO Working Group for Ecosystem Science and As-
sessment, November 2021. To be published online at https://www.nafo.int/Meetings/Past-Meet-

ings/2021
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Annex 4. Report from the Review Group to
scope assessment methods to set
thresholds and assess adverse effects
on seabed habitats (RGBENTH2)

Participants: Sophie Mormede, Steven Degraer, Simon Jennings (chair)
Meeting: By correspondence July-September 2022
Request: Review group participants were asked to review two reports:

1. ICES Workshop on assessment methods to set thresholds and assess adverse effects on seabed habitats
(WKBENTH2)

2. Technical service to produce a compilation of assessment methods and indicators that can be used to
assess seabed habitats under D6/D1 for the MSFD.

And to assess whether,
a) The analyses were technically correct.
b) The scope and depth of the science were appropriate for the request.

¢) The analyses contained the knowledge to answer the request for advice.

Background

ICES advised that the RGBENTH2 review of WKBENTH2 would be provided to WKBENTHS3 as
well as to the subsequent Advice Drafting Group. WKBENTH3 will have the task of evaluating
proposed assessment methods and evaluating thresholds for assessing adverse effects on seabed
habitats, using agreed upon criteria, methods, and analyses of their performance. Outcomes of
WKBENTHS3 will also contribute to the advice to DGENV.

Note on process

This report combines comments from the three reviewers: Sophie Mormede, Steven Degraer and
Simon Jennings. The reviewers had different backgrounds and expertise and each reviewer con-
ducted an individual review of the documents before meeting with other reviewers to agree re-
sponses and the structure of the combined report. Although the reviewers’ comments focused
on different aspects of the reports, the compiled comments were discussed and agreed collec-
tively.

Two tables are used to summarise the reviewers’ responses to questions ‘a’ to ‘c’ in the request,
and these are followed by a section-by-section review of the WKBENTH2 report. An opening
summary highlights the key messages from the review.

One reviewer also annotated the original WKBENTH2 report with smaller comments. The anno-
tated report is available from ICES Secretariat.
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Summary

Both the ICES Workshop on assessment methods to set thresholds and assess adverse effects on
seabed habitats (WKBENTH?2) and the ICES Technical Services team adopted a technically ap-
propriate approach to fulfil their Terms of Reference and to provide inputs to WKBENTH3 and
the ADG. The scale of their task was large given the amount of work on benthic indicators now
being linked to the MSFD D6 (and noting that much of this work was not initiated for this pur-
pose) and the range of interpretations of MSFD D6 processes that exist both nationally and in-
ternationally.

We note the substantial progress made with respect to seafloor integrity indicator and threshold
evaluation. WKBENTH2 (feeding into WKBENTHS3) is another milestone in the long history of
development, evaluation, and selection of seafloor integrity indicators and thresholds. We en-
courage WKBENTHS3 to focus on the steps needed to screen and condense available information
and process and to draw strong and tractable conclusions that will underpin advice.

The scope and depth of the scientific treatment of the WKBENTH2 Terms of Reference and re-
quirements for the Technical Service are largely appropriate. They do provide a common evalu-
ation framework as requested. The main omission is that the focus on the requirements of Com-
mission Decision (EU) 2017/848 is not strongly developed in the WKBENTH2 report and in the
evaluation of indicators and thresholds. A stronger focus on 2017/848 would likely help ICES to
provide clearer and more actionable information and advice on the value of proposed indicators
and thresholds.

The work completed to date by WKBENTH?2 and ICES Technical Services will go a long way
towards guiding the expected tasks of WKBENTH3 and addressing the request for advice, alt-
hough amendments to the summary tables developed by WKBENTH2 and used in the Technical
Service task are recommended. Specifics are detailed in Table 1 and Table 2 and the body of this
review. Parts of the WKBENTH2 report conflate indicators, methods and sometimes thresholds.
Going forward, we suggest these should be explicitly split, defined, and criteria applied to each.
An appropriate ‘taxonomy’ may be: 1- candidate indicator, 2- methodology to calculate the indi-
cator, 3- application of the methodology, and 4- thresholds. There are also some inconsistencies
and redundancies in the report, perhaps reflecting the drafting of sections by different sub-
groups. Specific examples are provided in the body of this review.

If an indicator and threshold can be defined, then many different methods may be used to assess
the value of the indicator in relation to the threshold. Fisheries science provides a classic aquatic
example, where one indicator that is broadly accepted internationally is biomass and thresholds
are often set as a proportion of unimpacted (modelled) biomass. However, a very wide range of
methods and models are developed, tested, and used to acquire data, and ultimately estimate
the biomass. It would likely be easier for developers if a small suite of indicator(s) and thresholds
was defined and the science was more strongly focused on the methods to estimate values and
associated uncertainty for these indicators.

The reviewers were concerned about the large differences in scoring that were observed, and
this implies that further work is needed to reduce ambiguity in the criteria and/ or to advance
common understanding of the scoring process.

It is suggested to go beyond the weighting and scoring criteria presented to identify criteria that
are essential for an indicator or threshold to meet the requirements of Commission Decision (EU)
2017/848 and the MSED. If indicators or thresholds do not/ will not meet these criteria (now, or
on some specified future time frame to be proposed/ decided by the group) then it is logical that
they are not emphasised as potentially appropriate in the advice (at this time), even if they score
highly on some criteria. If a proportion of the numerous indicators and thresholds are identified
as inappropriate for use at this stage, this will ultimately contribute to stronger and more concise
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advice on (a) the suitability and shortcomings of both risk and state indicators for MSFD assess-
ment purposes, and (b) on threshold values, at national and regional scales. More widely, with
indicators and thresholds being both numerous and at varying stages of development, progress
with any performance evaluation, intercomparison or intercalibration exercise would have to be
very protracted, or simplified to the point of being uninformative, to accommodate all suggested
indicators and thresholds irrespective of whether they meet essential criteria for the MSFD.

We appreciate, of course, that many groups developing or using specific indicators will strongly
champion them, and that this can complicate selection exercises. For the purposes of moving the
exercise forward a few indicators may be classified as mature (unconditional pass) and thus car-
ried forward in the current advice and others, rather than being entirely dropped from the pro-
cess, may be highlighted as ‘conditional” passes with the necessary conditions for further devel-
opment being clearly specified (tabulated). The conditional passes are the indicators that would
then be flagged as inappropriate for use in the context of the MSFD at this time.

Two main types of indicators are listed in the Technical Services document: empirically-based
methods and model-based methods, the former making the bulk of the indicators. Commission
Decision 2017/848 states that 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. This leads to a requirement to understand the rate of recovery, which clearly favours mod-
elling options, as does the scale at which the assessment has to be applied compared to data
availability.

Model-based methods can integrate spatial and temporal processes of impact and recovery and
be calculated at the population or community scale. Caveats may include that they can become
very complex, need to be well reviewed, tested, reproducible, and that initial state needs to be
defined. Indicators BH3 and PD could be tested against each other, including in relation to re-
covery time, and with varying assumptions, data quality etc. BH4 and Cumul seem to need less
data, and could potentially be used more widely, and could be correlated with more complex
methods such as BH3 and PD. The uncertainty surrounding the simpler methods might be no
more important than the combined effects of the assumptions in the more complex methods.

Many empirically-based methods (e.g. BISI, HELCOM etc) directly measure the current state, or
the current pressure, and then compare with threshold values. There is merit in having direct
measures of state and of pressure, particularly if they are to be monitored consistently over time
in the same area. The risks of using such indicators include applying thresholds from other areas
which might not be suitable, scale of sampling and monitoring etc. Further, we would caution
against ensemble methods (such as NEAT) when there are very few well tested models to include
in the ensemble. For example, if one result is correct and the other is not, the average will always
be wrong,.

The groups are encouraged to undertake a detailed review of 2017/848, especially the D6 annex,
to discuss and determine the extent to which all requirements of this Decision lead to other rele-
vant criteria for the selection of indicators and thresholds, and thus determine the appropriate-
ness of these indicators and thresholds to support MSFED.

Much research effort has been focused on the impacts of active bottom fisheries on seafloor in-
tegrity. Many seafloor integrity indicators hence relate to the impact of bottom fisheries, which
is visible in the WKBENTH2 report. The remit of WKBENTH2 however was to assess indicators
for seafloor integrity. The WKBENTH2 resolution mentions "adverse effects on seabed habitats"
and "condition of seabed habitats and the adverse effects of key pressures". There is no specific
mentioning of bottom fisheries in the resolution. The report occasionally reads as if fishing pres-
sure was the main topic. While we recognise the emphasis in Commission Decision 2007/848 that
Member States “focus their efforts on the main anthropogenic pressures affecting their waters”
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and should “have sufficient flexibility, under specified conditions, to focus on the predominant
pressures and their environmental impacts on the different ecosystem elements in each region
or subregion....” some subtle reconsideration of the text may provide some more balance. For
example, on lines 423-423 “...to impacts from bottom contacting fishing gears” is likely obsolete
because the subcriteria do not refer to fishing pressure; Table 3.1.1, Criterion 5 “This should in-
clude if the indicator is capable of including different gears with different impacts on habitats or
species, if this is relevant for the indicator and its application” gives a (presumably unintended)
focus solely on fishing pressure; and in the case of lines 1174-1175 “The resulting dataset con-
sisted mostly of shrimps and lobster, with a few mollusc stocks” the term “stock” typically refers
to the population size of commercial species, while GES should not be restricted/related to com-
mercial species. Better to use the term "population size". This would contribute to the general
appreciation of the report as going beyond fisheries-related aspects of GES.

A final point relates to the role of ICES science in identifying both indicators and thresholds. A
complexity of this process, and one that will be challenging for WKBENTHS3, the ADG and ICES
in general, is the absence of a stronger steer on thresholds and appropriate precaution from pol-
icy and policy-stakeholder dialogue. A science group would usually consider the consequences
of setting different thresholds or adopting different levels of precaution, rather than advise on
what the specific thresholds or the level of precaution should be. There is not much policy steer
to help the group, but the little that has been agreed and published (primarily in Commission
Decision 2017/848) should be directly addressed as a priority, especially the specific statement
that 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.

Tabulated review

Two tables with identical rows and columns were used to assess the contributions of
WKBENTH2 and the ICES Technical Service to the DGENV advisory request. These are pre-
sented independently because one is focused primarily on interpretation of the Commission De-
cision 2017/848 and because the reviewers were familiar with different groups of indicators.

Table 1. Review 1 of contributions of WKBENTH2 and the ICES Technical Service to the DGENV advisory request.

c) Does the analy-
sis contain the
knowledge to an-
swer the request
for advice?

a) Is the analysis technically cor- b) Are the scope and depth of
rect? the science appropriate for the
request?

Review question

Advice request

(i) A detailed review of
indicators used, or under
development, by Re-
gional Sea Conventions,
Member States and ICES,
for assessing the
state/condition of sea-
bed habitats suitable for
MSFD assessments. The
indicators considered can
also include peer-re-
viewed indicators which
have large-scale applica-
tion.

A detailed review is provided as
a technical service, based on a
template developed by
WKBENTH?2. The specifics of the
review are dependent on special-
ists with knowledge of the indi-
vidual indicators, although we do
not find errors in assessments
for the small number of indica-
tors with which we are familiar.
The analysis in relation to the
properties/ criteria considered is
technically thorough.

The process in general has been
thorough, and information re-
quested/ collected on the tem-
plates is relatively complete. We
suggest the final review that goes
into the advice should include
additional criteria that link the
properties of indicators explicitly
to Commission Decision (EU)
2017/848 as well as to the ge-
neric properties of good indica-
tors.

In part. The detail
could be enhanced
and more useful to
the recipients if it
included detail of
links to Commis-
sion Decision (EU)
2017/848.
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Review question

Advice request

a) Is the analysis technically cor-
rect?

b) Are the scope and depth of
the science appropriate for the
request?

c) Does the analy-
sis contain the
knowledge to an-
swer the request
for advice?

(i) Advise, using a set of
agreed criteria, on a
common framework to
evaluate methods to as-
sess benthic risk (model)
and state (data) indica-
tors, with respective
threshold values.

The basis of the frameworks pro-
posed is technically reasonable,
except for the weighting and
scoring processes where we sug-
gest that indicators not meeting
‘critical’ criteria should be identi-
fied as unsuitable for MSFD sup-
port even if they score highly on
other criteria. ‘Critical’ criteria
will need to be identified. Note
the suggestion that this may be
handled by assigning an ‘uncon-
ditional’ and ‘conditional’ pass
with additional (future) require-
ments clearly highlighted in the
case of ‘conditional’ passes.

Appropriate (but incomplete)
frameworks for evaluation were
developed by WKBENTH2. Asin
(i)b we suggest the scientific
evaluation should include an as-
sessment of the properties of in-
dicators and thresholds in rela-
tion to specific policy require-
ments. The treatment of uncer-
tainty should be addressed be-
yond ‘methodology’ and ‘output’
(eg present confidence interval).
This may require clarification
from the requesters of the advice
(and we note it does not appear
in the ToR for the WKBENTH2)
but 2017/848 states [threshold
values should] “be set on the ba-
sis of the precautionary principle,
reflecting the potential risks to
the marine environment” so we
interpret that uncertainty should
also be assessed in this context
when evaluating indicators and
thresholds. In practice, this may
mean a criterion that assesses
whether the approaches adopted
by the indicator developers ena-
ble an assessment that any given
(calculated/ recorded) value of
the indicator is consistent with
avoiding a defined threshold (e.g.
for loss as defined in 2017/848 in
the extreme case) with a high
probability.

Note comments in the summary
of this RGBENTH2 report on the
distinction between indicators
and methods.

“Yes” in general
terms, but im-
provements to the
criteria as de-
scribed in ii(a) and
ii(b) would improve
the rigour of evalu-
ation.

(iii) A targeted benthic
data call (via TG Seabed),
in order for ICES to evalu-
ate the performance of
selected (reviewed) ben-
thic risk and state indica-
tors, in relation to their
ability to assess the
state/condition of sea-
bed habitats and adverse

Since this relates to a request via
TG seabed it was not clear if the
identification of benthic datasets
in Section 5.1.2 of RGBENTH2
was relevant. The datasets iden-
tified in WKBENTH2 for use in
WKBENTH3 would be suitable for
assessing the effects of trawling
disturbance.

See (iii)a.

See (iii)a.
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Review question

Advice request

a) Is the analysis technically cor-
rect?

b) Are the scope and depth of
the science appropriate for the
request?

c) Does the analy-
sis contain the
knowledge to an-
swer the request
for advice?

effects from specified
pressures.

(iv) Advice on threshold
values to assess the qual-
ity of seabed habitats.

The basis for this advice is availa-
ble in the WKBENTH2 report.
There is much general text on
thresholds, and this provides a
technically appropriate review of
the general topic, but the devel-
opment of the specific links to
MSFD could be more focused,
especially in the section where
workshop participants focus on
the suitability of the approaches
covered in the review. At least
one threshold is defined in Com-
mission Decision (EU) 2017/848
(as mentioned on line 850 of the
WKBENTH2 report). This im-
portant point is not further de-
veloped, but our interpretation is
that this already defines a
threshold for loss (“Physical loss
shall be understood as a perma-
nent change to the seabed which
has lasted or is expected to last
for a period of two reporting cy-
cles (12 years) or more”) and the
technical science question is
whether recovery time can be
determined for any proposed in-
dicator given the defined thresh-
old (ie. Does the scientific basis
of this indicator provide for esti-
mation of recovery time in years
from the present state and
therefore a determination of
whether “loss” has occurred, as
defined in 2017/848). If the sci-
ence basis of an indicator does
not allow this, then can it logi-
cally meet the needs of MSFD re-
porting at all?

Note also the relevance of the
2017/848 text on precaution ap-
pears to apply “Threshold values
should also be set on the basis of
the precautionary principle, re-
flecting the potential risks to the
marine environment”.

Please note com-
ments on precau-
tion, uncertainty,
and thresholds in
(ii)b.

Much of the material needed to
provide advice is available in the
WKBENTH2 report, but it needs
to be significantly filtered to
draw out material relevant to the
MSFD and request. Note the
guidance in the DGENV request
to “Advise on values (or ranges
of values) for the indicators
which would distinguish a habitat
in good condition from the one
which is adversely affected or
lost (in general or by specific
pressures)”. This also helps to
guide the focus of the text. There
is also a reference to the signifi-
cance of loss to thresholds in the
background to ToR ‘b’ for
WKBENTH2.
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Review question

Advice request

a) Is the analysis technically cor-
rect?

b) Are the scope and depth of
the science appropriate for the
request?

c) Does the analy-
sis contain the
knowledge to an-
swer the request
for advice?

(v) Advice on the suitabil-
ity and shortcomings of
both risk and state indi-
cators for MSFD assess-
ment purposes at na-
tional and regional
scales.

The work that has been reported
is technically appropriate to the
extent we can judge, but is not
sufficiently complete (in terms of
criteria used and criticality of re-
view) to make the full assess-
ment as requested under (v)

Knowledge base could be
strengthened, especially by as-
sessing the evidence base related
to the relationship between pro-
posed indicators and thresholds
and Commission Decision
2017/848.

“Yes” in general
terms, but im-
provements to the
criteria as de-
scribed in ii(a) and
ii(b) would improve
the rigour of evalu-

ation. Also applies
to (ii).

Table 2. Review 2 of contributions of WKBENTH2 and the ICES Technical Service to the DGENV advisory request.

Review question

Advice request

a) Is the analysis technically cor-
rect?

b) Are the scope and depth
of the science appropriate
for the request?

c) Does the analysis contain
the knowledge to answer
the request for advice?

TOR A: Establish a
set of criteria that
can be used to
evaluate the suita-
bility of regional in-
dicators/assess-
ment methods to
assess adverse ef-
fects on seabed
habitats for MSFD
purposes

Yes —small comments.

A precautionary margin should
not be in the indicator, although
the indicator should capture un-
certainty. The precautionary mar-
gin should be explicit and in-
cluded in the threshold only (or it
could be double counted).

Need to consider uncertainty in
both indicators and thresholds.

Suggest not to duplicate criteria
in indicators and thresholds (e.g.
spatial extent and analytical vs ex-
pert).

All core criteria (for both indica-
tors and thresholds) should have
a fail if any essential criterion
scores 0 but criterion 12 probably
should not. A fail may be condi-
tional (e.g. could be fixed with fu-
ture work), with emphasis in the

Yes — minor comment.

The process may be biased
against new methodologies,
whereas they should be en-
couraged (but shown to be
better or complimentary to
existing methodologies prior
to adoption).

Partly.

This analysis looked at indi-
cators rather than assess-
ment methods. The same
indicators can be calculated
using different methods or
models. The split is not clear
or explicit.

Assessment methods re-
quire criteria too, such as
peer review, agreed as-
sumptions, tested sensitivi-
ties to assumptions, replica-
ble, documented etc. Some
of these are captured in the
table of indicators.
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Review question

Advice request

a) Is the analysis technically cor-
rect?

b) Are the scope and depth
of the science appropriate
for the request?

c) Does the analysis contain
the knowledge to answer
the request for advice?

future ICES advice on the ‘uncon-
ditional’ passes?

TOR B: Review
methods and crite-
ria to set thresh-
olds of adverse ef-
fects on seabed
habitats, and sug-
gest operational
options that can be
illustrated using
worked examples

Some issues.

‘Natural variation” assumes that
there is enough comparable un-
touched habitat that has been
surveyed to come up with values.
It also assumes transferability be-
tween habitats (Yates et al. 2018),
and also that the variability that
arises from this assumption will
somehow be smaller than the
variability of a depleted state. It
would have been useful to see
the worked example used to cal-
culate the values for impacted ar-
eas.

There seems to be confusion in
the worked example between ex-
tent and quality. We interpret the
Worms analysis as treating 40%B0
as the lower limit (which is a
maintain population size argu-
ment), not that a minimum of
40% of the population has to be
above 80%B0.

We suggest the two most promis-
ing thresholds relate to ecosys-
tem state (at or above a specified
threshold such as 40% By ) and re-
covery time (which is specified in
the Commission Decision
2017/848 anyway). . The lack of
knowledge of stock-recruit rela-
tionship should not be a hin-
drance but used as sensitivity. If
the thresholds are 40% of BO, or
above for example, this value will
have near no influence.

Some issues.

There is some discussion
about the importance of con-
nectivity and the indicators
and thresholds should proba-
bly be calculated at the meta-
population scale. Yet there is
no discussion on the scale at
which the analysis is to be
carried out, and it is applied
at the grid size in the worked
example.

Some thresholds will only be
available for specific indica-
tors. For example, population
thresholds will only work for
those indicators related to
the populations while ‘natural
variation’ (or some other
level) will work for a wider
range of indicators (e.g. in-
cluding species richness).

Unsure.

There are no operational
options proposed, particu-
larly with regards to the
scale at which to calculate
and to apply these thresh-
olds.

One of the worked exam-
ples uses the Pitcher
method. This highlights
again the need to investi-
gate the assessment models
as well as the indicators and
thresholds. There are many
assumptions within this
method (including no stock
recruit relationship and the
level of vulnerability of ben-
thic animals).

TOR C: Suggest
quantitative and
qualitative ways to
evaluate and com-
pare the suitability
and performance

Difficult to tell.

This is mostly a meta-analysis
with little information so it is hard

Probably not.

This section provides exam-
ples of indicators and differ-
ent values at different pres-
sures. But it does not apply

See other boxes.

There does not seem to be
clear guidance coming out
of this section.
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Review question

Advice request

a) Is the analysis technically cor-
rect?

b) Are the scope and depth
of the science appropriate
for the request?

c) Does the analysis contain
the knowledge to answer
the request for advice?

of indicators/as-
sessment methods

to tell if the comparison is like for
like.

The risk-based impact score is
summarised over MFSD habitat,
with no explanation if this is an
average or other metric. It might
be more transparent to report
the proportion of each habitat
which qualifies for each level of
impact.

It is also unclear which “extent”
rule and “quality” rule have been
applied.

the process of applying

thresholds such as 95%ile of
‘natural variation’ and test if
the 0.8 rule holds. For those
examples the entire process

should have been carried out:

scoring the indicators, apply-

ing the thresholds and scoring

the thresholds.

None of the examples looked
at the 12-year recovery pe-
riod in Commission Decision
2017/848.

TOR D: Provide in-
put to a draft com-
pilation of regional
indicators/assess-
ment methods to
set threshold and
assess adverse ef-
fects on seabed
habitats

The authors commented how
people familiar with specific
methods are required to be able
to score them. The same applies
to the content of those tables.

This exercise is a balance be-
tween too much detail and
not enough information.
These summaries seem ade-
guate to provide an idea of
what is available. It would be
worth cross checking that all
criteria are covered in the ta-
bles (e.g. to capture the likeli-
hood of future data availabil-
ity).

Major assumptions would be
an informative extra cate-

gory.

It appears that only indica-
tors used in Europe were
considered. Other work
could have been considered
such as what is done in
SPRFMO for example, limit-
ing to well-developed meth-
ods.

It is good to see spatial res-
olution and uncertainty cov-
ered as they are in this ta-
ble. Consideration of these
issues may be developed
and added to the criteria for
assessing indicators.

Section reviews of WKBENTH2 report

Section 2.

Some of the information in Section 2 does not seem to link to the ToR and request. This distracts
the reader from the core purpose, business, and conclusions of WKBENTH2 and we suggest this
information may be removed from the report or included as Annexes.

Lines 144-152: It is unclear why the report elaborates on the challenges related to the identifica-
tion of biogeographically relevant subdivisions, which is not part of the request. The valid advice
for regional coordination to sort this out goes beyond the remits of WKBENTH?2.
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Lines 205- “Lessons learnt from the Water Framework Directive intercalibration”, the relevance
of this elaborate section is unclear. We suggest to either clarify its relevance (relative to the remits
of WKBENTH2) at the start of the section or to consider moving the section to an Annex.

Section 3.

Previous WGECO and WGBIODIV work largely focused on generic properties of indicators, so
to address the ToR it was necessary for WKBENTH2 to extend their approaches and to develop
a criteria list suited to the specific requirements of the MSFD. The cross checking conducted by
WKBENTH?2 is a reassuring process in the context of completeness of the work. WKBENTH?2
could have gone further in developing the specificity of the criteria to MSFED, especially in rela-
tion to the context provided by Commission Decision (EU) 2017/848 and what has already stated
in the same Decision about appropriate scales of reporting (existing definition of units).

For criterion 2 in Table 3.1.1. there is emphasis on a monitoring time series to establish baselines
and reference levels. Our reading of 2017/848 is that this would not be an essential prerequisite.
While Article 4, 1h does state “be based on long time-series data, where available, to help deter-
mine the most appropriate value” this is not necessarily consistent with the preamble “marine
ecosystems may recover, if deteriorated, to a state that reflects prevailing physiographic, geo-
graphic, climatic and biological conditions, rather than return to a specific state of the past.” The
latter implies model-based estimates of (current) baseline state may be required, unless there are
comparator areas with comparable “prevailing physiographic, geographic, climatic and biolog-
ical conditions” and where pressures are low enough to provide confidence that the state can be
treated as ‘baseline’.

For threshold values it was not clear why Article 4 of Commission Decision 2017/848 was not
addressed directly as part of the WKBENTH2 work, especially in the cases where values will be
established through Union, regional or subregional cooperation. There is some correspondence
between 2017/848 and Table 3.2.1., and it is appropriate to identify additional criteria for evalu-
ating thresholds (such as those previously considered by WGECO), but it would clarify the de-
velopment of subsequent advice to work with those criteria mentioned in 2017/848 directly (and
provide an operational interpretation of them).

For indicators, Commission Decision 2017/848 also suggests the need for a criterion to assess
whether an indicator is responsive to a (known) main pressure (in the region where it is used),
consistent with “As a result, the number of criteria that Member States need to monitor and as-
sess should be reduced, applying a risk-based approach to those which are retained in order to
allow Member States to focus their efforts on the main anthropogenic pressures affecting their
waters” and “Member States should have sufficient flexibility, under specified conditions, to fo-
cus on the predominant pressures and their environmental impacts on the different ecosystem
elements in each region or subregion in order to monitor and assess their marine waters in an
efficient and effective manner and to facilitate prioritisation of actions to be taken to achieve good
environmental status.”

Overall, and for the purposes of this request, it is suggested to also have a set of criteria for
indicators and thresholds that are clearly linked to the requirements of 2017/848. For transpar-
ency it is likely best to list these explicitly (rather than melding them into more general criteria
from WGECO and elsewhere).

There are three specifics we would highlight in 2017/848 that would also be usefully considered
and treated as criteria.

First, in the Annex for D6, it is stated that “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.” It follows that a valuable, and likely essential, property of an indicator is
that it can be used to establish ‘permanent’ change, either through ongoing monitoring (“has
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lasted” ie shown to be below threshold for 12 years) or duration of recovery (“is expected to last”
ie a quantitative prediction of recovery rate, ideally addressing uncertainty, shows the indicator
will not meet the threshold after 12 years). Understanding of recovery is also emphasised in
“Physical disturbance shall be understood as a change to the seabed from which it can recover if
the activity causing the disturbance pressure ceases”.

Second, area criteria for the threshold are highlighted in WKTRADE2, but is it necessary to con-
sider these for the indicator too? It is clear from 2017/848 that indicators need to enable reporting
of areas lost/ disturbed/ affected in units of km?, so spatial coverage and resolution of application
are both relevant (eg. to what extent can sampling be extrapolated to appropriate scales, what is
the resolution of modelling).

Third, the treatment of uncertainty should be more explicit. 2017/848 states [threshold values
should] “be set on the basis of the precautionary principle, reflecting the potential risks to the
marine environment” so we interpret that uncertainty should also be assessed in this context
when evaluating indicators and thresholds. In practice, this may mean a criterion that assesses
whether the approaches adopted by the indicator developers enable an assessment that any
given (calculated/ recorded) value of the indicator is consistent with avoiding a defined thresh-
old (e.g. for loss as defined in 2017/848 in the extreme case) with a high probability. General
provision of a confidence interval for the indicator may not enable this, depending on what the
confidence interval represents. Note to avoid the risk of double counting by having precaution
in the estimate of the indicator values as well as being addressed in the threshold. It would be
most transparent to associate the precaution with the threshold (to define the required probabil-
ity of avoiding an unwanted state) rather than the indicator. This would also be consistent with
the recognition that some precaution is expected as defined in 2017/848 Article 4 Para 1(e)
[thresholds shall] “(e) be set on the basis of the precautionary principle, reflecting the potential
risks to the marine environment.”

Having considered the need for more criteria in WKBENTHS3, our next suggestion is to consider
whether scoring and weighting alone will be sufficient to address the request for advice (the
request relating to the suitability and shortcomings of indicators and not to the general review
of indicators used). In the case of some criteria, and especially those linked to 2017/848, a pass/
fail approach would usefully be introduced for some criteria (perhaps attached to a timescale to
reflect when a ‘fail’ may be converted to a “pass’ in the longer term eg. following further R&D).
With this approach, and if an indicator or threshold fails on one of the key criteria, it would not
be carried forward regardless of scores on other criteria. We have provided comments in the
earlier parts of this report on how this may be handled as “unconditional’” and ‘conditional” pass
if necessary, where the ‘conditions’ to be addressed would be clearly listed.

Lines 406-408 “Threshold evaluation was addressed by WGECO in 2013 (ICES 2013b), and a
second table, adapted from the indicator table (ICES 2012) was produced. These were not given
any weightings at the time, and these were developed at this workshop”. It is unclear what ex-
actly has been done during WKBENTH2 and how this has been done, relative to what was al-
ready available.

Lines 421-422 “Each criterion was evaluated against the WGECO/WGBIODIV table (ICES
2013a)”. It would clarify to add the conclusion from this comparison. Some bullets read as mere
cross-check; other bullets read as an evaluation of the suitability of the criteria (for further uptake
in the analysis).

Lines 496-503. Somewhat unclear and most likely incomplete statement. Suggestion to delete
because of its low relevance to the exercise.

Lines 591-597. It is difficult to fully understand what has been done here, e.g. where does table
3.2.2 come from and what process was used link 3.2.2 "approaches" to 3.2.1 "evaluation criteria".
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Weassume this will be less of an issue for the WKBENTH?2 participants that will also contribute
to WKBENTHS3, but it may need some further explanation particularly for potentially new par-
ticipants. Reference to Section 4.3 could be made because this is where the missing piece of the
puzzle isfound.

Line 592 “This was based on work carried out at WGECO in 2013 (ICES 2013b)”: Has there been
any adaptation to what was reported by WGECO (2013)? If yes, it would be good to have that
elaborated in the report (cf. to provide maximum clarity).

Lines 529-531 “WKBENTHI1 considered it desirable for an indicator to integrate multiple pres-
sures, while WGECO/WGBIODIV felt that “specificity” was the critical factor. Both positions
have merit,...”. We agree with this point of view. It is suggested to cross-check this decision with
the MSFD expectations, where “specificity” may be an explicit requirement.

Table 3.1.1, Criterion 8: If the answer to 6a is “B”, then (most likely?) criterion 8 should be scored
<1. The scoring of criterion 8 seems to contradict the flexibility inherently adopted by criterion
6a.

Table 3.1.1, Criterion 9 “the indicator is easy to understand and communicate”: While (the con-
cept of) the indicator needs to be easy to understand and communicate, this does not necessarily
hold true for the algorithm (or method). Given the somewhat interchangeable use of “indicator”
and “method” throughout the document, this may need to be elaborated in the table.

Lines 573-580 “...For this reason, the report only included the evaluation where experts in the
indicators AND the criteria were included” : The need for an expert in the evaluation criteria to
be applied seems to be problematic. This issue could potentially (partly) be solved by further
elaborating the text explaining each of the criteria, so they become unambiguous to non-experts
as well.

Table 3.2.1: Would there be any value in normalizing the scoring for each of the categories; this
to equalize the different aspects of a good indicator (rather than to put more emphasis on those
aspects for which more criteria have been defined)?

Section 4

The range of options for setting thresholds and their pros and cons are well covered. As the text
states at line 848 one threshold, notably loss, has already been defined as a policy decision and
states what is effectively a limit reference point. It would be extremely helpful to develop this
further in the context of the WKBENTHS3 activity and the drafting of advice.

Key questions related to threshold setting are whether the point at which recovery time will
exceed 12 years (and therefore the point at which habitat is defined as ‘lost’) can be determined
with an indicator (and associated methods) selected and how precaution is introduced (includ-
ing "how much precaution’)? Some precaution is expected as defined in 2017/848 Article 4 Para
1(e) [thresholds shall] “(e) be set on the basis of the precautionary principle, reflecting the poten-
tial risks to the marine environment.” Other thresholds may be needed, but one for loss and one
for loss plus precaution would seem to be a minimum set already defined by the MSFD for DC61.

If the seabed is not in the unimpacted state, and recovery time is less than 12 years, then the
seabed will be classified as disturbed (DC62): “Physical disturbance shall be understood as a
change to the seabed from which it can recover if the activity causing the disturbance pressure
ceases”.

There is still a question ‘recovery time to what’ that does not appear to be explicitly addressed
in MSFD or 2017/848 and would be needed to set the threshold, though expected options are
assumed to be close to the unimpacted state given this is necessarily the seabed that would not
be classified as ‘disturbed’ or ‘lost’.
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We suggest the above line of reasoning is much more prominent in the next steps of this work.
Such an approach may also help with intercomparison, collation, MSFD reporting and so on,
because different indicators may be used regionally to determine locations of habitat loss and
disturbance based on the same threshold for recovery time plus a defined uncertainty buffer.

If a threshold for loss plus precaution were identified (e.g. threshold indicator value associated
with 95% probability that recovery time does not exceed 12 years), an important question in re-
lation to the thresholds being discussed in Section 4 is whether the resulting value of the thresh-
old would also be close to a target associated with other ‘desirable’ properties of the seabed (such
as given in the example sections covering the extent of natural variation). If this were the case
and shown with evidence, then less resources may need to be invested in proposing options for
more complex targets and managing the complex debate about what they should be. Although
WKBENTH?2 give some emphasis to the extent of natural variation as a means of defining thresh-
olds, this type of approach is very monitoring intensive at the scales considered for MSFD. An
alternate option would be a threshold set on the basis of a defined probability of avoiding loss,
coupled with case studies to understand the relationship between this threshold and the values
of the indicator associated with natural variation.

The preceding comments relate to a ‘quality’ threshold of course, and do not address the setting
of thresholds for ‘extent’. There appear to be no policy decisions thus far to guide progress on
extent. Types of evidence sought are likely to be similar to those that have been used, in some
cases controversially, to define area targets for MPA coverage. The use of arguments about con-
nectivity, as highlighted in WKBENTH?2, provide a science base that could lead to a presentation
of options, though applying these in general terms will be a significant challenge. An obvious
scientific point is whether the distribution of a given percentage loss will determine its implica-
tions and how this should be handled (eg. patches as opposed to one contiguous area in the
assessment unit).

Lines 642-643 “Thresholds are defined here as the state at which an ecosystem transitions from
a good to a degraded state”: Most likely "and/or extent" is to be added because the threshold(s)
for both state and extent are to be considered. In general, “state” has sometimes been used in its
widest sense (i.e. including also extent), sometimes in its more narrow sense (i.e. excluding ex-
tent) which complicates a correct understanding of the text.

Lines 653-665 and 788-791: The delivery of ecosystem services has not been listed as another
concept to think about in relation to thresholds. There is an opportunity here to link to ecosystem
services, with reference to how ecosystem services loss link to ecosystem function loss. The sci-
ence is not quite there but efforts to link ecosystem services to ecosystem function are ongoing.
May be useful to keep this in mind as the knowledge base continues to grow.

Lines 813-815: We could argue that this approach does define "good enough" relative to societal
costs but not to the societal benefits delivered by well-functioning ecosystems. Here is where the
ecosystem services approach ("how much do we need?") may come in.

Lines 819-824 “Sustainable use should therefore not be conflated with good environmental
state”: Point taken. You may however argue that maximum sustainable yield as used in a fisher-
ies context is different from "how much do we need" embracing "all" ecosystem services.

Lines 857-859 on expert judgement in threshold setting... “Advantages of such an approach is
the low demand for data, but this approach can be subjective, inconsistent and open to bias (Dor-
rough et al., 2020)”. The process to get to the expert judgement (consensus) may considerably
help its objectification. This may be elaborated here.

Lines 969-972 “Most time-series will also need to be detrended because long-term changes that
are related to for example climate change will be causing long term increases or decreases. This
was not considered a weakness of the approach, because it is a way of dealing with multiple
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pressures that are operating at different spatial scales”. This statement hints that GES is to be
related only to regionally manageable pressure. It hence ignores that anthropogenic effects play-
ing at scales larger-than-regional scales that may also change the ecological state of the marine
environment. While there indeed is some logic behind this statement, it would be helpful to as-
sess if this follows the MSFD philosophy.

Lines 1139-1140. It would be informative to also have some figures on variation around the av-
erage range in natural variation in the text.

Section 5

In general, the preparation of the datasets described is appropriate to support the next steps of
the work and a reasonably broad range of geographies and depths are identified (although not
quite as diverse as the range of depths and pressures proposed, perhaps optimistically, in the
request for advice to ICES). The datasets identified in WKBENTH2 for use in WKBENTH3 would
be suitable for assessing the effects of trawling disturbance (or comparable forms of abrasion),
rather than a wider range of pressures discussed in the request. Trawling is, however, a good
example for the testing in most regions and subregions given emphasis in 2007/848 that Member
States “focus their efforts on the main anthropogenic pressures affecting their waters” and
should “have sufficient flexibility, under specified conditions, to focus on the predominant pres-
sures and their environmental impacts on the different ecosystem elements in each region or
subregion....”

Section 6

The template provided the basis of a good technical service, although we lacked expertise in
many of the indicators reviewed in the technical service document. Note comments on treatment
of uncertainty under the review of Section 3. The request does ask ICES to consider “how confi-
dence and uncertainty are handled” without further discussion, but it is important whether this
handling of uncertainty is appropriate to what the MSFD seeks to achieve (as in previous com-
ments we link the consideration of uncertainty primarily to the threshold). The work that follows
from the provision of this template does address the request, although there would be added
utility from the WKBENTH2 and Technical Service work as a whole if criteria scorings for the
indicators and thresholds (when proposed) for all the same indicators were included in Section
3 (rather than a subset).

The process for collation of indicators as described seems thorough, though we do not have the
combined expertise to comment reliably on completeness.

Section 7

It is pragmatic and reasonable for WKBENTH2 to conclude that it is unlikely that sampling will
ever provide a representative picture of seafloor status at the regional scale where required for
D6, so it is necessary to have an emphasis on models and extrapolation and addressing the un-
certainties associated with this. Otherwise, Section 7 summarises topics already addressed in the
review of preceding sections.

Annex A. Examples of the distinction between indicator, method, application, and threshold.
Example A —biomass-based example:

. Indicator: The biomass of a sentinel species might be a candidate indicator. Crite-
ria that apply to the indicator might include if it is suitable to represent the health of the benthic
ecosystem.

ICES



ICES

WKBENTH2 2022

. Method: Many methods could be used to calculate the biomass of this sentinel
species. The method itself will have many criteria including is it peer reviewed, what are the
assumptions, has sensitivities to assumptions been carried out, is it replicable, documented etc.

. Application: The application of the method deals with what data are used in the
application and at what scale the calculation is made for example. Criteria might include if the
data are representative of the underlying processes, or if the calculation is made at a fine-enough
temporal and spatial scale to be meaningful.

. Thresholds: Finally, thresholds need to deal with the spatial and temporal scale
of that calculation. For example, a threshold might be that the biomass of that sentinel species at
the scale of the population stays above 50% of a reference biomass with a 10% risk of dropping
below 20% of some defined reference biomass. Another threshold could be that the relative ben-
thic status does not drop below 20% in more than 20% of the entire range of the indicator species,
or that it does not drop below 20% in more than 50% of the fished area in each habitat type.
Another threshold could be the biomass that recovers to unimpacted biomass if all impacts are
stopped for 12 years.

Example B — Some questions that arise from the example in Figure 5.1 in the report

. Indicator: proportion of sentinel species. Is this indicator suitable over multiple
habitat types for example? Does it capture degradation of habitat or ecosystem processes ade-
quately?

. Method: what species are counted and ignored? At what identification level are
these required and does that level of identification need to be constant over time or over different
areas to make the indicator comparable? Are there different ways to compute that indicator?
What is the scale of the calculation?

o Application: what sampling regime is adequate spatially (does a sampling regime
of 0.0175m? really capture biological processes) and can you compare between different sam-
pling scales?

o Threshold: Over what scale is the threshold applied and how are the results of the
calculation over that scale summarised? How is the variability captured in the threshold? Is the
threshold value transferable between different habitats or even between different studies?

Annex B. How thresholds perform for selected indicators

This Annex provides a worked example of applying a ‘natural variation’ threshold, with refer-
ence to Figure 5.1 in the WKBENTH2 report (reproduced below).

An approximation of the ‘natural variation” thresholds has been added to the figure. Green =
75%ile of very low pressure (we did not use the 95%ile as suggested in the text because it is
difficult to figure out where it is in the figure) and red is 0.8 times that value (at a scale which
starts at -0.2).

Panel Al in Figure 5.1 shows no results below the threshold. Does that mean that even high
pressure in this environment has limited effect or that the indicator is not suitable? Or is sam-
pling inadequate to measure this change?

Panel D1 has all but low pressure below the threshold. Does that mean that only low pressure
should be allowed? Is this environment more susceptible to trawling impacts than A1? Or is it
that sampling captures change better?
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In all other panels, results are partly above and partly below the red line. What constitutes a fail?
Is it any point or a proportion of points or some other rule?

The area sampled varied between 0.0175m? and 0.04km?. What effect have the sampled area and
sample size (not reported) on the results and outcome? Can a sampling regime of 0.0175m? rep-
resent the biological processes? Should the thresholds be linked to the sampling regime?

Do we conclude that proportion of sentinel species is not a good indicator? Or just not a good
indicator with regards to some specific habitat, level of habitat degradation, sampling type, some
other reason, or a combination of all?

A1) DEMERSALES: Offshore circalitoral sand A2) DEMERSALES: Upper bathyal sediment
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