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EcApRHA

The EcApRHA project (Applying an Ecosystem Approach to (sub) Regional Habitat Assessment) aims to address gaps
in the development of biodiversity indicators for the OSPAR Regions. In particular, the project aims to overcome
challenges in the development of indicators relating to the MSFD (Marine Strategy Framework Directive 56/2008/EU),
such as Descriptor D1 (Biodiversity), D4 (Food webs) and D6 (Seafloor integrity), and to deliver an action plan to OSPAR that
will enable monitoring and assessment at the (sub) regional scale, to contribute to OSPAR Intermediate Assessment 2017.

Indicators related to the benthic and pelagic habitats, as well as food webs, are investigated within the project at
different levels (from data to indicator; from indicator to habitat assessment; from habitat to ecosystem assessment).
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Executive Summary

The Marine Strategy Framework Directive (MSFD) aims to implement an integrated ecosystem-based
approach, to manage anthropogenic pressures on the marine environment focusing on 11 Descriptors
within European Union marine waters. To meet the MSFD’s aim, numerous indicators have been developed
to help determine their ecological status. To forward an ecosystem-based approach and undertake an
assessment of the status of our ecosystems at sub-regional seas scale, integration of these indicators and
across descriptors is required. A method to quantify how much pressure different ecosystem components
can resist before changing state also needs to be quantified to implement appropriate management
measure.

Through work developed within the European co-funded ‘Ecosystem Approach to (sub) Regional Habitat
Assessments’ (ECApRHA) project, in conjunction with the development of indicators within the OSPAR
regional seas convention, we propose an integrated cyclical approach to assess the state of the seabed and
benthic communities. The method developed integrates indicators relating biodiversity (D1) and seafloor
integrity (D6) descriptors in a cyclical process, with implications on other descriptors (e.g. commercial fish
and shellfish (D3), food webs (D4) and eutrophication (D5)).

The proposed method links the different indicators together, so that in situ monitoring and assessment
data can influence and update modelled benthic habitat maps, sensitivity and anthropogenic disturbance
assessments. In addition, by collecting benthic data in areas with a gradient of anthropogenic pressure,
analysis of the effects of the different pressure types on specific benthic habitat types can be analysed.
Hence, quantitative feedback can be provided to set thresholds and thus advise on management measures.
This integrated cyclical approach to determine the state of the seabed is based on data collected through
monitoring methods, and can be applied to other areas of marine ecosystem assessment. Due to
information which is currently missing on pristine reference areas, and uncertainties with regard to setting
baselines, the proposed method is recommended to be adopted to assess the condition of benthic
habitats.

NB: This report has been submitted as a paper: Elliott SAM, Guérin, L, Pesch, R, Schmitt P, Vina-Herbon V, Meakins B,
Torriente A, Gonzalez-Irusta J, Serrano A (In Review). Integrating benthic habitat indicators: working towards an
ecosystem approach. Marine Policy.
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Acronyms

BH1
BH2
BH3
BH4
CEMP
D1

D3

D4

D5

EIA
GES
EcApRHA
EcoQ
EQR
EU
EUNIS
MMI
MPA
MSFD
OSPAR

PERMANOVA
SIMPER

TS

VMS

WFD

Typical species composition

Condition of benthic habitat communities

Physical damage of predominant and special habitats

Area habitat loss

Coordinated Environmental Monitoring Programme
Descriptor 1: Biodiversity

Descriptor 3: Commercial fish and shellfish

Descriptor 4: Food webs

Descriptor 5: Eutrophication

Environmental Impact Assessments

Good Environmental Status

Ecosystem Approach to (sub) Regional Habitat Assessments’
Ecological Quality Status

Ecological Quality Ratio

European Union

The European Nature Information System

Multi-Metric Index

Marine protected Area

The EU Marine Strategy Framework Directive (2008/56/EC)

The (Oslo-Paris) Convention for the Protection of the Marine Environment
of the North-East Atlantic

Permutation Analysis Of Variance
SIMilarity PERcentages

Typical Species

Vessel Monitoring Systems

Water Framework Directive
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1 Background

The Marine Strategy Framework Directive (MSFD; Directive 2008/56/EC) aims to implement an
integrated ecosystem-based approach in order to manage anthropogenic activities and achieve
Good Environmental Status (GES) by 2020 (CEC, 2008). OSPAR is the mechanism by which 15
Governments and the EU cooperate to protect the marine environment of the North-East Atlantic.
As such it provides the mechanism to help its Contracting Parties, who are also EU Member States
to cooperate in achieving their obligations of regional coherence under the MSFD. To help
encompass an ecosystem view of the marine environment under the MSFD, 11 descriptors are
described (CEC, 2008) ranging from maintaining biodiversity, managing commercially exploited
fish and shellfish, to minimising eutrophication and contaminants. These 11 descriptors are each
made up of numerous indicators through which reporting by member states is required.

Multiple indicators enable responses to anthropogenic pressures to be analysed more widely and
provide a better understanding of their responses on benthic communities (Bremner et al. 2006,
de Juan et al. 2009). However, individual analysis of the indicators does not resolve the issue of
how to undertake an ecosystem based assessments of the marine environment. In addition, gaps
in information required to carry out assessment of the marine environment still exist (Borja et al.
2013, Bertram et al. 2014). Overarching knowledge gaps include: lack of pristine reference areas
or values to compare condition related indicators against and set baselines; varying spatial scales
and methodologies for which data is collected by Member States for the different indicators; and a
cohesive holistic approach to assess different aspects of the marine environment accurately (Borja
et al. 2014).

One increasingly popular and necessary method to undertake an integrative and more ecosystem
based assessments of the marine environment is through Multi-Metric index (MMI) tools (Borja et
al. 2012, Schoolmaster et al. 2012). MMI tools enable the state of the marine environment to be
monitored and assessed through the use of various metrics to derive at a single index from
impacts caused by anthropogenic disturbance (Hering et al. 2006, Schoolmaster et al. 2012). MMI
tools are commonly used to provide a simple measure of the state of the marine environment for
policy decisions such as Good Ecological Status within the Water Framework Directive (WFD;
2000/60/EC) (Hering et al. 2006, Schoolmaster et al. 2012). Various indicators from different MSFD
descriptors can therefore potentially be used to assess the state of the marine environment into a
single value (Borja et al. 2016).

Numerous integrated indicator tools have been developed in recent decades (reviewed by Borja et
al. (2016)). However, these tools have similar problems which consists of lack of reference areas or
levels to assess baselines, and how to assess thresholds (Borja et al. 2012, Elliott et al. 2017).
Additionally, trying to synthesise many aspects of the marine environment into a single unit can be
problematic and lead to loss of information which accurately reflects the complex nature of the
marine environment (Borja et al. 2014, Villnas et al. 2015). Further, most MMI assessment tools
use indicators, which are measured and assessed at varying levels of confidence and spatial scales,
adding an additional level of uncertainty. Other problems MMI tools can have include how to
weight the different anthropogenic pressure indicators appropriately, and problems with double
counting which can lead to additional imbalance or bias of certain indicators (Borja et al. 2014,
Villnas et al. 2015).

Borja et al. (2012) and Hill et al. (2012) review and evaluate a number of approaches, which can be
used to set a reference condition. These approaches include the use of existing areas, historical
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information, modelled reference condition, to the adoption of expert judgement. The preferred
method is the use an existing reference area, however such sites are often lacking (Borja et al.
2012). Furthermore, there is insufficient knowledge on the effect of anthropogenic activities on
condition related indicators, in terms of recovery, which inhibits the use of such reference areas.
Use of historic data faces similar challenges, supplementary to problems when temporal changes
are not considered (Borja et al. 2012). Modelling approaches to set reference condition are
thought to not be sufficiently developed due to lack of data and knowledge to build and validate
such models (Hering et al. 2010, Borja et al. 2010, 2012, Rombouts et al. 2013). As far as the
authors are aware, to date (January 2017) use of modelling approaches still remains a knowledge
gap. Expert judgement has been suggested as the only pragmatic way to determine reference
condition, although it can lack sufficient data to make confident assessments and can lead to
shifting baselines (Pauly 1995, Mee et al. 2008, Borja et al. 2012). Use of least damaged areas may
be an alternative in the absence of reference condition (Coates et al. 2007). Borja and Tunberg
(2011) and van Loon et al. (2015) use 99 percentile of biotic index data for the whole dataset (as
an extreme value). However, if insufficient samples are used, or if the sampling design is not
representative of the assessed area (both for benthic habitats and pressure exposure), the
percentiles may provide erroneous values (OSPAR. In Prep.b). Use of the percentile method should
also undertake pre-calibration to cross validate the values (OSPAR. In Prep.b).

1.1 The EcApRHA Project

The EU co-financed EcApRHA project specifically focuses on supporting OSPAR Countries in the
development of regional methodologies in the North-East Atlantic to assess indicators relating to
D1 (biodiversity), D4 (food webs) and D6 (seafloor integrity) and to contribute to OSPAR
Intermediate Assessment for 2017 (OSPAR, 2016b). The ECApRHA project also focuses on working
towards integrating indicators under these descriptors. The OSPAR Intermediate Assessment is
proposed for use by North-East Atlantic EU Member States as part of the obligation to report
against the MSFD. To develop indicators under these three descriptors the ECApRHA project is split
into three indicator related work packages: Pelagic habitats; Benthic habitats; and Food webs,
which feed into the final work package - Ecosystem perspectives. To ensure support to the MSFD
requirements of regional coherence, the ECApRHA project is embedded in work being forwarded
within OSPAR.

1.2 Aim and structure of the report

One of the aims of the ECApRHA project is to progress methods to undertake an integrated
assessment of indicators. The aim of this report is to develop an integrated approach to assess
benthic descriptors under D1 and D6 in the absence of information on pristine reference areas.

This report firstly provides an overview of each of the OSPAR benthic indicators, highlighting some
problematic issues and knowledge gaps facing the use of the indicator. The process for benthic
habitat integrated assessment is then described. A glossary is also provided outlining definitions
for the terms used within this document to support clarity.
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2 Key issue 1 - From data to indicators

The following section outlines in brief the indicators being developed under work package 2
(Benthic habitats) and highlights current problems with assessment of these indicators. Note, the
indicators under work package 2 have been developed in close collaboration with the relevant
OSPAR technical subsidiary body (refer to OSPAR (In Prep.a - e) for more detail).

2.1 Typical species composition (BH1)

The indicator ‘Typical species composition’ refers to species which are vulnerable to changes in
anthropogenic pressure. Considering the EU Habitats Directive (Directive 92/43/EEC) which relates
the status of conservation of the habitats and the long-term survival of typical species (TS; CEC,
1992), the aim of the indicator is to measure changes in the proportion of typical species within
different EUNIS? level habitat types when a disturbance occurs, compared to reference conditions.
Specific species are not possible to outline since this will change depending on the geographic
region and benthic habitat type.

The criterion for typical species composition was tested on the following methods of analysis:

e TS1 - Structural habitat-forming species (or autogenic ecosystem engineers as defined by
Jones et al. (1994)).

e TS2 - Species contributing to intra- habitat types (within the same benthic habitat type)
similarity identified through SIMilarity PERcentages (SIMPER) analysis.

e TS3 - Species contributing to inter-group (between different groups) dissimilarity between
samples of the same benthic habitat with different exposure to disturbance using SIMPER
analysis.

e TS4 - Sensitive species based on biological traits analysis (Bremner et al. 2006, de Juan &
Demestre 2012). The biological traits considered include: size, longevity, motility,
attachment, benthic position, flexibility, fragility and feeding habits.

e TS5 - Species whose relative frequency of occurrence is more than 1% where no or least
anthropogenic pressures are registered.

e TS6 - Species whose relative frequency of occurrence is more than 3% where no or least
anthropogenic pressures are registered.

e TS7 - Sensitive species based on biological traits analysis contributing to intra- habitat type
similarity identified through SIMPER analysis (this typical species is an amalgamation of TS2
and TS4 with an increased percentage similarity).

e TS8 - Sensitive species based on biological traits analysis whose relative frequency of
occurrence is more than 1%.

e TS9 - Species contributing to intra-habitat type similarity identified through SIMPER
analysis or species whose relative frequency of occurrence was greater than 3% where no
or least pressures were registered.

! The European Nature Information System (EUNIS, http://eunis.eea.europa.eu/) is a system to classify habitat types
according to the resolution of benthic habitat data. The numbering of levels, used within this document refers to
EUNIS version 2016. An updated classification of EUNIS levels is planned for 2017.



http://eunis.eea.europa.eu/

Applying a risk-based approach towards an integrated assessment of benthic habitat communities at a regional sea
scale

e TS10 - Sensitive species based on biological traits analysis contributing to intra- habitat
type similarity identified through SIMPER analysis or whose relative frequency of
occurrence was less than 1%. This typical species is an amalgamation of all of the above
options.

Detailed analysis of each typical species method demonstrated TS10 as the most appropriate
methods to reflect changes in the proportion of typical species in the presence of anthropogenic
pressures (OSPAR, In Prep.a). The latter is as a result of significant negative correlations between
an increase in physical and chemical disturbance and the percentage of typical species for the
tested benthic habitats.

To detect changes in typical species from anthropogenic pressures, data must be collected in areas
where no anthropogenic pressures occur or in least damaged areas. From testing of the indicator,
significant changes in the typical species composition were detected using different benthic
habitat EUNIS levels (from level 3 to level 5). This demonstrates the indicators adaptability to
detect anthropogenic pressure changes at different scales and levels of detail. More detailed
methods describing the process to select typical species can be found within OSPAR (In Prep.a).

Following testing BH1 using three different case studies and three different methods (refer to
OSPAR (In Prep.a)), key shortcomings identified include the lack of control areas or pristine
reference areas where benthic habitats have not been exposed to anthropogenic pressures. To
help overcome problems relating to the lack of pristine reference areas to compare samples
against, data were collected along a gradient of anthropogenic pressures including pressure
extreme. Using this method, changes in typical species composition in varying habitat EUNIS level
types were detected (OSPAR, In Prep.a). Although data analysed demonstrated a significant
decrease in the proportion of typical species in some benthic habitats as fishing or pollution
increased, it is recommended that this indicator is tested in more areas to strengthen results.

2.2 Condition of benthic habitat communities (BH2)

BH2 aims to assess the condition of benthic habitat communities. To undertake an assessment of
this indicator various metrics can be used depending on the anthropogenic pressure type. These
include:

e Measures of biological diversity (e.g. Shannon, Simpson and Margalef (Magurran 2004, Jost
2006)).

e Sensitivity metrics (e.g. Multivariate AZTI Marine Biotic Index (Borja et al. 2000) and
Hurlbert's et al. (1971) ESso).

e Biological traits metric (e.g. Infaunal Trophic Index and fuzzy correspondence analysis
(Word et al. 1979, Bremner et al. 2003, 2006)).

e Multivariate community composition changes (e.g. Bray-Curtis similarity index and
PERMANOVA (Beals 1984, Anderson et al. 2008)).

Analysing changes in these metrics with varying levels of anthropogenic pressure, enables the
condition of benthic habitat communities to be assessed. To undertake assessment of BH2, sites
should be monitored along a gradient of anthropogenic pressure from areas of minimal
disturbance to heavily impacted areas, to see whether the anthropogenic pressure has an effect
on the condition of the benthic habitat (Elliott et al. In Review, OSPAR, In Prep.b). The latter
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therefore means that information on pristine reference areas is not prerequisite and less optimal
methods such as use modelled reference areas or expert judgement can be avoided (Borja et al.
2012, Elliott et al. In Review).

Data collection for BH2 analysis should be carried out within the same habitat EUNIS level 5 type
(defined at biological community level). Sampling within the same EUNIS level 5 habitat type,
enables environmental variation to be minimised, since EUNIS level 5 habitats take into account a
range of environmental and biological variables upon classification. It is advised that analysis is
undertaken on an anthropogenic pressure by EUNIS level 5 habitat, to enable the effects of
individual pressures on a particular benthic habitat type to be analysed, and thus introduce
relevant quantitatively derived management measures where applicable.

To obtain a single assessment result from the different metrics used to assess the condition of
benthic habitats, MMI tools are frequently used (Hering et al. 2006, Schoolmaster et al. 2012,
Borja et al. 2014). To use MMI tools, metrics should be normalised following data exploration
(Zuur et al. 2010). The resulting unifying figure provides an Ecological Quality Ratio (EQR) value.
EQR’s are then categorised into Ecological Quality Status (EcoQ) ranges which provides a target
range in which a benthic habitat is classified according to its condition and from which baselines
are set defining the limit between a habitat in GES or not (OSPAR, In Prep.b). Through undertaken
analysis of the condition or EQR of benthic habitats at EUNIS level 5, with increasing
anthropogenic pressure, the detection of a change in the resistance (the ability of a benthic
habitat to tolerate a pressure without changing its characteristics) of a particular habitat type
should be possible (Figure 1; Elliott et al. In Review). BH2 has been tested out on several case
studies including the southern North Sea project (OSPAR. In Prep.c) and sedimentation pressures
within German coastal waters (OSPAR. In Prep.c). Furthermore, cross border applications of MMls
on benthic invertebrates and macro-algae for coastal regions have been assessed within the scope
of the WFD assessments (OSPAR. In Prep.c).

Factors affecting assessment of BH2 include: identifying a pristine reference condition or
sufficiently least damaged areas; accessing biological and anthropogenic pressure data on
different and sufficiently fine scale; and the detection of pressures on benthic habitats from
environmental variability. To help overcome problems relating to the lack of pristine reference
areas to compare samples against, data should be collected along a gradient of anthropogenic
pressures including pressure extreme (Elliott et al. In Review, OSPAR, In Prep.b; Figure 3.i). To
reduce environmental variability causing difficulties in distinguishing pressure effects, samples
should be collected in similar biogeographic areas, with minimal environmental variation.
Following the latter, environmental variation should be analysed (Elliott et al. In Review), in
addition to working with as high resolution a data as possible (i.e. EUNIS level 5 habitat types and
raw anthropogenic pressure data). A coordinated or joint, cross-border nested scale (from site to
regional scale) monitoring program, assessing individual anthropogenic pressures on specific
benthic habitat, would help improve understanding of quantitative pressure-state relationships
(Elliott et al. In Review, OSPAR, In Prep.b).
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Figure 1: Hypothetical pressure-state relationships on a particular benthic habitat per
anthropogenic pressure type. Hi to Hs refer to different hypothetical EUNIS level 5 habitat types.
The dashed line indicates a proposed threshold pressure value that can be exerted on a specific
habitat type over a period of time before the benthic habitat deteriorates in condition (Graph
from Elliott et al. In Review).

2.3 Physical damage of predominant and special habitats (BH3)

BH3 assesses the extent and level of disturbance on benthic habitats caused by physical damage
anthropogenic pressures. At present (January 2017), this indicator focusses on impacts from
bottom-trawling fishing activities and specifically vessels in excess of 12 m, given such activities
are cited as one of the most important anthropogenic activities affecting the marine ecosystem
(Jennings & Kaiser 1998, Halpern et al. 2008). Only vessels of 12 m or larger have been considered
since these vessels are equipped with Vessel Monitoring Systems (VMS) enabling the area of the
potential pressure exerted by the vessel to be calculated.

BH3 is assessed by collecting data on both benthic habitat and anthropogenic activities (Figure
2.b). The distribution and intensity of mobile bottom gear fisheries are based on swept area ratios
(SAR) of surface and sub-surface (sediment penetration = 2 cm) abrasion for fishing vessels of > 12
m within 0.05° x 0.05° grids (also known as c-squares) (Eigaard et al. 2016, OSPAR, In Prep.d). The
SAR is the width of fishing gear (in metres) multiplied by the average vessel speed (in knots) and
the time fished. The distribution of anthropogenic pressures is based on calculations of exposure
within a year and across an MSFD cycle of six years (Anon, 2015, OSPAR. In Prep.d). The EUNIS
habitats are mapped at different levels of detail, from level 3 physical habitats to level 5 biological
communities, according to data available, and then aggregated to EUNIS level 3 where more detail
is provided (Figure 2.a).

The sensitivities of benthic habitats (EUNIS level 3 to 5) are based on resistance and resilience
(recoverability of the habitat /characteristic species in years) in relation to a defined intensity of
anthropogenic pressure (OSPAR, In Prep.d, Tyler-Walters et al. 2001; Figure 2.c). The sensitivity is
assessed at species, community or EUNIS level 3 habitats, depending on what benthic habitat
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mapping information is available within each grid cell. Benthic habitat maps and sensitivity
assessments are assigned confidence levels based on the type of information used (e.g. ground-
truthed data, percent of ground-truthed data, modelled maps, to best available evidence and
expert judgement- refer to OSPAR, In Prep.d; Figure 2.f).

A matrix combining the intensity or exposure of anthropogenic pressure (per pressure type) and
benthic habitat sensitivity (per EUNIS level 3 habitat type) supports the classification of
disturbance. Disturbance distribution are then categorised from none to very high (ten categories)
(Figure 2.e), and the distribution of categories is shown on disturbance maps (Figure 2.d). The
disturbance maps for surface and subsurface abrasion are then combined by selecting for each of
the cells the highest disturbance category from the two maps. The final outputs of this modelled
assessment are levels of disturbance per benthic habitat type across a region. These levels of
disturbance are amalgamated into a Physical Damage Index value for each benthic habitat. During
indicator development a formula for calculating this index was tested and found not to deliver
satisfactory results to capture temporal changes in fisheries pressures. Further work is required to
test and make this index operational.

Habitat and Sensitivity
" Information i Disturbance by habitatand
i ¥ § ; sub-region

- ~_ e e

Disturbance maps

Figure 2. Conceptual overview of BH3 showing the different components required for analysis.

An assessment has been undertaken for OSPAR Region Il (Greater North Sea) and Region Il (Celtic
Seas), and a partial assessment for Region IV (Bay of Biscay and lIberian Coast) has been
undertaken due to lack of benthic habitat data. During the next indicator assessment cycle the
method for this indicator will be improved from semi-quantitative/categorical to a more
guantitative approach. In order to do that the following knowledge gaps need to be addressed:

e Data on extent and distribution of benthic habitats and their sensitivities. Additional
information from benthic species collected during surveys will be used to improve the
quality of the results, and to improve the evidence available on the distribution of
sensitivity information across the regions.
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e Currently a limited pressure data set on the distribution of fisheries is used. Moreover, due
to different approaches to extract data from the national databases it is expected that
some data are missing or potentially misallocated. A gap also exists around the activities of
smaller vessels (< 12 m) fishing mostly in coastal waters that are not equipped with a VMS
recorder. Information on other activities causing physical damage (e.g. sand extraction,
offshore construction activities) will also be included as the indicator is further refined. Due
to the different nature of the anthropogenic pressures (e.g. selective extraction, abrasion
and changes in siltation), for each of these physical damage pressures a separate
disturbance matrix is required in order to explore how to take into account multiple
pressure in the assessment.

e The scale of fishing pressure and the matrix underpinning disturbance categories need to
be evaluated using experimental and field studies in order to improve evidence on the
pressure-state relationships as per within BH1 and BH2.

e A method to evaluate historical damage needs to be developed, as the indicator currently
does not take account of the benthic fishing activity which has occurred prior to 2010. In
some areas benthic habitats may have already lost sensitive features due to ongoing
anthropogenic pressures. In order to improve the assessment and to take account benthic
habitats deteriorated in the past, a reference state of the habitats could be included in
future iterations.

e Based on the levels of disturbance per benthic habitat type across the region a ‘Physical
Damage Index’ will be further tested and developed to calculate a value for each benthic
habitat or geographical area.

2.4 Area habitat loss (BH4)

BH4 is being developed to assess the proportion of the area of benthic habitats that is
permanently or for a long-lasting period lost due to anthropogenic pressures. The metric for this
indicator is the surface area of lost benthic habitat. The assessment of benthic habitat extent may
be based on mapping of abiotic parameters (e.g. sediment, depth range) and biotic parameters
(key species, benthic habitat-forming species, communities) or by modelling the extent of the
EUNIS level 3, 4 or 5 habitats. Each benthic habitat is then attributed a specific sensitivity to the
various types of anthropogenic pressures causing loss of extent. Many human activities causing
benthic habitat loss require licensing procedures and Environmental Impact Assessments (EIAs)
(e.g. wind farm constructions, sediment extraction, etc.). When available, EIAs enable the extent
and intensity (e.g. duration and/or frequency of a pressure, amount of sediment extracted) of the
pressures to be determined. The activity footprint (extent and intensity of pressures) is then
combined with the extent and sensitivity of benthic habitats in order to assess the extent of
permanently lost area for each habitat.

At present two national concepts exist for the assessment of benthic habitat loss, which have been
developed within German and the UK (Bioconsult, 2013, Strong 2016). In principle, both concepts
assess activities and pressures in a similar way: benthic habitat maps are required; the sensitivity
of habitats is assessed; and finally pressures and sensitivities are combined to produce a value for
the potential impact on the benthic habitat. Differences that still have to be discussed arise from
the following issues:
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e How to assess the extent of benthic habitats: assessment of the potential (predicted)
extent or the actual extent of habitats?

e Which benthic habitat types shall be assessed (EUNIS level 3 to 5 and Special habitats)?
e Which anthropogenic pressure types to include (i.e. physical loss and/or habitat loss)?

e How to consider irreversible changes at a community scale given this can lead to
irreversible loss at EUNIS level 5?

A common approach for the OSPAR maritime area is being developed (OSPAR. In Prep.e).

3 Key issue 2 - From indicators to habitat assessment - An integrated approach to assess benthic
habitats

To date indicators have largely been analysed and tested as separate components (refer
Coordinated Environmental Monitoring Programme — CEMP, indicator guidelines, OSPAR In Prep.a
- e). Albeit, they were developed coherently and are highly interlinked and complement one
another. It should also be noted that the described indicators are also affected by uncertainties
with regard to existing conditions of benthic habitats, and the reference conditions of those
different habitats. From BH1, BH2 and BH32, we propose an integrated method to assess benthic
habitats to reduce duplication of survey effort, and optimise monitoring requirements by ensuring
that the different indicators feed into one another, and strengthen confidence in the overall
assessment.

3.1 Benthic habitat integrated process overview

To undertake this integrative cyclical assessment, the methodologies of the individual benthic
habitat indicators are used and linked together. The latter enables a quantitative feedback loop to
be created so that monitoring data can feed into and update benthic habitat maps, in addition to
sensitivity and disturbance calculations. Such a process also facilitates quantitatively derived
management measures to be put in place. Figure 3 and below outlines the process to undertake
this integrated benthic habitat indicator quantitative assessment:

e Information on anthropogenic activities (Figure 3.a) are collected and spatially analysed
according to the anthropogenic pressures they exert on the marine environment (Figure
3.b; BH3).

e Ground-truth sampling (Figure 3.c) helps to classify EUNIS level 5 and Special habitats, and
create benthic habitat prediction models (EUNIS level 3 and Special and biogenic habitats;
Figure 3.d). Predictive and ground-truthed data provide the data to build benthic habitat
maps (EUNIS level 3 to 5) of ranging confidence (Figure 3.e; BH3), and help analyse BH1.

e Information on benthic habitat (EUNIS levels 3 to 5) (Figure 3.e) and benthic data (BH1 and
BH2) resistance and resilience per anthropogenic pressure types, are then used to build a
map of habitats sensitivities (Figure 3.f; BH3) (EUNIS level 3 to 5) of ranging confidence.

2 Since BH4 is at early stages of development and a common OSPAR approach has not yet been agreed upon, it has
not been included in the benthic habitat integrated assessment.
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e These anthropogenic pressure and benthic habitat sensitivities data layers (Figure 3.b and
f) are combined using disturbance matrices of pressure intensity versus sensitivity (Figure
3.g; BH3) per habitat (EUNIS level 3 to 5) and pressure type.

e Each habitat type (EUNIS level 3 and Special habitats) mapped across the region are
categorised according to their sensitivity and the intensity of anthropogenic pressure
being undertaken within the area to produce a Disturbance distribution map (Figure 3.h;
BH3).

e The benthic habitat disturbance map (Figure 3.h) can then facilitate benthic habitat
monitoring and assessment programs (Figure 3.i; BH1; BH2) to be adapted per pressure
and EUNIS level 5 habitat type, to collect data in areas with a gradient of anthropogenic
pressure from highly impacted to reference areas, or in the absence of, least damaged
areas.

e From in situ monitoring and assessment (Figure 3.i) of benthic habitats (EUNIS level 5), in
combination with fine scale data on anthropogenic pressures, the condition of benthic
habitats (EUNIS level 5), can be statistically quantified through pressure-state changes
(Figure 3.j; BH1 and BH2). The latter will enable quantitative baselines for disturbance to
be set, based upon changes in EQR of EUNIS level 5 benthic habitats with increasing
pressure.

e These more quantitatively derived EQR thresholds (Figure 3.j) can then feed back and
refine benthic habitat maps and habitat sensitivity assessments (EUNIS level 3 to 5; Figure
3.d to f), and benthic habitat disturbance matrix (Figure 3.g). Which in turn can also be
used to influence into disturbance distribution assessments and maps (Figure 3.h), with
increased confidence in disturbance values.
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Through the benthic habitat integration process, data requirements for the three indicators can be
classified into three main categories. These data requirements comprise of a) site specific benthos
monitoring data, b) Benthic habitat data, and c) data relating to anthropogenic pressures (Figure
4). To support the description of the integration of benthic habitat indicators (Figure 3), Figure 4
illustrates a simplified overview linking the type of data required for benthic habitat integrated
assessment and how they support the assessment of each indicator. Within Figure 4:

e Benthos monitoring data (Figure 4.a) refers to the collection of data on benthic macro-fauna
and macro-flora and communities in addition to metadata containing information on the
geographical location, depth, time the data was collected, etc. Standardised methods used to
collect benthic data are prerequisite to assess the cross institutional and cross border
comparability of quantitative information on benthic species (OSPAR In Prep.a - b).

e Benthic habitat data (Figure 4.b) provides information on seabed type classified according to
EUNIS levels. Benthic habitat maps can be produced at different spatial resolutions depending
on methods used (e.g. ground-truthed sampling, acoustic mapping to use of modelling
techniques) (Kenny et al. 2003, Diaz et al. 2004). Benthic habitat data also comprise of
information on environmental variables (e.g. depth, exposure sediment type, etc.) used to
classify (Brown et al. 2011) and model habitat within the scope of different national and
international classification systems (OSPAR In Prep.d).

e Anthropogenic pressure data (Figure 4.c) provides information on the extent and intensity of
pressures exerted by anthropogenic activities on the seabed. Anthropogenic pressure data can
also be acquired at different spatial scales. For example, 0.05° x 0.05° grids can be used for
spatial quantification of fishing pressure at sub-regional scale (ICES, 2015, OSPAR, In Prep.d)
whereas site specific data can be acquired to address finer scale fishing, dumping and disposal
action pressure data (OSPAR, In Prep.a - d).

Figure 4 illustrates the link between each of these data types and how they are important for the
calculation of BH1, BH2 and BH3. The three corners of the triangle link since:

e Benthos monitoring data (Figure 4.a) help classify benthic habitat types (Figure 4.b),
provides the spatial location; and help make predictive habitat maps (BH3). Benthos
monitoring data also enables the identification of communities (BH2) and typical species
(BH1) within EUNIS level 5 habitats. The latter is then used to assess reference conditions
(BH1 and BH2).

e Benthic habitat (Figure 4.b) and anthropogenic pressure data (Figure 4.c) is required for
BH3 sensitivity analysis and mapping, and evaluating and mapping the extent of
disturbance per benthic habitat type (also refer to Figure 3.g and h).

e Through benthos monitoring (Figure 4.a) and anthropogenic pressure data (Figure 4.c),
assessing quantitative pressure-state relationships along a gradient are possible (BH1 and
BH2; Figure 3.j). Areas with least damaged can be distinguished to verify habitat specific
communities (BH2), typical species (BH1) and their sensitivities (Figure 3.e and h). The
extent of disturbance can also be validated (BH3; Figure 3.g and h).
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Figure 4. Data flow requirements for benthic habitat integrated assessment.

4 Discussion

The proposed integrative cyclical approach uses information and methods from the different
benthic indicators, within the different MSFD descriptors, in a cohesive approach so that they can
inform and influence one another and provide a more complete assessment of benthic habitats.
The process enables more efficient use of monitoring requirements by collecting data for several
indicators as opposed to independent methods for each indicator. Results also enable updated
monitoring and assessment data to be built upon to strengthen benthic habitat community
assessments through its integrated cyclical approach. The quantitative pressure-state analysis
facilitates the identification of threshold tipping points to advise on anthropogenic activity
management measures. The proposed method is different from usual integrated assessments,
since it does not rely on an MMI tool to assess the state of the marine environment, but draws
from the processes of the different indicators to evaluate the state of a benthic habitat within a
particular region. This method therefore avoids problems of double counting, varying spatial
scales, weighting of the various indicators, and problems with assessing thresholds which exist
within current MMI integrated assessment methods (Borja et al. 2013, Berg et al. 2015).

The proposed method relies on the availability of benthic habitat (EUNIS level 4 to 5 and special
habitats) and anthropogenic pressure (extent, frequency and intensity) data to undertake
assessment. The method also relies on the need for a gradient of anthropogenic pressures
including pressure extremes to be able to detect changes in benthic habitat communities. The
gradient of pressures is therefore used as a proxy for the lack of information that currently exists
on pristine reference areas for most benthic EUNIS level 4 to 5 habitats. Within this approach,
sufficiently least damaged areas must be selected during monitoring and assessment and
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compared to the same EUNIS level 4 to 5 habitat with varying anthropogenic pressures (Elliott et
al. In Review).

Ideally pristine reference conditions are required to set baselines for full-recovery potential of
each habitat. However with centuries of anthropogenic pressure taking place and only relatively
recently detailed benthic habitat and activity mapping taking place, identification of such pristine
reference areas are few and far between. Pristine conditions can help discern the behaviour and
ecology of marine ecosystems and avoid shifting baselines where least damaged sites are
considered as reference areas (Pauly 1995, Josefson et al. 2009). With time (depending on the
benthic habitat type), Marine Protected Areas (MPAs) could be used to create long-term low-
pressure areas as a proxy for reference areas if strict management measures (e.g. no-take area)
were implemented to ensure no damaging activities occurred within the MPA, and adequate
benthic monitoring is in place (Van Hoey et al. 2010, Elliott et al. In Review). It should however be
noted that presently, long-term recovery of benthic habitats is not well understood due to lack of
long-term anthropogenic demersal pressure and benthic data (Kaiser et al. 2006, Foden et al.
2011).

To further improve the process, links with other descriptors could be included such as with
Descriptor 4 (food webs), where many vertebrates (e.g. demersal fish and birds) depend on
benthic species for food resources and refuge (Nordstrom et al. 2015, Arroyo et al, 2017, Elliott et
al. In Press). A deterioration in benthic habitat quality from increased anthropogenic pressure has
been linked to changes in trophic levels of demersal communities (Arroyo et al, 2017). Links with
Descriptor 3 (commercial species) could also be made through linking benthic habitat quality and
benthic anthropogenic pressures to commercially important demersal fish habitats (Elliott et al. In
Press). In addition, the proposed method can help inform on assessment and monitoring
requirements for special habitats, as those listed under the Habitat Directive or Regional Sea
Conventions, even if specific objectives and management measures (e.g. thresholds) may differ.

To incorporate a more ecosystem perspective, effects of co-occurring or multiple anthropogenic
pressures on benthic habitats should be explored (Halpern et al. 2008a, Foden et al. 2011, OSPAR,
In Prep.f). The latter, would however lead to difficulties in distinguishing the effects of individual
anthropogenic pressure types on benthic habitat and therefore difficulty in setting management
measures (Giakoumi et al. 2015). As part of OSPAR Intermediate Assessment 2017, an ecosystem
assessment outlook is being developed through cumulative effect assessments of OSPAR common
indicators (Elliott et al, 2017, OSPAR, In Prep.f). The latter approach could be applied to benthic
habitat integration to help provide a wider understanding of individual and cumulative effects or
otherwise known as co-occurring pressure (Elliott et al, 2017).

Due to limited and difficulties in accessing long-term and extended spatial coverage datasets, full
testing of this integrated cyclical approach has not yet been undertaken. Future work should focus
on identifying established datasets, for example from WFD assessments and marine research and
industries (e.g. through EIAs). Testing the approach would identify where data-access issues exist,
and ensure standardised monitoring methods are used to support cross-institutional and cross-
border comparability of benthic information within regional seas. Analysis of the individual
indicators has been undertaken within OSPAR regional seas area. However, the proposed
methodology could be trialled and applied to other regional seas such as the Mediterranean and
the Baltic Sea supporting cross-region coherence, and further developing an ecosystem-based
approach for benthic habitats assessment.
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Annex 1 - Glossary of technical terms outlined within this document

Term Description Source
Anthropogenic The mechanism through which a human activity Foden et al.
Pressures causes an effect on any part of the ecosystem and 2011, Goodsir et
may change the environmental state or condition of al. 2015,
that part of the ecosystem over a given period of Oesterwind et
time. A pressure can be of physical, chemical or al. 2016
biological nature.

Baseline The qualitative or quantitative description of the OSPAR 2012,
state a habitat type against which subsequent Elliott et al. In
values of state are compared. A baseline condition Review
can be set at different levels (e.g. pristine, least
damaged, or to be maintained in its current state)
according to the management objective for that
particular habitat.

Benthic habitat The place where benthic species occupy. Davies et al,
Characterised by the physico-chemical (e.g. 2004, Elliott et
sediment, depth, salinity, temperature, etc.) and al. 2016

Coastal waters

Criteria

Cumulative effects or
co-occurring
pressures

Descriptor

Ecological Quality
Ratio

biological conditions (fauna, flora, algae). Benthic
habitats may comprise of one or several biological
communities depending on the European Nature
Information System (EUNIS) habitat classification
level. EUNIS is a system to classify benthic habitats
on different scales. The higher the level, the more
detail and sub-types of habitats are included.

Marine waters, the seabed and subsoil on the
landward side of a line, every point of which is at a
distance of one nautical mile on the seaward side
from the nearest point of the baseline from which
the breadth of territorial waters is measured.

A particular aspect of biodiversity that requires
their status to be assessed e.g. population size.

The size and location of multiple anthropogenic
pressures, which overlap in an area or on a habitat.
These pressures may be additive, synergetic or
antagonistic. This term is therefore also referred to
as co-occurring to avoid this confusion.

Qualitative features which are used to assess GES.
11 are described within the MSFD, three of which
(Biological diversity, seafloor integrity and food
webs) relate to the ECApRHA project.

Refers to a standardised index (between 0 and 1)
used to assess biological indicators against
reference conditions for a specific area.

CEC.2000, 2008

OSPAR 2012

Foden et al.
2011, Judd et al.
2015

CEC. 2008

Borja et al.
2004, 2007,
Borja and
Rodriguez 2010,
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Tett et al. 2013

Ecosystem An ecosystem consists of biotic (community of Dauvin et al.
organisms) and abiotic (physical, chemical and 2008, Curtin and
biogeochemical) features, processes and Prellezo 2010

interactions in a defined space at a given time.

Ecosystem approach ~ The comprehensive integrated management of OSPAR, 2016d
human activities based on the best available
scientific knowledge about the ecosystem and its
dynamics, in order to identify and take action on
influences which are critical to the health of marine
ecosystems, thereby achieving sustainable use of
ecosystem goods and services and maintenance of
ecosystem integrity.

Good Environmental  Refers to the environmental status of marine CEC. 2008
Status waters where these provide ecologically diverse

and dynamic oceans and seas which are clean,

healthy and productive within their intrinsic

conditions, and the use of the marine environment

is at a level that is sustainable, thus safeguarding

the potential for uses and activities by current and

future generations.

Ground-truth In situ sampling to verify a benthic habitat type or EMODnet 2016
its condition
Indicator Are distinct features that help quantify descriptors ~ CEC. 2008

outlined within the MSFD.

Integrated approach The combining of information from different Borja et al. 2014
(scientific) indicators into one higher-level indicator
or to criterion-level, or the combining of
information from two or more criteria to descriptor
level or to an alternative grouping of criteria (e.g.
for an ecosystem component, or for a grouping of
criteria below descriptor level).

Least damaged The state of a habitat that may have been subject to Elliott et al. In
habitats or condition some anthropogenic impacts or disturbance, but Review.

whose structure and functions are not adversely

modified. The latter will need a certain level of expert

judgment. However, through exploring anthropogenic

pressure-state relationships, it will be possible to

determine whether the least damaged habitat’s

structure and function are not adversely modified.

Metadata The data helping to define or to understand other FGDC Content
data. For example, date of sampling and Standard for
geographical location of a station which is Digital
associated with biological data such as species Geospatial

abundance and environmental data such as Metadata
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substrate characteristics. Workbook,
Ver2.0, May 1,
2000 within
OSPAR. In
Prep.d
Monitoring The different observatory methods to survey Schmitt et al.
species, habitats, ecosystems, etc. in time. 1996
Multi-Metric Index A quantitative monitoring and assessment tool to Schoolmaster et
tool undertake an integrative assessment of the marine al. 2012

environment or part of. The tool combines measures
of the status of the marine environment into a single

unit.
Predominant species  Habitat category referred to in Table 1 of Annex llI OSPAR 2012
and habitat to the Directive. Widely occurring and broadly

defined habitat types (e.g. shelf sublittoral sand or
mud) that are typically not covered by other
legislation (see ‘Special habitat types’).

Pristine reference The mean value or the ranges of values which CEC. 2008, Borja
state/ condition/ area define a pristine or best environmental state which et al. 2010

has not been subject to anthropogenic impacts or

only minor disturbance has been undertaken in the

area.

Region The MSFD derestriction is split into four marine CEC. 2008
regions (Baltic sea, the North East Atlantic Ocean,
the Mediterranean Sea and the Black Sea) to
facilitate implementation of the Directive, taking
into account hydrological, oceanographic and
biogeographic features.

Sensitivity The ability of a habitat to tolerate pressure and the Aish et al. In
time the habitat needs to recover following removal Review.
of the pressure.

Special habitat Habitat which have a specific management concern, CEC. 2008
especially those recognised or identified under
Community legislation (the Habitats Directive and
the Birds Directive) or international conventions as
being of special scientific or biodiversity interest.

Sub-region An area within EU regional seas which has similar CEC. 2008
range of benthic habitats and oceanic conditions.
Within OSPAR’s mandate, the North East Atlantic
Ocean, this includes the Celtic seas, Greater North
Sea, Bay of Biscay and the Iberian Coast,
Macaronesian biogeographic region.

Threshold For management purposes, thresholds are used as Samhouri et al.
the value or range of values to describe the quality of 2010, OSPAR,
a particular habitat before it changes state from 2012
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increased pressure.

Vessel Monitoring VMS is a general term to describe a satellite NOAA fisheries
System (VMS) communications system used to monitor fishing glossary 2006,
activities. The system is based on electronic devices FAO, 2016
(transceivers), which are installed on board vessels
and automatically send data to a shore-based
“satellite” monitoring system. VMS provides
monitoring agencies with accurate locations of where
fishing vessels are and where they were at periodic
time intervals. The position information can be
provided to the monitoring agency in near real time
(less than 30 minutes), regardless of the location of
the vessel.




EcApRHA Project, 2017

5 References

Aish, A,, La Riviere, M., Gauthier, O., Thibaut, T., Tillin, H., Tyler-Walters, H., Zerbe, A., and
Thiébaut, E. In Review. Evaluating the (cumulative) effects of human activities on the
marine environment. Springer series

Arroyo, NL, Le Loc'h, Preciado I, Niquil N, Vouriot P, Safi G (2017) Implementation of the mean
trophic level indicator (MTL), FW4) and assessment of its use at a sub-regional level (OSPAR
region IV) as a contribution to the EU Co-financed EcApRHA project (Applying an ecosystem
approach to (sub) regional habitat assessments), deliverable 3.1

Anderson, M, Gorley R, Clarke K (2008) PERMANOVA+ for PRIMER: guide to software and
statistical methods. PRIMER-E: Plymouth, UK

Anon (2015) Validating an Activity-Pressure Matrix. ABP Marine Environment Research Ltd,
Department for Environment, Food and Rural Affairs (DEFRA) led contract. R2435.
Available at:
https://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&yv
ed=0ahUKEwjLqZ3TraLMAhUpLcAKHSgXCWEQFggtMAI&url=http%3A%2F%2Frandd.defra.
gov.uk%2FDocument.aspx%3FDocument%3D13051 ME5218FinalReport.pdf&usg=AFQjCN
Hc4v7yt3cTivSn9v9jAy3aZgl15A&sig2=0mJLngMci6SVRyCCxpbehw (Accessed 22 April
2016)

Beals EW (1984) Bray-Curtis Ordination: An Effective Strategy for Analysis of Multivariate
Ecological Data. In: Advances in Ecological Research. 1-55

Berg T, Flirhaupter K, Teixeira H, Uusitalo L, Zampoukas N (2015) The Marine Strategy Framework
Directive and the ecosystem-based approach — pitfalls and solutions. Mar Pollut Bull
96:18-28

Bertram C, Dworak T, Gorlitz S, Interwies E, Rehdanz K (2014) Cost-benefit analysis in the context
of the EU Marine Strategy Framework Directive: The case of Germany. Mar Policy 43:307—-
312

Bioconsult (2013) Seafloor integrity - Physical damage, having regard to substrate characteristics
(Descriptor 6). A conceptual approach for the assessment of indicator 6.1.2: ‘Extent of the
seabed significantly affected by human activities for the different substrate types’. Report
within the R & D project ‘Compilation and assessment of selected anthropogenic pressures
in the context of the Marine Strategy Framework Directive’, UFOPLAN 3710 25 206

Borja A, Dauer DM, Grémare A (2012) The importance of setting targets and reference conditions
in assessing marine ecosystem quality. Ecol Indic 12:1-7

Borja A, Elliott M, Andersen JH, Berg T, Carstensen J, Halpern BS, Heiskanen A-S, Korpinen S,
Lowndes JSS, Martin G, Rodriguez-Ezpeleta N (2016) Overview of Integrative Assessment of
Marine Systems: The Ecosystem Approach in Practice. Front Mar Sci 3:1-20

Borja A, Elliott M, Andersen JH, Cardoso AC, Carstensen J, Ferreira JG, Heiskanen AS, Marques JC,
Neto JM, Teixeira H, Uusitalo L, Uyarra MC, Zampoukas N (2013) Good Environmental
Status of marine ecosystems: What is it and how do we know when we have attained it?
Mar Pollut Bull 76:16-27

21


https://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjLqZ3TraLMAhUpLcAKHSqXCWEQFggtMAI&url=http%3A%2F%2Frandd.defra.gov.uk%2FDocument.aspx%3FDocument%3D13051_ME5218FinalReport.pdf&usg=AFQjCNHc4v7yt3cTivSn9v9jAy3aZg115A&sig2=0mJLngMci6SvRyCCxpbehw
https://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjLqZ3TraLMAhUpLcAKHSqXCWEQFggtMAI&url=http%3A%2F%2Frandd.defra.gov.uk%2FDocument.aspx%3FDocument%3D13051_ME5218FinalReport.pdf&usg=AFQjCNHc4v7yt3cTivSn9v9jAy3aZg115A&sig2=0mJLngMci6SvRyCCxpbehw
https://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjLqZ3TraLMAhUpLcAKHSqXCWEQFggtMAI&url=http%3A%2F%2Frandd.defra.gov.uk%2FDocument.aspx%3FDocument%3D13051_ME5218FinalReport.pdf&usg=AFQjCNHc4v7yt3cTivSn9v9jAy3aZg115A&sig2=0mJLngMci6SvRyCCxpbehw
https://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjLqZ3TraLMAhUpLcAKHSqXCWEQFggtMAI&url=http%3A%2F%2Frandd.defra.gov.uk%2FDocument.aspx%3FDocument%3D13051_ME5218FinalReport.pdf&usg=AFQjCNHc4v7yt3cTivSn9v9jAy3aZg115A&sig2=0mJLngMci6SvRyCCxpbehw

Applying a risk-based approach towards an integrated assessment of benthic habitat communities at a regional sea
scale

Borja A, Elliott M, Carstensen J, Heiskanen A-S, Bund W van de (2010) Marine management —
Towards an integrated implementation of the European Marine Strategy Framework and
the Water Framework Directives. Mar Pollut Bull 60:2175-2186

Borja A, Franco J, Pérez V (2000) A Marine Biotic Index to Establish the Ecological Quality of Soft-
Bottom Benthos Within European Estuarine and Coastal Environments. Mar Pollut Bull
40:1100-1114

Borja A, Franco J, Valencia V, Bald J, Muxika |, Jesus Belzunce M, Solaun O (2004) Implementation
of the European water framework directive from the Basque country (northern Spain): a
methodological approach. Mar Pollut Bull 48:209-218

Borja A, Josefson AB, Miles A, Muxika I, Olsgard F, Phillips G, Rodriguez JG, Rygg B (2007) An
approach to the intercalibration of benthic ecological status assessment in the North
Atlantic ecoregion, according to the European Water Framework Directive. Mar Pollut Bull
55:42-52

Borja A, Prins T, Simboura N, Andersen JH, Berg T, Marques JC, Neto JM, Reker J, Teixeira H,
Uusitalo L (2014) Tales from a thousand and one ways to integrate marine ecosystem
components when assessing the environmental status Tales from a thousand and one ways
to integrate marine ecosystem components when assessing the environmental status.
Front Mar Sci 1:1-39

Borja A, Rodriguez JG (2010) Problems associated with the “one-out, all-out” principle, when using
multiple ecosystem components in assessing the ecological status of marine waters. Mar
Pollut Bull 60:1143-1146

Borja A, Tunberg BG (2011) Assessing benthic health in stressed subtropical estuaries, eastern
Florida, USA using AMBI and M-AMBI. Ecol Indic 11:295-303

Bremner J, Rogers S, Frid C (2003) Assessing functional diversity in marine benthic ecosystems: a
comparison of approaches. Mar Ecol Prog Ser 254:11-25

Bremner J, Rogers SI, Frid ClJ (2006) Methods for describing ecological functioning of marine
benthic assemblages using biological traits analysis (BTA). Ecol Indic 6:609-622

Brown CJ, Smith SJ, Lawton P, Anderson JT (2011) Benthic habitat mapping: A review of progress
towards improved understanding of the spatial ecology of the seafloor using acoustic
techniques. Estuar Coast Shelf Sci 92:502-520

Council of the European Communities (CEC) (1992) Council Directive 92/43/EEC of 21 May 1992 on
the conservation of natural habitats and of wild fauna and flora. Official Journal of the
European Communities, L 206, 22/07/1992, 7-50. Online. http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:31992L0043&from=EN (accessed 26/09/16)

CEC (2000) Directive 2000/60/EC of the European parliament and of the council of 23 October
2000 establishing a framework for Community action in the field of water policy. Official
Journal of the European Union L327, 22/12/2000, 1-72. Online. http://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000L0060 (accessed 25/07/16)

CEC (2008) MSFD (Marine Strategy Framework Directive). Directive 2008/56/EC of the European
Parliament and of the Council of 17 June 2008 establishing a framework for community
action in the field of marine environmental policy. Official Journal L 164; 25/06/2008. p.
0019-40. Available at: http://eur-



http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31992L0043&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31992L0043&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000L0060
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000L0060
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:164:0019:0040:EN:PDF

EcApRHA Project, 2017

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2008:164:0019:0040:EN:PDF (accessed
10/05/16)

Coates S, Waugh A, Anwar A, Robson M (2007) Efficacy of a multi-metric fish index as an analysis
tool for the transitional fish component of the Water Framework Directive. Mar Pollut Bull
55:225-40

Curtin R, Prellezo R (2010) Understanding marine ecosystem based management: A literature
review. Mar Policy 34:821-830

Dauvin J-C, Bellan G, Bellan-Santini D (2008) The need for clear and comparable terminology in
benthic ecology ecology. Part I. Ecological concepts. Aquat Conserv Mar Freshw Ecosyst
18:432-445

Davies CE, Moss D, Hill MO (2004) EUNIS Habitat Classification Revised 2004. Report to the
European Topic Centre on Nature Protection and Biodiversity. 307 pp.
http://www.eea.europa.eu/themes/biodiversity/eunis/eunis-habitat-classification#tab-
documents (last accessed 17/10/16)

Diaz R, Solan M, Valente R (2004) A review of approaches for classifying benthic habitats and
evaluating habitat quality. J Environ Manage 73:165-81

Eigaard OR, Bastardie F, Breen M, Dinesen GE, Hintzen NT, Laffargue P, Mortensen LO, Nielsen JR,
Nilsson HC, O’Neill FG, Polet H, Reid DG, Sala A, Skold M, Smith C, Sgrensen TK, Tully O,
Zengin M, Rijnsdorp AD (2016) Estimating seabed pressure from demersal trawls, seines,
and dredges based on gear design and dimensions. ICES J Mar Sci J du Cons 73:i27-i43

Elliott SAM, Arroyo NL, Safi G, Ostle C, Guérin L, McQuatters-Gollop A, Pedegimas B, Corcoran E
(2017) Working towards an ecosystem perspective: Proposals for the integration of pelagic,
benthic and food web indicators as a contribution to the EU Co-financed EcApRHA project
(Applying an ecosystem approach to (sub) regional habitat assessments), deliverable 4.1

Elliott SAM, Guérin L, Grall J. In Review. Assessing the state-pressure relationship of marine
benthos in the absence of pristine benthic habitats. Springer series

Elliott SAM, Milligan RJ, Turrell WR, Heath MR, Bailey DM (2016) Disentangling habitat concepts
for demersal marine fish management. Oceanogr Mar Biol Annu Rev 54:173-191

Elliott SAM, Turrell WR, Heath MR, Bailey DM (In Press) Juvenile gadoid habitat and ontogenetic
shift observations using stereo-video baited cameras. Mar Ecol Prog Ser:
https://doi.org/10.3354/meps12068.

EMODnet (2016) Available at: http://www.emodnet-
seabedhabitats.eu/default.aspx?page=1898#Groundtruth (accessed 26/04/16)

FAO (2010-2016) Fishing Vessel Monitoring Systems. Fishing Vessel Monitoring Systems (VMS).
VMS Programme Factsheets. In: FAO Fisheries and Aquaculture Department . Rome.
Updated .Available at: http://www.fao.org/fishery/vms/en (accessed 15/11/16)

Foden J, Rogers S, Jones A (2011) Human pressures on UK seabed habitats: a cumulative impact
assessment. Mar Ecol Prog Ser 428:33-47

Giakoumi S, Halpern BS, Michel LN, Gobert S, Sini M, Boudouresque C-F, Gambi M-C, Katsanevakis
S, Lejeune P, Montefalcone M, Pergent G, Pergent-Martini C, Sanchez-Jerez P, Velimirov B,
Vizzini S, Abadie A, Coll M, Guidetti P, Micheli F, Possingham HP (2015) Towards a
framework for assessment and management of cumulative human impacts on marine food
webs. Conserv Biol 29:1228-1234

23


http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:164:0019:0040:EN:PDF
http://www.eea.europa.eu/themes/biodiversity/eunis/eunis-habitat-classification#tab-documents
http://www.eea.europa.eu/themes/biodiversity/eunis/eunis-habitat-classification#tab-documents
https://doi.org/10.3354/meps12068
http://www.emodnet-seabedhabitats.eu/default.aspx?page=1898#Groundtruth
http://www.emodnet-seabedhabitats.eu/default.aspx?page=1898#Groundtruth
http://www.fao.org/fishery/vms/en

Applying a risk-based approach towards an integrated assessment of benthic habitat communities at a regional sea
scale

Goodsir F, Bloomfield HJ, Judd AD, Kral F, Robinson LA, Knights AM (2015) A spatially resolved
pressure-based approach to evaluate combined effects of human activities and
management in marine ecosystems. ICES J Mar Sci J du Cons 72:2245-2256

Halpern BS, McLeod KL, Rosenberg AA, Crowder LB (2008) Managing for cumulative impacts in
ecosystem-based management through ocean zoning. Ocean Coast Manag 51:203-211

Halpern BS, Walbridge S, Selkoe KA, Kappel C V., Micheli F, D’Agrosa C, Bruno JF, Casey KS, Ebert C,
Fox HE, Fujita R, Heinemann D, Lenihan HS, Madin EMP, Perry MT, Selig ER, Spalding M,
Steneck R, Watson R (2008) A Global Map of Human Impact on Marine Ecosystems. Science
(80-) 319:948-952

Hering D, Borja A, Carstensen J, Carvalho L, Elliott M, Feld CK, Heiskanen A-S, Johnson RK, Moe J,
Pont D (2010) The European Water Framework Directive at the age of 10: A critical review
of the achievements with recommendations for the future. Sci Total Environ 408:4007—
4019

Hering D, Feld CK, Moog O, Ofenbdck T (2006) Cook book for the development of a Multimetric
Index for biological condition of aquatic ecosystems: Experiences from the European AQEM
and STAR projects and related initiatives. Hydrobiologia 566:311-324

Hill JIM, Earnshaw S, Burke C, Gallyot J (2012) Reviewing and Recommending Methods for
Determining Reference Conditions for Marine Benthic Habitats in the North-East Atlantic
Region. Marine Ecological Surveys Ltd - A report for the Joint Nature Conservation
Committee, JNCC Report No. 464. Available at: http://ijncc.defra.gov.uk/pdf/464 web.pdf
(accessed 18/05/16)

Hoey G Van, Borja A, Birchenough S, Buhl-Mortensen L, Degraer S, Fleischer D, Kerckhof F, Magni
P, Muxika |, Reiss H, Schroder A, Zettler ML (2010) The use of benthic indicators in Europe:
From the Water Framework Directive to the Marine Strategy Framework Directive. Mar
Pollut Bull 60:2187-2196

Hurlbert SH, Ecology S, Jul N, Hurlbert SH (1971) The Nonconcept of Species Diversity: A Critique
and Alternative Parameters Stable. Ecology 52:577-586

ICES (2015) Interim Report of the Benthos Ecology Working Group (BEWG), 4—8 May 2015, Calvi,
Corsica, France. ICES CM 2015/SSGEPD:10. 64 pp

Jennings S, Kaiser MJ (1998) The Effects of Fishing on Marine Ecosystems. In: Advances in Marine
Biology.p 201-352

Jones CG, Lawton JH, Shachak M (1994) Organisms as Ecosystem Engineers. Oikos 69:373

Josefson AB, Blomqvist M, Hansen JLS, Rosenberg R, Rygg B (2009) Assessment of marine benthic
quality change in gradients of disturbance: Comparison of different Scandinavian multi-
metric indices. Mar Pollut Bull 58:1263-1277

Jost L (2006) Entropy and diversity. Oikos 113:363-375

Juan S de, Demestre M (2012) A Trawl Disturbance Indicator to quantify large scale fishing impact
on benthic ecosystems. Ecol Indic 18:183-190

Juan S de, Demestre M, Thrush S (2009) Defining ecological indicators of trawling disturbance
when everywhere that can be fished is fished: A Mediterranean case study. Mar Policy
33:472-478


http://jncc.defra.gov.uk/pdf/464_web.pdf

EcApRHA Project, 2017

Judd AD, Backhaus T, Goodsir F (2015) An effective set of principles for practical implementation
of marine cumulative effects assessment. Environ Sci Policy 54:254-262

Kaiser M, Clarke K, Hinz H, Austen M, Somerfield P, Karakassis | (2006) Global analysis of response
and recovery of benthic biota to fishing. Mar Ecol Prog Ser 311:1-14

Kenny AJ, Cato |, Desprez M, Fader G, Schiittenhelm RTE, Side J (2003) An overview of seabed-
mapping technologies in the context of marine habitat classification. ICES J Mar Sci 60:411-
418

Loon WMGM van, Boon AR, Gittenberger A, Walvoort DJJ, Lavaleye M, Duineveld GCA, Verschoor
AJ (2015) Application of the Benthic Ecosystem Quality Index 2 to benthos in Dutch
transitional and coastal waters. J Sea Res 103:1-13

Magurran AE (2004) Measuring Biological Diversity. African J Aquat Sci 29:285-286

Mee LD, Jefferson RL, Laffoley D d A, Elliott M (2008) How good is good? Human values and
Europe’s proposed Marine Strategy Directive. Mar Pollut Bull 56:187-204

NOAA (2006) NOAA fisheries glossary 2006. Available at:
https://www.st.nmfs.noaa.gov/st4/documents/FishGlossary.pdf (accessed 14/11/16)

Nordstrom MC, Aarnio K, Tornroos A, Bonsdorff E (2015) Nestedness of trophic links and biological
traits in a marine food web. Ecosphere 6:1-14

Oesterwind D, Rau A, Zaiko A (2016) Drivers and pressures — Untangling the terms commonly used
in marine science and policy. J Environ Manage 181:8-15

OSPAR (2012) MSFD Advice Manual and Background Document on Biodiversity Intersessional
Correspondence Group on the Coordination of Biodiversity. A living document - Version 3.2
of 5 March 2012. Approaches to determining good environmental status, setting of
environmental targets and selecting indicators for Marine Strategy Framework Directive
descriptors 1, 2, 4 and 6. Available at: http://www.ospar.org/work-areas/cross-cutting-
issues/msfd/msfd-advice-manuals (accessed 25/07/16)

OSPAR (2016a) About OSPAR. Available at: http://www.ospar.org/about (accessed 17/05/16)

OSPAR (2016b) EcCApRHA. Available at: http://www.ospar.org/work-areas/bdc/ecaprha (accessed
17/05/16)

OSPAR (2016c) Mapping habitats on the OSPAR List of Threatened and/or Declining Species and
Habitats. Available at: http://www.ospar.org/work-areas/bdc/species-habitats/mapping-
habitats-on-the-ospar-list-of-threatened-or-declining-species-and-habitats (accessed
09/08/16)

OSPAR (2016d) Ecosystem Approach. Available at:
http://www.ospar.org/about/principles/ecosystem-approach (accessed 15/08/16)

OSPAR (In Prep.a) OSPAR Draft CEMP Guideline Common Indicator BH1 Typical species
composition OSPAR Agreement

OSPAR (In Prep.b) OSPAR guidelines common indicator BH2 condition of benthic habitat. OSPAR
Agreement

OSPAR (In Prep.c) Draft indicator assessment on BH2 - Condition of Benthic Habitat Communities,
a contribution to the OSPAR Intermediate Assessment, 2017”, OSPAR. Available from July
2017 at www.ospar.org/assessments

25


https://www.st.nmfs.noaa.gov/st4/documents/FishGlossary.pdf
http://www.ospar.org/work-areas/cross-cutting-issues/msfd/msfd-advice-manuals
http://www.ospar.org/work-areas/cross-cutting-issues/msfd/msfd-advice-manuals
http://www.ospar.org/about
http://www.ospar.org/work-areas/bdc/ecaprha
http://www.ospar.org/work-areas/bdc/species-habitats/mapping-habitats-on-the-ospar-list-of-threatened-or-declining-species-and-habitats
http://www.ospar.org/work-areas/bdc/species-habitats/mapping-habitats-on-the-ospar-list-of-threatened-or-declining-species-and-habitats
http://www.ospar.org/about/principles/ecosystem-approach
http://www.ospar.org/assessments

Applying a risk-based approach towards an integrated assessment of benthic habitat communities at a regional sea
scale

OSPAR (In Prep.d) OSPAR CEMP Guideline Common Indicator BH3 Physical damage of
predominant and special habitats. OSPAR Agreement

OSPAR (In Prep.e) OSPAR Draft CEMP Guideline Common Indicator BH4 Area of habitat loss.
OSPAR Agreement

OSPAR (In Prep.f) Intermediate Assessment 2017: Ecosystem Assessment Outlook - Developing an
Ecosystem Approach. OSPAR, pp. 15

Pauly D (1995) Anecdotes and the shifting baseline syndrome of fisheries. Trends Ecol Evol 10:430

Rombouts |, Beaugrand G, Artigas LFF, Dauvin J-CC, Gevaert F, Goberville E, Kopp D, Lefebvre S,
Luczak C, Spilmont N, Travers-Trolet M, Villanueva MCC, Kirby RRR (2013) Evaluating
marine ecosystem health: Case studies of indicators using direct observations and
modelling methods. Ecol Indic 24:353-365

Samhouri JF, Levin PS, Ainsworth CH (2010) Identifying Thresholds for Ecosystem-Based
Management. PLoS ONE 5:1-10

Schmitt RJ, Craig WO (1996) eds. Detecting ecological impacts: concepts and applications in
coastal habitats. Academic Press

Schoolmaster DR, Grace JB, William Schweiger E (2012) A general theory of multimetric indices
and their properties. Methods Ecol Evol 3:773-781

Strong JA (2016) An evaluation of the Stratified Extrapolation Framework for assessing the
irreversible loss of potential habitat for four marine habitats at a regional scale. Defra
Project Code: ME5318(B)

Tett P, Gowen R, Painting S, Elliott M, Forster R, Mills D, Bresnan E, Capuzzo E, Fernandes T, Foden
J, Geider R, Gilpin L, Huxham M, McQuatters-Gollop A, Malcolm S, Saux-Picart S, Platt T,
Racault M-F, Sathyendranath S, Molen J van der, Wilkinson M (2013) Framework for
understanding marine ecosystem health. Mar Ecol Prog Ser 494:1-27

Villnas A, Hewitt J, Norkko A (2015) Evaluating the performance of benthic multi-metric indices
across broad-scale environmental gradients. Ecol Indic 58:382—391

Word JQ, Striplin PL, Tsukada D (1979) Effects of screen size and replication on the infaunal trophic
index. :123-130

Zuur AF, leno EN, Elphick CS (2010) A protocol for data exploration to avoid common statistical
problems. Methods Ecol Evol 1:3-14



ISBN: 978-1-911458-25-8

Publication Number: ECApRHA2.3/2017

This report was produced as a result of the ECApRHA (Addressing gaps in biodiversity indicator
development for the OSPAR Region from data to ecosystem assessment: Applying an ecosystem
approach to (sub) regional habitat assessments) project. The project was co-financed by the
European Union (EU). Grant No. 11.0661/2015/712630/SUB/ENVC.2 OSPAR




	WP2_3_1
	WP2_3_2
	WP2_3_3
	LR_2.3_benthic_integration_draft
	Executive Summary
	Acronyms
	1 Background
	1.1 The EcApRHA Project
	1.2 Aim and structure of the report

	2 Key issue 1 - From data to indicators
	2.1 Typical species composition (BH1)
	2.2 Condition of benthic habitat communities (BH2)
	2.3 Physical damage of predominant and special habitats (BH3)
	2.4 Area habitat loss (BH4)

	3 Key issue 2 - From indicators to habitat assessment - An integrated approach to assess benthic habitats
	3.1  Benthic habitat integrated process overview

	4 Discussion
	Annex 1 - Glossary of technical terms outlined within this document
	5 References

	WP2_3_4

