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In this study, MPAs across six European ecoregions were assessed from a benthic
ecology perspective. The study included 102 MPAs, designated by 10 countries,
and focused on three aspects regarding the role of the benthos in: (i) the designa-
tion of MPAs; (ii) the management measures used in MPAs; and (iii) the monitoring
and assessment of MPAs.

Qualitative entries to a questionnaire based on an existing framework (EU project
‘Monitoring Evaluation of Spatially Managed Areas’, (MESMA) were collected by
19 benthic experts of the ICES Benthic Ecology Working Group. A pedigree matrix
was used to apply a numerical scale (score) to these entries.

The results showed clear differences in scores between ecoregions and between
criteria. The designation-phase criteria generally achieved higher scores than the
implementation-phase criteria. Poor designation-phase scores were generally reit-
erated in the implementation-phase scores, such as scores for assessment and
monitoring.

Over 70% of the MPA case studies were found to consider the benthos to some
extent during selection and designation; however, this was not followed up with
appropriate management measures and good practice during the implementation
phase.

Poor spatial and temporal coverage of monitoring and ineffective indicators is
unlikely to pick up changes caused by management measures in the MPA. There is
concern that without adequate monitoring and adaptive management frameworks,
the MPAs will be compromised. Also, there could be an increased likelihood that,
with regard to the benthos, they will fail to meet their conservation objectives.
This assessment was successful in highlighting issues related to the representation
and protection of the benthos in MPAs and where changes need to be made, such
as expanding the characterization and monitoring of benthic species or habitats of
interest. These issues could be attributable to an ongoing process and/or an indi-

cation that some MPAs only have ‘paper protection’.

KEYWORDS

1 | INTRODUCTION

The designation and management of marine protected areas (MPAs)
is an important tool in the protection of the marine environment
from anthropogenic pressures (Klein et al., 2015). The current Aichi
Biodiversity Target 11 of the Convention on Biological Diversity
(CBD) calls for 10% of coastal and marine areas to be conserved
through MPAs or other effective area-based conservation mecha-
nisms by 2020 (CBD, 2010). Current policy recommendations are to
fully protect at least 30% of marine habitats to maximize the bene-
fits of MPAs, however (O'Leary et al., 2016). Also, regional sea con-
ventions (e.g. the Convention for the Protection of the Marine
Environment of the North-East Atlantic, OSPAR; Helsinki Conven-
tion on the Protection of the Marine Environment of the Baltic Sea

Area, HELCOM; and the Barcelona Convention) require member

benthos, coastal, conservation evaluation, marine protected area, monitoring, ocean

states to provide a coherent and representative network of MPAs
that adequately cover the diversity of the constituent ecosystems
(Ardron, 2008). Despite these recommendations, only 5.3% of the
world's ocean is protected in implemented and actively managed
MPAs today (MPAtlas, 2020).

In Europe, progress in the designation of MPAs has been driven
by many different legislative and regulatory processes since the
inception of the CBD in 1992 (CBD, 1992), from EU directives such
as the Habitats Directive (EEC, 1992) to fisheries management areas
under the EU Common Fisheries Policy (CFP, EU 2371/2002)
(Horta-e-Costa et al., 2016). Other regional initiatives such as the
OSPAR recommendation 2003/3 (OSPAR, 2003), the HELCOM
recommendation 15/5 (HELCOM, 1994), the Barcelona
Convention (1995), and the Marine Strategy Framework Directive
(MSFD, 2008) have played important roles in the delivery of MPAs.
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Marine protected areas (MPAs) are areas that have been reserved
by law, or other effective means, to protect part or all of the enclosed
environment and associated flora and fauna (International Union for
Conservation of Nature, IUCN, 2012). The MPAs should, if designed
and managed correctly, contribute to ecological resilience to various
pressures caused by anthropogenic activities, such as fishing, pollution
and climate change (Roberts et al., 2017). There is concern among
benthic ecologists that important aspects that underpin the successful
protection of marine benthic ecosystems have not been adequately
considered in the process of selecting, managing and monitoring
MPAs, despite the important role of marine benthic ecosystems in
overall ecosystem functioning. For example, gap analysis showed that
for some major invertebrate phyla (Porifera, Cnidaria, Mollusca,
Arthropoda and Echinodermata), less than 10% of the potential habi-
tat of these species was protected within MPAs (Klein et al., 2015).
Although this mismatch could sometimes relate to a sparsity of data
on the distribution of species and habitats of conservation concern,
the selection process for MPAs can sometimes be based on non-
ecological factors. For example, these might concentrate on
protecting areas defined, a priori, by criteria that are mainly linked to
local socio-economic needs (Ruiz-Frau et al, 2015), established in
remote areas with limited human activities (Jessen et al., 2017), to
protect large areas for mobile marine mammals or to secure the stock
of commercially harvested species (Lutchman, Brown, &
Kettunen, 2008). As well as the location and the ecosystem compo-
nents of the MPA, consideration of the adequate size is also important
during MPA delineation (Edgar et al., 2014), particularly when creating
zones within an MPA with different degrees of protection (Claudet
et al., 2008).

Marine benthic ecosystems provide important ecological services,
such as food provision (i.e. fisheries) and biodiversity maintenance
(Galparsoro, Borja, & Uyarra, 2014). They are particularly important in
the cycling and sequestration of carbon and the regeneration of nutri-
ents (Beaumont et al, 2007; Birchenough, Parker, McManus, &
Barry, 2012; Kent, Gray, Last, & Sanderson, 2016; Snelgrove
et al, 2018), secondary production (Renaud, Morata, Ambrose,
Bowie, & Chiuchiolo, 2007), and the mediation of organic enrichment
(Beaumont et al., 2007; Snelgrove et al., 2018). Also, benthic marine
species offer a rich source of structurally novel and biologically active
metabolites for medicinal use (Abou-Elela, Abd-Elnaby, Ibrahim, &
Okbah, 2009; Shakeel et al., 2018). Furthermore, marine benthic spe-
cies and habitats provide a wide range of recreational ecosystem ser-
vices that can be measured either by specific economic benefits
(Reynolds & Braithwaite, 2010), such as the ecotourism activities of
diving, rock-pool safaris, and recreational fishing (Barbier et al., 2011,
Beukema, 1995; Olive, 1993), or by other health, well-being, and ame-
nity benefits (Gascon, Zijlema, Vert, White, & Nieuwenhuijsen, 2017;
Hooyberg et al., 2020; UNEP, 2006; Wilson, Costanza, Boumans, &
Liu, 2005).

Marine benthic ecosystems, species, and habitats (hereafter
referred to as the benthos) are closely associated with the seabed and
exhibit either direct reproduction (non-dispersing) or are reliant on

currents and tidal flows for propagule dispersal. This close association

with the seabed makes the benthos particularly vulnerable to localized
pressures on the seabed (Coppa et al., 2016; Van Hoey et al., 2010).
Therefore, after designation, programmes of measures need to be
applied within MPAs that balance the requirement to achieve conser-
vation objectives with human activity. This should ensure that the
structure and functions of the ecosystems are safeguarded, and that
benthic ecosystems, in particular, are not adversely affected, as
defined under the EU Marine Strategy Framework Directive (MSFD;
cf. Descriptor 6: ‘Seafloor integrity’). The ecological effectiveness of
different management actions varies depending on the species or eco-
system (Dichmont et al., 2013; Mills, Jupiter, Pressey, Ban, &
Comley, 2011). This is because species-specific traits, such as life-
cycle attributes, recruitment, migration, trophic interactions, and spe-
cies interactions, affect how benthic species or habitats respond to
different anthropogenic pressures (Farina, Quattrocchi, Guala, &
Cucco, 2018; Frid, Paramor, Brockington, & Bremner, 2008). There-
fore, to successfully protect the benthos, these ‘ecological attributes’
should be considered in management actions and will require different
approaches to fulfil protection and conservation objectives
(Shanks, 2009). Gill et al. (2017) suggested that ecological factors are
key to enhancing the performance of MPAs, but effective manage-
ment measures that reduce the negative effects of anthropogenic
activities on the benthos are also essential.

Once an MPA has been designated and management measures
have been applied, the next important step is to ensure that any
changes in the state of the benthos are monitored and assessed.
Effective monitoring and assessment programmes for MPAs require
accurate baseline data, which first includes a characterization of the
habitat, identifying key species of interest and major ecological
relationships, and determines the ecological scale of the patterns or
processes of interest (at a fine scale, broad scale, or both)
(Buhl-Mortensen et al., 2017; Loh, Archer, & Dunham, 2019). Also,
these baseline data should inform the long-term design of the
monitoring and assessment programme for the MPA and should
highlight any knowledge gaps. These programmes should: be aligned
with the conservation and operational objectives of the MPA; use
appropriate indicators; be sensitive to identified stressors or
management actions; and be integrated into the wider scale of
regional monitoring programmes (Buhl-Mortensen et al., 2017; Loh
et al., 2019; Van Hoey et al., 2019).

As the Aichi Target 11 (CBD, 2010) deadline approaches, there
have been several attempts to develop tools to evaluate the
effectiveness of MPAs (Agnesi et al., 2017; Hatton-Ellis et al., 2012;
Horta-e-Costa et al., 2016; OSPAR, 2007, 2008; Pomeroy, Parks, &
Watson, 2004; Stelzenmiiller et al., 2013; Stolton & Dudley, 2016).
These initiatives, however, did not differentiate between the various
biological components under the protection of the MPA, especially
the benthic components. Furthermore, although area targets on the
whole are likely to be met by 2020, many MPAs are generally
not considered to be representative, adequate, or well managed
(Amengual & Alvarez-Berastegui, 2018; Jessen et al., 2017;
Solandt, 2018). Consequently, scientific questions remain with regards

to the evaluation and effectiveness of MPAs operating around the
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world, especially with regard to the benthos. This article addresses

the concerns outlined above, with specific consideration to the

benthos. We assessed a sample of MPAs from a range of countries

and European ecoregions, using a generic framework, based on a

combination of evidence and the objective opinion of 19 benthic

experts (members of the International Council for the Exploration of
the Sea Benthic Ecology Working Group, ICES BEWG).
The aims of this study are listed below.

1 To determine whether the benthos played an explicit role in the
designation of the MPA.

2 To assess whether management measures were in place that
directly target the benthos.

3 Establish whether there were monitoring programmes in place that
used appropriate indicators and tools to assess the effectiveness of
any management measures for the benthos, based on the
definitions used by Stelzenmidiller et al. (2013) and Stelzenmdiller
et al. (2015).

2 | METHODS

The assessment was conducted using a step-wise approach (Figure 1),
devised by members of the ICES BEWG (BEWG, 2019), by modifying
an existing assessment framework developed by the EU FP7 project
MESMA (Monitoring Evaluation of Spatially Managed Areas)
(Stelzenmdiller et al., 2013). This framework was adapted to create a
questionnaire that focused on three aspects: (i) did the benthos play
an explicit role in the designation of the MPA; (ii) are management
measures in place that directly target the benthos; and (iii) is there a
monitoring programme in place that assesses the effectiveness of the
protection measures for the benthos, using appropriate indicators and
tools?

For this study, a group of 19 benthic experts were consulted in
the development of the questionnaire, guidance notes, and data col-
lection, who were all active members of the ICES BEWG and active
benthic researchers and advisers (BEWG, 2019). Although these
experts were experts in benthic ecology, they did not necessarily have
specific expertise with MPA selection or management, which reduced
any bias in the selection of the MPA case studies and the application
of this framework. These experts were responsible for selecting the
MPA case studies from their own ecoregion (see section 2.2) and col-
lating the data required to complete the questionnaire (see sec-
tion 2.3). These data were used to score the MPA case studies, using

a pedigree matrix to enable numerical comparison.

2.1 | Consensus of standard definitions

Information for this questionnaire was derived from many sources

(Table S2), and so standard definitions were agreed upon.

MPA: any area of the intertidal or subtidal terrain, together with its
overlying water and associated flora, fauna, historical, and/or cultural

features, which has been reserved by law or other effective means to
protect part or all of the enclosed environment (IUCN, 2012).
Benthos: the benthos is comprised of all organisms that live at the
bottom of a body of standing or running water. The layer that the
benthos occupies is called the benthic zone, which is the lowest layer
of a lake, sea, stream, or river. This zone ranges from the shallow
depths, where water meets land, to extreme depths. Benthos can
either be observed crawling, burrowing, swimming near the bottom,
or staying attached to the substrate (Biologydictionary, 2019). For this
study, the types of benthos include flora, infauna, epifauna, hyper-
fauna, bentho-pelagic fish, and their habitats.

2.2 | MPA case study selection and validation

The MPA case studies included in this assessment were primarily
selected by the benthic experts for each ecoregion, based on the
availability of both benthic experts from the ecoregions within the
ICES BEWG (BEWG, 2019) and the availability of data. The most
readily available data source for the assessment would have been for
MPAs designated under the OSPAR/HELCOM guidelines; however,
the authors concluded that a broad range of types of MPA, including
fisheries protection areas and protected feeding areas for birds, would
provide the best overall picture of how the benthos were represented
and protected. Therefore, there was no requirement to intentionally
select MPA case studies that had been designated specifically for the
protection of the benthos. This selection process created a total of
102 MPA case studies from 10 countries spread over six ecoregions
(Baltic Sea, Barents Sea, Celtic Sea, Greater North Sea, Norwegian
Sea, and Western Mediterranean Sea; ICES, 2017) (Figure 2a; Tables 1
and S1). These case studies also included two Spanish sites that were
on the border with France and were included in the French data to
simplify the test for representativeness.

To ensure that the MPA case studies selected for this study were
representative of all MPAs in each ecoregion, with regards to type,
distribution, size, and position, the MPA case studies were compared
with a full list of MPAs in the same ecoregions from a benchmark
dataset: the World Database of Protected Areas (WDPA), a joint pro-
gramme between the United Nations Environment Programme World
Conservation Monitoring Centre (UNEP-WCMC) and the IUCN
(UNEP-WCMC and IUCN, 2019). The WDPA database was down-
loaded and filtered to select for marine sites in the countries that con-
tributed to this study (excluding any overseas territories). Also,
terrestrial sites (e.g. landscape protection zones or protected dunes
and sites where the terrestrial area was more than 80% of the
reported whole site area), estuarine sites, and any duplicates (as a
result of multiple designations for the same area) were removed by
geographic information system (GIS) analysis. The remaining sites
were then assigned to an ecoregion. The total number, percentage,
and areal size per ecoregion of the contributory countries were calcu-
lated and compared based on this edited version of the WDPA data-
base (WDPAe). At the ecoregion level, this study compiled data from
about 10% of the MPAs listed in the WDPAe, except in the Barents
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FIGURE 1 Schematic diagram for the
framework methodology (WDPA, World
Database on Protected Areas)

Research questions
(i) Did the benthos play an explicit role in the designation of the MPA?
(ii) Are management measures in place that directly target benthos?
(iii) Is there a monitoring programme in place that assesses the effectiveness of the
protection measures for the benthos?

An;ly;{cal ste:s 0

Achievements

Framework and Definitions

1. Selection of an appropriate The EU FP7 project MESMA framework
framework was chosen (Stelzenmaller et al.,2013)

2. Consensus on standard definitions — Definitions of MPA and Benthos

_

24

Case study selection and validation
3. Selection of benthic experts and case
studies based on availability of both [ ——]
experts and data for each ecoregion

4. The selected MPA case studies were At the ecoregion level, data were
compared with a benchmark dataset —] compiled from about 10% of the MPAs
(WDPA) listed in WDPA list (Table 1)

19 experts and 102 case studies from
10 countries and 6 ecoregions

5. GIS used to define categories based Case study representation confirmed in
on distance to the coast and depth to S 4 categories: coastal-shallow, coastal-

determine representivity of case studies deep, offshore-shallow, offshore-deep

7. Creation of clear guidance notes ———=>  Consistent interpretation of the questions

Data collection
6. Development of a questionnaire 19 questions in 4 sections: metadata;

adapted from the MESMA framework ——  context; designation phase;
implementation phase (Table 2)

8. Benthic experts collated data on the Data and information sources for all 19

102 selected MPA case studies ———>  compiledinto questionnaire spreadsheet
. ] . 14 summary criteria chosen and data
9. Questions chosen to be included in ———>  presented ina summary table (Supp.

the summary criteria (Table 3) Info., Tables S1 and S2)

A4

Scoring of data

— 9 quality criteria chosen (Table 3)
Pedigree matrix (adapted from
Stelzenmiller et al.,2015) used to set a

numerical scale of score levels (0-4)
(Table 4)

10. Quality criteria chosen to evaluate
and quantify the questionnaire responses

11. A numerical scale was devised to
assess the quality criteria responses for —_

the MPA case studies

Quantification of benthos representationin MPAs
Quantification of the questionnaire responses by scores
Statistical analyses of the representation and protection of the benthos in MPAs based
on scores
Results of the multivariate analyses of scores for the summary criteria interpreted and
consequences discussed

Sea and the Norwegian Sea (6 and 5%, respectively) (Table 1).
Although the numbers of MPA case studies in these ecoregions were
equivalent to those in other ecoregions, these percentages were
lower as there are a large number of small MPAs in these ecoregions,
and comparing large numbers of small, very similar, MPAs would not
be constructive. The GIS analysis also determined the distribution,
depth, and position relative to the shore of the MPA case studies.
There was good latitudinal distribution of the MPA case studies across

European waters, from the north of Norway to Sardinia (Figure 2a),

but there were some gaps in the geographic distribution of the case
studies (e.g. the English Channel, some portions of the Western Medi-
terranean Sea, such as the south coast of Spain, the south-east coast
of France, and the west coast of Italy, and the eastern portion of the
Baltic Sea; Figure 2a) that arose from the lack of a representative
expert from these areas.

All MPA size categories (i.e. <1, 1-10, 10-100, and >100 km?
were present (Figure 2b). Although the majority of the MPA case
studies (73%) were coastal-shallow (i.e. <12 nautical miles from the
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FIGURE 2

(a) Distribution of the 102 marine protected area (MPA) case studies and ecoregions considered in this study. (b) MPA case study

surface areas (criterion i, km?). (c) Position from coast (criterion iii, nautical miles): C, coastal (<12 nautical miles); O, offshore (>12 nautical miles).
Depth (derived from GIS maps, m): S, shallow (<50 m); D, deep (>50 m)

TABLE 1

Region

Baltic Sea

Barents Sea
Celtic Sea

Western
Mediterranean

Greater North
Sea

Norwegian Sea

Totals

Country
All
Germany
Poland
Sweden
Norway
UK

All

Italy
France®
All

UK
Belgium?®
Netherlands®
Germany
Norway
Sweden

Norway

No MPAs in
study

28
9
9

10
6

12

13
5
8

36

10
5

7
102

% WDPA

No WDPA  MPAs in

MPAs
246
26
12
208
96
123
127
92
35
374
42

260
55
154
1,120

study
11
35
75
5
6
10
10
5
23
10
17
120
160

Vo 0o M O

Bold text indicates that these numbers are the totals for each ecoregion.
Includes two Spanish sites that are on the border with France (Table S1).
PThese regions included protected areas that were not in the WDPA.

% MPA case

studies
<1 km?

O O O O O o o o o

= =
N O R,

30

% WDPA
MPAs
<1 km?

38
12
0
43
76
0
17
22
3
66
0
40

89
25
84
50

% MPA case
studies
<10 km?

7
0
11
10
17
0
23
0
38
28
14
17

80

16

Marine protected area (MPA) case studies in this study compared with data from an edited version of the World Database of
Protected Areas (WDPAe) (UNEP-WCMC and IUCN, 2019)

% WDPA
MPAs
<10 km?

72
19
17
82
95
16
50
63
17
80
14
40

0
14
97
67
97
72
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TABLE 2
Stelzenmiiller et al., 2013)

Section

(a) Metadata

(b) Context setting

(c) Designation phase (existing data
and information available at time of
designation)

(d) Implementation phase (data and
information pertaining to current
situation for assessment and
monitoring)

Question

ICES ecoregion
MPA name
Country

i. Area coverage (km?)

ii. Year of MPA designation

iii. Coordinates

iv. Primary driver for the designation of

MPA

1a. Benthos considered in original
designation?

2ai. Benthic components

2aii. Benthic information gathering tools

2bi. Human activity conflict
analysis/overlap assessment
conducted

2bii. Number of activities identified

2c. Management measures on the
benthos

2d. Benthic disturbance banned from
whole MPA

3. Benthic indicators (or descriptors)

4a. Assessment of state of the benthos

4b. Monitoring of the benthos

5. Auditing

Response
format

Free text (<100
words)

Free text (<100
words)

Free text (<100
words)

Free text (<100
words)

Drop-down list

Free text (<100
words)

Free text (<100
words)

Free text (<100
words)

Free text (<100
words)

Free text (<100
words)

Drop-down list

Free text (<100
words)

Drop-down list

Free text (<100
words)

Drop-down list

Questions developed and applied to collate data for the marine protected area (MPA) case-study questionnaire (adapted from

Guidance

Converted to km? for results

For the ‘central’ point

Legislation or, if not, conservation

Did the benthos play an explicit role in
the designation of the MPA?

List benthic components, e.g. broad
habitat types, species type, or species
if any

List information tools, e.g. quantitative
surveys, habitat maps/Species
distribution models (SDMs), qualitative
surveys

Was a conflict analysis (overlap
assessment) conducted

Which and number of possible conflicts
of human activities on the benthos
were identified?

Measures that explicitly target the
protection of the benthos

Any disturbance that would impact
benthic species and habitats. This
includes ‘no-take’ zones, which are
used to identify an area of the sea
completely protected from all
extractive activities that would impact
benthic species and habitats (e.g.
bottom-trawling fisheries, sediment
extraction, anchoring, or recreational
shellfish harvesting)

What indicators for measuring
management effectiveness have been
chosen, identified, or withheld? None
or in development acceptable

What if any tools were used to assess
the state of the benthos, e.g. detailed
survey, habitat mapping, data from
secondary sources, such as by-catch
data?

Were data on the benthos collected
through monitoring programmes or
dedicated studies to assess the
management effectiveness (e.g.
through the selected indicators)?

Were the data on the benthos collected
in step 4 assessed against the

(Continues)
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TABLE 2 (Continued)

Section Question

6. Adaptation

7. Literature/web sources

shore and <50 m in depth), there were case studies from all the other
position-depth categories: i.e. coastal-deep (three MPAs; <12 nauti-
cal miles from the shore and >50 m in depth), offshore-shallow
(10 MPAs; >12 nautical miles from the shore and <50 m in depth), and
offshore-deep (15 MPAs; >12 nautical miles from the shore and
>50 m in depth) (Figure 2c). Thus, the case studies selected for this
study were deemed to be a pragmatic but representative sample of
the MPAs in these ecoregions.

2.3 | Data collection

The evidence-gathering exercises were conducted by benthic experts
of the ICES BEWG in 2017. All data for the MPA case studies chosen
for this study were collected for further analysis, using a question-
naire, and then recorded in a spreadsheet (Table S1). In addition, the
sources used to derive the data were also recorded (Table S2). These
sources included legal documents, official policy documents, published
reports, and peer-reviewed articles.

The questionnaire was based on a framework developed by the
EU FP7 project MESMA (Stelzenmdiller et al., 2013) to enable the
monitoring and evaluation of spatially managed marine areas in a stan-
dardized way. The MESMA framework consisted of seven overarching
steps. For this study, the assessment was based on three of these
steps, and the associated substeps: (i) context setting; (ii) the availabil-
ity of existing information; and (iii) assessment and evaluation. These
steps and substeps of the MESMA framework were adapted to incor-
porate key elements of MPA selection that may alter the effective-
ness of an MPA to protect the benthos within it. Questions and clear
guidance notes were formulated and adjusted to ensure an unambigu-
ous interpretation of the questions. This resulted in 19 questions, dif-
ferentiated by four sections: (a) metadata; (b) context setting (size,
position, year of MPA designation, and primary legislative driver);
(c) designation phase (existing data and information that were avail-
able at the time of designation); and (d) implementation phase (data
and information pertaining to the current situation for assessment
and monitoring) (Table 2).

After the questionnaire was completed, the question responses
were collated by the two lead authors and summarized into 14 sum-
mary criteria (Table 3). These summary criteria were differentiated by:
context (criteria i-iv); designation phase (criteria 1a-2d); and imple-

mentation phase (criteria 3-4b). The full summary data and

Response

format Guidance

anticipated effect of the management
measures, i.e. is it ‘fit for purpose’?

Drop-down list Did/does the monitoring

strategy/management plan include a
process for changing the management
plan, indicators, monitoring, etc.?

information sources used are listed in Table S1, and were used to add
context when interpreting the data. The summary criteria for the des-
ignation phase included information on whether the benthos was con-
sidered in the original designation of the MPA, which benthos were
included, and how this information was collected. These are important
because accurate baseline data are essential for onward monitoring
and assessment and to ensure that the species and habitats of primary
importance for conservation are represented. Also, the designation
criteria included information on the impact of human activities on the
benthos and any management/conservation measures present. It is
important to consider these at the designation phase because human
activities that could be damaging to the protected species or habitats
should be recorded at the outset, to ensure that relevant mitigating
measures can be applied.

In order to express the quality of the responses to the question-
naire on a numerical scale that would facilitate further analyses, the
pedigree matrix approach from Stelzenmidiller et al. (2015) was chosen
and adapted. A pedigree matrix provides distinct definitions for
selected quality criteria spread over a numerical scale or scoring levels.
In this study the pedigree matrix was based on nine quality criteria,
selected from the original 14 summary criteria (Table 3). Two of these
quality criteria, ‘Benthic ecosystem components and tools’ (crite-
rion 2a) and ‘Impact of human activities on the benthos’ (criterion 2b)
used data combined from multiple questions (Tables 2 and S1). Defini-
tions for the nine quality criteria for score levels 0-4 (0, low quality;
4, high quality) were determined (Table 4). These definitions and scor-
ing levels were defined, refined, and agreed upon during discussions
at ICES BEWG annual meetings. Scores were based on levels from
Edgar et al. (2014) for size and Rodriguez-Rodriguez, Sciberras, Foster,
and Attrill (2015) for general guidance for setting the scaling levels for
the monitoring and assessment criteria. The range of scores for the
designation phase (five criteria, 1a-2d) and the implementation phase
(three criteria, 3-4b) were 0-20 and 0-12, respectively. These scores
enabled the quantification and analysis of the questionnaire responses
(the full results are listed in Table S3), and allowed the data to be inter-

rogated separately depending on the phase.

2.4 | Statistical analysis

The data were visualized as histograms using r (R Core Team, 2013)

and box plots using sicMa pLoT 10 (Systat Software Inc., San Jose, CA)



A A A
XL3e|N 92431pad 10§ pa1d3Jas

WILEY_| 2

%3} 3.4 %3} 23.4 %3} 93.4
soy3uaq Jo SULIOHUOA ‘O SOU3IU(Q JO 91e)S JO JUSWISSISSY "BY (s103dLIDSOp J0) SI03EDIPUI DIYIUDY "€

aseyd uopejuswajdwy

A A A A A
XU3e|n 92.481pad 410) pa123Jes
SUON=N
O4u] ON =X sajewnns3y=3
0ju] ON=X Jaquinu 3[8uls/Moj=T SEISINEIN
pasodoid=d (£-2) @1e49pOWI=|N 0ju] ON=X SASAINS=G s9129dS=§ ON=N
ON=N (€<) ysiy=H ON=N de SI9=9 Jo/puesieliqey=H 3o341pY| = |
N/A SOA=A SUON=N SOA=A 2Jnjesdy=1 SUON =N UOI1eJSPISUOD Ule|A =|A
Pa3ONPUOD JUBWISSISSE
VdIN 2]0ym woly pauueq soyjuaq uo pali3uapl Sa13IAIROe dejano /sisAjeue 3011Ju0d sjuauodwod d1yuaq sjusuodwiod uoneusisap
90UBqUNISIP JIYIUSg ‘PZ  SaJNSeaw JuswaSeuely O  uewny jo JSquinN I'qg :A}AIOB UBWNH "I'qZ uo uoljewloyu] ‘Ireg Jlyuag reg |euiS1IO Ul paJapIsSuod soyjuag ‘el
aseyd uoneusisaq
N N N A
XU3en 92.481pad 410} pa123Jes
deaq=@
MOJ[eYS=S
paulquod=3 puy
|euolleN=N I0YsHO=0
|euoljeulau|=| |e3seoD=>D #10C 89 W
J19AQg Adewnid ‘Al uonisod uoljeusisa( Jo JeaA ‘Il VdW Jo 9zIS ‘I

IXa3u0)

(TS 2|qe. ul 3|qejieAe eyep ||ny) e3ep dileuuoi}sanb Alewwins ayj Joj sjewoy asuodsas pue sSulpesH € 374V1

GREATHEAD ET AL



GREATHEAD ET AL

2e | WILEY

pauueld uo
pajuswa|dwii

awweJi3oud
Supiojuow oN

VdIN 0}
pa3ed1pap jou
inq pauueld
swweJi3oud
3ulojUO|N

VdIN

03 pa3edipap

pue pauueld

swuwe3oud
uriojluop

VdIN

03} pa3edipap

jou inq

pajuswa|dwil

swuweJsSoid
3uliojluo|p

VdIN

0} pajedipsp

pue

pajuswa|dwi

swuweJs3oid
Sunojuoln

soyjuaq ay3 jo
Sulo)Uo “qf

pauueld
10 pajuaws|dwi
JUBWISSASSE ON

pajuswiajdwi jou
1nqg papualui 4o
pauue|d JUsWISSassy

Ajljigelaa uo
SNSUISUOD pajiwi|
ng poyjsw
9|qejdande

ue 3uIsn passassy

pasn Ajuowwod
‘poyisw 3jqeljal
e uisn passassy

asn
PaySI|qeISS -[|oM
‘9o130e4d 3|qe|ieAe
359 8uisn passassy

soyjuaq

3y} jo agess
JO JUBWISSASSY “Bf

pauued
10 pajuswa|dwi
$103e21pul ON

pajuswsa|dwi jou
1nqQ papuajui Jo
pauue|d sio3edipu|

sdiysuoijelas
J13Y3 uo
98pajmou paywi|
nq papnjul
aJe syusuodwod
wI)SAs022

Jofew awog

sdiysuorjefau Jisyy
uo a3pajmou|
Jlej Ing pspnpaul
sjuauodwod
WI3)SAS023

Jofew 1so|n

umouy| pue
paysiigelss jam
aJe sdiysuoneal
pue papnjoul
sjusuodwod

W9)SAS029 ||e AlJeaN

(s403dL1dsap
10) s103ed1pul
dlyjusg ‘g

pauueid Jo
pajuawa|dwil
SAherul

o