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ABSTRACT:

Fishing has long been considered the most impactful human activity on the marine ecosystem. To
adopt ecosystem-based fisheries management (EBFM) requires consideration of all human impacts,
not just those of fishing. The ODEMM (Options for Delivering Ecosystem-based Marine
Management) approach provides an integrated ecosystem assessment that is a flexible, cost-
efficient and expert-based. The framework traces the sectors affecting the marine environment, the
pressures they create, and the ecological characteristics affected. This research presents the first
application of the ODEMM framework outside of the ODEMM project, completed for Ireland’s
marine waters. The assessment places fishing in the context of other anthropogenic pressures and

highlights areas of threat to Marine Strategy Framework Directive (MSFD) descriptors. From 1,8749
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impact chains, just 5960 (445 of which were attributed to the fishing sector) account for 64% of the
Total Risk score, highlighting areas for management action with a high risk-reduction return. Of the
sectors, The analysis showed Waste Water to have the highest average risk of all sectors, followed
by Land-based Industry, Fishing and then Shipping. In terms of total risk, Fishing was the most
important sector, due to its high connectance to many ecosystem components and widespread
influence, even though many of the impacts are relatively low and the components impacted show a

high degree of recoverability. Litter was found-to-be-the-highestriskidentified as the pressure with

the highest total risk scores (average and summed) due to its persistence, and widespread reach.

Among the ecological characteristics, Bdeep water habitats that have low resilience to pressures

showed the highest average total risk, yet the highest impact risks were for ecological characteristics
that were closer to land and were impacted more frequently. These conclusions highlight the
importance of context and interpretation in the analysis. The impact chains were further linked
through to the MSFD environmental status descriptors, indicating Biological Diversity and Food Webs
as the descriptors most at risk, followed by Sea-floor Integrity. As the first independent application
of the method, issues arose with interpretation of some categories and definitions, and some

modifications are discussed.

Overall, this has proven a valuable exercise for helping to identify management priorities. The
analysis presented provides useful context for EBFM and a basis for decision making and trade-off
analysis for Ireland. The ODEMM framework employed offers a comprehensive, adaptable, globally-
applicable tool to guide ecosystem management and the decision-making process, by highlighting

risk areas and priorities for management action and research.

KEYWORDS: ecosystem-based fisheries management, integrated ecosystem assessment, risk

assessment, ODEMM, MSFD.
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1. INTRODUCTION:
Today’s ecosystems are widely recognized as being highly impacted and extensively modified by
human activities (Firth et al., 2016; Halpern et al., 2008, 2007; Millennium Ecosystem Assessment,
2005; OSPAR Commission, 2010). We struggle to balance our aspirational goals of sustainable
management (e.g. Sustainable Development Goal 14: “Conserve and sustainably use the oceans,
seas and marine resources” (United Nations, 2015)) with an increasingly developed world and rising
population levels (Meadows et al., 2005). Improved knowledge and recognition of the multitude of
anthropogenic pressures affecting natural ecosystems has resulted in broad acceptance that
ecosystem-based management is essential for the effective conservation and management required
to maintain ecosystem services (European Environment Agency, 2006; Halpern et al., 2008; Levin et
al., 2009; OSPAR Commission, 2010; Pikitch, 2004). Ecosystem-based management requires
consideration of the whole suite of anthropogenic pressures affecting entire ecosystems, rather than
focusing on individual components (Borja et al., 2016; Halpern et al., 2007; Harvey et al., 2017;
Hilborn, 2011; Levin et al., 2009). In recent years, legislation and policy have also moved in this
direction, increasingly requiring scientists and managers to be holistic in their work, advice, and
decision-making, rather than looking at single or few elements in isolation (e.g. Marine Strategy
Framework Directive (MSFD; European Union, 2008), Common Fisheries Policy (CFP; European
Union, 2013), Maritime Spatial Planning Directive (MSPD; European Union, 2014), Magnuson—
Stevens Fishery Conservation and Management Act (MSA: Magnuson-Stevens Fishery Conservation
and Management Act., 1996), Australia’s Oceans Policy (Environment Australia, 1999), Canadian
Oceans Act (Department of Fisheries and Oceans, 1996); Oceans Act of 2000 (US Congress, 2000),
South African National Water Act (Government of the Republic of South Africa, 1998), etc.). Within
Europe, the MSFD specifically enshrines the ecosystem approach in a legislative framework to
manage European seas in a sustainable, holistic manner, through establishing (by 2020) and
maintaining ‘good environmental status’ (GES) of the marine ecosystem (European Union, 2008).

The current CFP specifically aims to deliver economically, environmentally and socially sustainable
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fisheries. The CFP also acknowledges that the impacts of human activities on all components of the
ecosystem are not fully understood, and makes specific references to multi-annual ecosystem-based
management plans (European Commission, 2018; European Union, 2013). The MSPD requires us to
manage our waters more coherently by ensuring cross-sectoral human activities at sea take place in
an efficient, safe and sustainable way (European Union, 2014). Taken together, these Directives
require us to look at fisheries in the context of the suite of other human induced pressures affecting

our marine ecosystems.

Efforts to implement ecosystem approaches to fisheries management (EAFM) and ecosystem-based
fisheries management (EBFM), as well as the necessary research to underpin them have increased
dramatically in recent years (Borja et al., 2016; Korpinen and Andersen, 2016; Pitcher et al., 2009;
Trochta et al., 2018), partly in response to legislation. However, actual practical tactical
implementation of EBFM in the real world has been much rarer (Borja et al., 2011; Skern-Mauritzen
et al., 2016). Efforts have ranged in scale and ambition, from simply incorporating some ‘ecosystem
knowledge’ into single species assessment models at one extreme, to building complex ecosystem
models that incorporate the suite of Drivers, Activities, Pressures, State, Impacts (human Welfare),
management Responses (as Measures); (sensu DAPSI(W)R(M) after Borja et al., 2016). Ecosystems
approaches by definition should include all sectors (Borja et al., 2016; Dickey-Collas, 2014; Fitzpatrick
et al., 2010), yet they rarely do (but see Knights et al., 2015). It is perhaps the daunting complexity of
what can and/or should be included in EBFM that has led to the rarity of ‘real-world’
implementation, yet in order to advance EBFM, fisheries (and its pressures) must be placed within
the context of the wide range of others sectors and the pressures they create if measures are to be

in anyway effective.

Common perception often assumes that fishing is the sector creating the most pressures, affecting
the widest range of ecosystem components, and with the greatest impact. However, is this really the

case? And if so, does it apply everywhere equally? What pressures beyond ‘extraction of species’
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and ‘sea floor degradation’ does it create, and which ones should we be most concerned about? And
importantly, is focusing on fisheries the most efficient way to reduce risk and pressure on the marine
environment? Many questions remain, and thus much is to be gained by placing fisheries within the

wider context of the ecosystem.

To deliver holistic ecosystems-based marine management, managers must know the causal drivers
of impact if they are to be managed (Knights et al., 2014). Integrated ecosystem assessments (IEA’s)
have been proposed as a framework to facilitate ecosystem-based management, and to steer
management efforts to achieve multiple objectives (Dickey-Collas, 2014; Harvey et al., 2017; Levin et
al., 2014, 2009). IEA takes a birds-eye view to assess the suite of pressures that co-exist, identify the
sectors that cause them, and the ecosystem components affected by them, thus providing the
context in which the sectors and pressures operate. Conceptually, IEA is both simple and sensible,
yet implementation is more difficult (Dickey-Collas, 2014; Walther and Méllmann, 2014). The data,
monitoring and modelling requirements of full ecosystem based management are many and
daunting (Borja et al., 2016; Harvey et al., 2017; Hilborn, 2011; Hobday et al., 2011; McQuatters-
Gollop, 2012). Inevitably an extensive list of pressures and threatened ecological components results
from such an IEA, and resources are rarely, if ever, sufficient to address them all (Halpern et al.,
2007). Therefore tough decisions must be made, and priorities specified. IEA can play a central role
in the decision-making process by providing holistic information that is based on best available
understanding and knowledge, which then allows comparisons and judgements to be made (i.e.
identification of trade-offs) and the most appropriate objectives for management to be determined

(Walther and Méllmann, 2014).

There are many tools and stages in the IEA toolbox that are applicable at a range of scales (Harvey et
al., 2017; Levin et al., 2014, 2009). One key element, however, is risk assessment (Battista et al.,
2017; DePiper et al., 2017; Fletcher, 2015; Hilborn, 2011; Hobday et al., 2011; Holsman et al., 2017;

Korpinen and Andersen, 2016; Slater et al., 2017). In broad terms, risk assessment comprises
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identification (scoping) of relevant pressure elements to include in your assessment (in consultation
with stakeholders),ar¢ an analysis of the ‘susceptibility’ of ecosystem components, and their ability
to recover (‘resilience’) post-impact (Levin et al., 2009). Assessments may be quantitative (i.e.
indicator-based, see review in Borja et al., 2016), qualitative (e.g. ODEMM, Robinson et al., 2014), or
a mixture of the two (e.g. Bayesian Network Analysis, Fletcher et al., 2014); indeed a wide range of
methodologies for applying such risk assessments exist (see Korpinen and Andersen, 2016).
Quantitative and qualitative assessments are not mutually exclusive, in fact they are often

complimentary, each filling the gaps left by the other and can be used together in a series of steps.

In 2014, the ODEMM project (Options for Delivering Ecosystem-based Marine Management, FP7,
http://odemm.com/; Robinson et al., 2014) developed a flexible, adaptable and relatively quick and
cost-efficient tool that can be tailored to requirements in order to allow the identification and
assessment of risk. ODEMM grew out of the OSPAR Quality Status Report methodology (OSPAR
Commission, 2010; Walther and Méllmann, 2014), building upon it, while refining the process and
developing outputs. The framework traces the causal links of impact (i.e. pressure mechanisms or
‘impact chains’, sensu Knights et al., 2015) between multiple sectors and the marine environment,
‘to provide the structure within which management options can be explored’ (Robinson et al., 2014).
Scores which detail the spatial extent/overlap, frequency of occurrence, degree of impact,
persistence and resilience for each pressure pathway, based on pre-determined categorical
thresholds are then assigned by an expert panel informed by data and supported by a cross-check
methodology. Through the process, all available information can be incorporated, along with tacit
knowledge and expert judgement where data gaps exist. From this assessment, products that are
easily interpreted and understood can be created that facilitate the communication of complex
messages in a relatively simple format to non-scientists such as policy-makers and stakeholders. This
simplicity is critical for enabling the entire suite of ecosystem threats to be observed and understood
(Borja et al., 2016). It places each sector and pressure in context of wider human activity, facilitating
decision-making and prioritization exercises. Here, we present a risk assessment framework, based

6
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on the ODEMM approach, for Ireland’s marine waters to inform ecosystem management within the
context of the MSFD, CFP and MSPD, and to place fisheries within the context of wider

anthropogenic pressures.

2. MATERIALS & METHODS:
The study area was taken as all of Ireland’s marine waters (Irish EEZ), encompassing parts of the Irish
and Celtic Seas, and the Atlantic Ocean. The ODEMM approach (Robinson et al., 2014) was adopted
as the best available means of rapidly and efficiently assimilating expert input into an integrated
assessment for the purposes of determining the key pressures acting on the Irish ecosystems and
their components. The Irish EEZ expert panel assessment was first attempted in 2012, with the
intention to inform Ireland’s MSFD Initial Assessment. Only Irish sectors affecting Irish waters were
considered, as the aim was to produce a tool to aid in national decision-making. The expert panel
were volunteers, and consisted of 43 scientists, advisors and policy-makers from national state
agencies and scientific institutions. Details as to the institutes and areas of expertise can be found in
Appendix A, Table A.1. Participants were assigned to one of four groups based on their expertise;
Group 1 - Predominant Seabed Habitats; Group 2 — Predominant Pelagic Habitats, Fish,
Cephalopods; Group 3 — Contaminants; and Group 4 —-Mammals, Birds, and Reptiles. Each group had
a chair to ensure smooth running and adherence to the protocol. Participants were provided with a
‘pilot assessment’ carried out by the assessment team and informed by publically available maps

and monitoring data (e.g. http://data.marine.ie/). Participants contributed expert opinion and

institutionally held data to assign the categorical evaluations (outlined below) to the preliminarily

identified pressure-pathways, and to add/remove pathways as they saw fit.

Scores were applied with a ‘current status’ and ‘standard practice’ view (i.e. business as usual rather
than potential risk assessment). Majority assessment was applied to the scoring of broad ecological

components; i.e. where habitats were assessed, emphasis was on assemblage and ecosystem
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functioning rather than focused on single species. Consensus was sought from the panels; best

evidence/majority rules applied where consensus was not immediately forthcoming.

The Irish waters categories differed from the original ODEMM categories, as some sectors and
pressures were not applicable in Irish waters, i.e. the removal of sectors and pressures, such as
nuclear energy, and introduction of radionuclides (see Appendix A, ‘Comparison’ Tab for full
comparison). The pressure introduction of microbial pathogens was removed due to limited
knowledge/expertise of this pressure and its potential impacts. The list of ecosystem components
used was increased from 11 to 28 groups in order to provide greater resolution of impacts on
regionally important, species groups, pelagic habitats, and benthic habitats, structured by depth and
relevant to the MSFD initial assessment (see Figures 1 & 2). Finally, as our area of interest is
primarily on the impacts of fishing, and its placing in context with of all other marine pressures, we
included the pressure of bycatch, to distinguish from targeted species extraction and incidental loss

of species/death or injury by collision.

A ‘linkage framework’ (White et al., 2013) and ‘pressure assessment’ (Robinson et al., 2013) were
produced as outputs from the assessments. The linkage framework was built by identifying ‘links’
between elements of the framework, e.g. between a sector and a pressure, and between a pressure
and an ecological characteristic. ‘Linkage chains’ consist of pathways between multiple elements of
the framework (i.e. tracing a potential impact from a sector and the pressure it creates to the
ecological characteristic affected). Each one of these linkage chains was assessed by the expert
panels to assign broad qualitative categories (see Table B1 in Appendix B) to each of 5 assessment
criteria; overlap (spatial), frequency of occurrence, degree of impact, persistence (of the pressure),
and resilience (of the ecological characteristic) (Robinson et al., 2014) based on the best available
knowledge. These qualitative scores were then converted into numerical scores for further analysis

(Table B1 in Appendix B).
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At the time of the original implementation (2012), the ODEMM project was still ongoing and thus
the rules and the guidelines were yet to be finalized. As a result, issues arose with this
implementation, particularly around consistency and interpretation of the non-finalized rules and
definitions. Therefore, an assessment review was carried out in 2015/2016, using the updated
ODEMM guidelines (Robinson et al., 2014; and references therein), and in consultation with one of
the original ODEMM team (Dr. Antony Knights). This review and crosscheck process, a common and
essential feature of such assessments (Robinson et al., 2013) flagged inconsistencies in particular
areas, such as benthic habitats and in relation to the ‘contaminants’ pressures (i.e. ‘synthetic
compounds’, ‘non-synthetic compounds’, and ‘organic inputs’). As such, expert panels in these fields
were re-convened to review and adjust the previous assessment. The benthic panel consisted of

seven of the original Group 1, and the Contaminants Panel consisted of five of the original Group 3.

Following the guidelines provided in the ODEMM guidance documents and published papers ( for
full methodological details see: Knights et al., 2015, 2013; Robinson et al., 2014, 2013; White et al.,
2013) ‘Proportional Connectance’, ‘Impact Risk’ (product of the ‘overlap’, ‘frequency’ and ‘degree of
impact’ scores) and ‘Recovery Lag’ (product of ‘resilience’ and ‘persistence’ scores) boxplots and
estimates were produced in R. The code used to produce these estimates is publically available for

use at (http://github.com/PaulBouch/ODEMM Celtic Sea). The Impact Risk scores were log

transformed to allow better visual comparison between the scores and their ranks. Both the sum
and the means were used in the ranking process to avoid the methodological influence and bias that
can be introduced through the use of only one method— both methods of aggregation are influenced
by the number of impact chains present although ‘summation’ is less sensitive to such fluctuations.
Bias was further mitigated by selecting the highest impacting individual linkage chains to
recommend foci for action to decision-makers. These highest risk chains were identified by ranking

the risk scores (Total Risk, Impact Risk and Recovery Lag) as outlined in Piet et al. (2015).
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The Irish assessment was further related to the MSFD descriptors (categories of environmental
status for which GES must be achieved in European marine waters by 2020: European Union, 2008),
however this was approached in an alternative manner to the original ODEMM project. Instead of
using a combination of existing assessments and expert knowledge to assess which descriptors were
most at risk of departure from GES (Breen et al., 2012; Knights et al., 2011a; Robinson et al., 2014),
we directly mapped our linkage framework (which does not require expert input) through to the
MSFD descriptors in a more comprehensive manner than employed in the original ODEMM (White
et al., 2013). Pressures and ecosystem components linked to a MSFD descriptor were identified
(following White et al., 2013), and the number of sectors causing each pressure were listed, to
enable the counting of the number of linkages (proportional connectance) of the MSFD descriptors
(see Appendix C, ‘MSFD detailed’ Tab). In this way, risk to GES (informed by the number of linkages

only, but no ‘risk’ scoring mechanism included) is emergent from the assessment process.

Pressure pathways were also traced through to ecosystem services, by linking the ecological
characteristics to ecosystem services using the ODEMM typology (Béhnke-Henrichs et al., 2013;
Hussain et al., 2013) to provide a high level overview of what services may be at risk from the

existing pressures, and to provide a context for consideration of trade-offs in decision-making.

Finally, the results from the Irish assessment were then compared with the North East Atlantic
assessment carried out by the ODEMM project (Knights et al., 2011b) to identify key ways in which
they differ. The overview comparison was necessarily limited to the highlights published in Robinson

et al. (2014, section 4.3.1).

3. RESULTS:
3.1 Irish Assessment Results
3.1.1 Sectors
The highest risk sector changes depending on the descriptive statistic used (Table 1). When looking

at the average Total Risk score, Waste Water is the highest risk, whereas using the sum of the Total

10



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

Risk places Fishing as the highest risk sector. Waste Water tops the average list due to the
combination of high median Impact Risk scores coupled with a relatively long Recovery Lag (median
~60 years; Figure 3). Fishing has a higher Impact Risk score, but generally a much shorter Recovery
Lag; within 10 years for most impact chains. Comparison of the proportional connectance plots
(Figure 3) helps to further explain the differences, with Fishing demonstrating a proportional
connectance double that of Waste Water, reflecting the wide range of habitats and species that
interact with fishing activities. Individual Fishing chains span the entire range of possible Impact Risk
values, while Waste Water has a more restricted range. Irrespective of the method used, the top five
highest risk sectors remain the same, albeit with changes in the order (i.e. Waste Water, Land-based
Industry, Fishing, Shipping, and Tourism/Recreation).

Overall Impact Risk scores are low (Fig 3a), with few exceptions. Nearly two thirds (62.5%) of the
impacts from sectors are expected to recover within 10 years (4 within 2 years). Only impacts from
Telecommunications, Military, Renewable Energy, Coastal Infrastructure, Shipping and Waste Water
have median recovery values above 50 years. Despite this, nearly all sectors cause at least some
pressures that will have impacts for which recovery is not expected within a century.

3.1.2. Pressures

Litter tops the list as the highest ranked pressure according to the both the averaged and summed
Total Risk scores (Table B2 in Supplementary Information), due to its widespread nature (high
proportional connectance), constant occurrence and high persistence rates in the environment.
Litter Impact Risk scores (Figure 3) are variable due to variations in the frequency and overlap of
littering from the activities of various sectors. Whilst resilience to litter varies, its persistence in the
environment dictates that the recovery lag will never be less than 100 years.

Similar to the results for Sectors, the top 5 pressures are the same for both the averaged and
summed Total Risk Scores, only the order differs (Litter, Bycatch, Selective Species Extraction,

Synthetic and Non-Synthetic Compounds).
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Again, overall Impact Risk scores are low (Fig 3b), with the lowest and least variable scores being
assigned for Barriers to Species Movement and Invasive Species, whilst there was a higher risk score
for Electromagnetic Fields, it was equally invariable. Smothering has the highest median value but
occurs less frequently (see proportional connectance) than many other pressures. The primarily
Fishing-related pressures of bycatch, incidental loss of species and selective extraction of species
would appear to have the largest spread in Impact Risk values illustrating a wide range in risk scores
(from the lowest to highest of the assigned scores) depending on the ecological characteristic
affected.

In general, most ecosystem components have relatively fast recovery times (<10 years) with notable
exceptions for ecosystem components subject to pressures related to hard structures in marine
environments (e.g. Barriers, Emergence Regime Changes, Wave Exposure) and those related to Litter
(plastics) and Invasive Species whose Recovery Lag are all >=100 years.

3.1.3. Ecological Characteristics

Deep-sea habitats (>=750m) and long-lived species (cetaceans and elasmobranchs) had the highest
averaged and summed Total Risk scores, with shallow sublittoral habitats being higher ranked
according to summed Total Risk, whereas deep-sea species and reptiles were higher ranked using
average Total Risk (Table B3 in Supplementary Information). Comparison of Total Risk ranking vs.
Impact Risk ranking is most interesting for the ecological characteristics (see Figure 3: ecological
components are ordered in Total Risk ranking order, and median Impact Risk scores are visible on
the ranking panel). Total Risk (which includes the recovery lag) identified deep offshore habitats and
long-lived species at greatest risk, whereas ranking by median Impact Risk scores shows almost the
direct opposite; the highest scores are assigned to those habitats and species closest to land, and
thus to centres of anthropogenic pressure (i.e. the coast). This is also reflected in the higher
proportional connectance values of near shore habitats and species. Overall, this highlights the need
for information to be shown in context and with a thorough methodological understanding-{Pietet
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Recovery Lag scores were split into two distinct groupings depending on aggregation method; those
with long-lived species and deep-water species and habitats with long Recovery Lag estimates, and
those species with higher impact risk median scores (i.e. those that are closer to/more accessible to
humans) have been assigned faster recovery time scales. Of note is that every ecological
characteristic assessed, at least one pressure was predicted to persist for >100 years.

3.2 Prioritization

The highest risk chains were determined as those that contributed over 1% of the risk scores (Impact
Risk and Total Risk) to the assessment. These 5968 chains accounted for 63-52% of the Impact Risk
score, and 64% of the Total Risk score. Forty-four of these identified chains related to Fishing, via the
pressures Abrasion, Litter, Bycatch, Incidental Loss and Selective Species Extraction. The remaining
sectors (Land-based Industry, Waste Water and Shipping) all related to the pressure of Litter on
deep-sea habitats, marine mammals, and elasmobranchs.

3.3 Marine Strategy Framework Directive

Connecting the Linkage Framework though to the MSFD descriptors provides us with an overview of
which of the high-level descriptors are most at risk of not achieving GES by 2020. Biological Diversity

and Food Webs come out as the highest risk of not achieving GES (100% connectance; Table 2). This

is due the fact that all pressures affecting any ecological characteristic have the potential to affect
GES for Biological Diversity and Food webs. The next most important descriptor was Sea-floor
Integrity (55% connectance; Table 2). Similarly it should be highlighted that the Descriptors
themselves vary in their specificity, some being extremely limited in scope (e.g. D9 - Contaminants in
Seafood: Contaminants in fish and other seafood for human consumption do not exceed levels
established by community legislation or other relevant standards) whereas others, such as Biological
Diversity are extremely broad (D1 - Biological diversity is maintained: The quality and occurrence of
habitats and the distribution and abundance of species are in line with prevailing physiographic and

climate conditions).
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3.4 Comparison to North East Atlantic (NEA) assessment

The majority of impact chains in the Irish waters assessment exist at site or local scales (see Table B1
for scoring criteria), with only 272 chains (15%) considered as ‘widespread’, matching the findings of
the ODEMM NEA assessment { Rebinsen-etal20144. Similarly, ‘rare’ and ‘occasional’ were the most
commonly assigned frequencies (58%); however, our assessment classified many more pressures as
being ‘persistent’ (36%) compared to the NEA assessment (3%). The majority of pressures were
assessed as having a ‘low’ degree of impact (66%), with the remaining as ‘chronic’ (18%) and ‘acute’
(16%). This again contrasts with the NEA assessment which assessed about 80% of the pressures as
being ‘chronic’. The ‘persistence’ of the pressures in the environment were classified as 52% ‘low’
(<2 years), 15% ‘medium’ (2-10 years), 14% ‘high’ (10-100 years) and 20% were continuous (> 100
years). Similar to the NEA assessment, the ‘continuous’ category was predominantly used for
pressures that were unlikely to be removed, such as for structures related to coastal infrastructure,

telecoms, renewable and non-renewable energies and aquaculture as appropriate.

The majority of ecological characteristics were considered to be moderately resilient (2-10 years;
62%); only 7% of ecological characteristics were assigned high resilience (recovery within 2 years).
Deep-sea habitats and species, and long-lived mammals and elasmobranchs, were considered ‘low’
resilience (10-100 years) accounting for 31%, however a special case was also used in relation to the
pressure of Invasive Species. It was felt that all species and habitats that could be affected by
Invasive Species demonstrate ‘low’ resilience when the threat occurs (i.e. when an invasive species
establishes). For instance, Coastal Pelagic environments are generally assessed as ‘high’ resilience to
most pressures. However, if an Invasive Species managed to establish, it was felt they would have
‘low’ resilience as returning to pre-impact conditions (eradication) is highly unlikely. As such, all

Invasive Species linkages were assigned ‘low’ resilience (7%).

4. DISCUSSION

4.1 The Irish EEZ Assessment
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4.1.1 Pressures and Risks in the Irish EEZ

We began with the hypothesis that Fishing is the top impacting sector affecting the marine
environment. Depending on the method of assessment, this was both true and false. Fishing is
pervasive, impacting on many ecological components inaccessible to other sectors and creating a
wide range of pressures; thus, the associated risks are high. However, the expected recovery times

assigned during the assessment are generally within ten years. Our analysis indicated that Fishing is

the most ‘connected’ sector, i.e. it introduces the greatest number of pressures that act on the
greatest number of ecological characteristics. When sectors were assessed using ‘average’ risk,
Waste Water and Land-based Industry were considered of greater risk to the Celtic Sea ecosystem
than Fishing. In contrast, summation of risk scores (Total Risk) led to Fishing being assessed as the
sector posing the greatest risk (Figures 1-3). It should be highlighted that the large number of impact
chains (many with low risk scores; 58% have a low ‘Degree of Impact’), affect the average Total Risk
value in relation to those sectors with fewer impact chains as there is a larger number of impact

chains to divide the summed Risk Score by.

Fishing was found to produces a wide range of pressures beyond simply extracting target
commercial species, as illustrated in Figure 1. Filtering through the most impactful chains (Figure 2)
highlights the importance of Fishing as a source of pressures, as 445 of the top 6596 impact chains
belong to this sector, suggesting that summation may be the more appropriate descriptive statistic.
The Total Risk score for Bycatch (ranked second), surpasses that of Selective Species Extraction
(ranked third), as Bycatch affects far more species than those targeted for commercial exploitation
(Burgess et al., 2018). This highlights how identification of the relevant categories for your
assessment can provide interesting insights. From the results of this assessment, it is indeed
appropriate to focus on fisheries for ecosystem-based management, as the largest individual impact
chain risk scores are stemming from this sector. However, fisheries do not act in isolation and it is
important to place it in the context of all its activities, and those of other sectors, with their

potentially cumulative effects (Jennings and Kaiser, 1998). Similar to Halpern et al. (2007), some of
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our top ranked threats (e.g. Waste Water, Land-based Industry) are land-based highlighting that
effective management of the marine ecosystem requires management of terrestrial and freshwater

threats synergistically.

4.1.2 Comparison of Irish waters to North East Atlantic

High-level comparison between the Irish and the Nerth-East-Atlantic{NEA} assessments highlighted
both contrasts and commonalities. Considering the extremely large size of the NEA area, stretching
from the Canary Islands in the south to Scandinavia in the north, assessed by ODEMM, in
comparison to the island of Ireland and its surrounding waters, coupled with the changes in
categories outlined above (see Section 2, and Appendix C), and different expert panels, it is not
surprising to see differences in assessment scores. For instance, the overlap and frequency scores
will vary dramatically depending on what scale you carry out the assessment; e.g. an activity that is
considered ‘site’ at the scale of the whole NEA (<5% overlap with an ecological component: see
Table B1) may be an extremely important sector at a different resolution and thus have a larger
overlap. In some cases however, there may also be variation in interpretations of the categories
depending on the panel assembled. For instance, a large difference in the proportional assignment
of the ‘persistent’ frequency (37% Irish, 3% NEA) was observed. Based on the ODEMM guidelines
(Robinson et al., 2013; Robinson and Knights, 2011) the Irish assessment considered ‘persistent’ to
mean occurs in every month of the year. However Robinson et al. (2014) further elaborated that
they interpreted it to mean that ‘ecological components were thought to be exposed to the
sector/pressure at all times where interactions occurred in space’. This subtle difference may
account for the substantial variation in this category between the two assessments and further

highlights the importance of documenting the interpretation of the terms used.

4.1.3 Risk Assessment and Management through the Implementation of ODEMM

Through our implementation of the ODEMM approach, we progressed from the scoping exercise
producing a horrendogram with 1,8749 identified links (Figure 1), and no indication of risk scores,
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through to being able to identify the impact chains that are responsible for the majority of the
identified risk (Figure 2). This process highlights just 66-59 sector-pressure-ecological characteristic
pathways that are responsible for 64% of the Total Risk. This reduced number of impact chains
provides a feasible set of pathways for targeted management objectives that are most likely to
provide the greatest ‘return on investment’. Potential management actions could include: spatial or
temporal controls to reduce/remove the spatio-temporal footprint of the identified sector and/or its
pressure; input or output controls to reduce the degree of impact (and together reduce the Impact
Risk score); and/or remediation/restoration efforts to improve the current state of the ecological
characteristic affected and thus reduce the Recovery Lag (Piet et al., 2015). Furthermore, co-benefits
may be realized through targeting these high risk chains, where implementing measures to mitigate
or remediate the highest identified risks may bring about improvements in risk scores across a range
of other impact chains, MSFD descriptors, and ecosystem services through synergistic effects
(Robinson et al., 2014). For example, action taken to reduce inputs of litter into the marine
environment (or equally to remove it from marine waters) would not only benefit seabirds, but a
plethora of other organisms (all other ecological characteristics in our framework; see Appendix C).
Similarly, spatio-temporal management of fisheries (e.g. real-time incentives fishery management;
Kraak et al., 2015) may provide benefits not only in reduction of some of the top highlighted Fishing-
related risks (Abrasion, Litter, Bycatch, Incidental Loss and Selective Species Extraction) but would
also reduce other impacts caused by Fishing (e.g. Smothering and Noise). Further, examination of
the linkage framework (Appendix C) shows that reduction in these pressures would reduce the risk
related to 6 of the 11 MSFD descriptors (Biological Diversity, Commercial Fishing, Food Webs, Sea-
floor Integrity, Litter and Noise) and 20 of the 21 identified ecosystem services (excluding Sea
Water). Finally, if the top risks emergent from the system are assessed as outside of the
management remit within the assessment area (e.g. due to insufficient information or conflicting
institutional priorities), the assessment can be revised in light of this information. As Hobday at al.

(2011) note, employing a precautionary approach that requires the inclusion of all possible linkages
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means it is possible to include false positives during the assessment process, but these can be
screened out when data is available to eliminate them. Once appropriate areas of action are
identified, the ODEMM approach can help to identify the relative costs and benefits of
implementation of specified measures in terms of ecosystem services and possibly even economics

(Hussain et al., 2013).

4.2 Using ODEMM

4.2.1 Definitions and interpretations of terminology

Although (to our knowledge) this is the first application of the methodology outside of the ODEMM
project, it was important to use an established methodology that provides an open access common
tool that can facilitate direct comparisons between different regions. In this same spirit, our
adaptation of the published methodology has been outlined here (see Section 2 and Appendix C,),
and the code developed for producing the outputs provided freely on GitHub (Section 2). During our
implementation of the approach we encountered a few issues. Almost exclusively these related to
the application of definitions and interpretations. Panelists (and even workshop leaders) were
occasionally uncomfortable with some of the definitions and rules that apply to the pressure
assessment. It would appear that this is not an issue limited to the Irish experience as the ODEMM
project revised and updated its guidelines throughout the project (Robinson et al., 2013; Robinson
and Knights, 2011), nor is it limited to the ODEMM project (see Halpern et al., 2007). In particular
issues related to the definition of ‘resilience’ and ‘persistence’ (outlined above), were raised.
According to the scoring rules, ‘resilience’ is based on generation times and the time taken
(following impact and cessation of the pressure) to recover to its current status, but “resilience”, as
defined in an ODEMM evaluation, should be independent of all other assessment criteria and thus
does not vary between sectors or pressures. The reason for this is to avoid conflating the degree of
impact with resilience. For instance, this means that the resilience of a sublittoral habitat to abrasion

from navigational dredging should be the same as its resilience to noise from tourism/recreation:
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resilience is an inherent property of the ecological characteristic of interest. This proved to be
distinctly uncomfortable, and frustrating, for many participants, even resulting in the generation of
an ‘exception’ during our assessment, as outlined above for Invasive Species (Section 3.24). The
expert panel felt that within the framework of a ‘current status’ assessment, that the appropriate
‘degree of impact’ score for Invasive Species was low, reflecting a belief that overall there is a low
risk of establishment of a given invasive species. However, in cases where an invasive species
manages to establish, then the ‘resilience’ of the system/species affected is ‘low’. This interpretation
is breaking the rules by somewhat conflating the ‘degree of impact’ and ‘resilience’, particularly as a
‘low degree of impact’ by definition ‘never causes a noticeable effect for the ecological component
of interest in the area of interaction’ — which Invasive Species clearly can. However, the panel felt
that neither ‘chronic’ nor ‘acute’ adequately captured the current risk for this category. As the
assessment scores were assigned by an expert panel, we have honored their scoring, but note it as a
special case, whilst highlighting it as a ‘quirk’ associated with working with panels. We suggest that
perhaps a change in terminology, such as renaming ‘resilience’ to something more akin to ‘average
turnover time’ might make participants more comfortable, as within our experience, the term
resilience encourages individuals to relate scoring to the specific impact under consideration. We
encourage those that may employ this methodology in the future to carry out the ‘resilience’ scoring
as one of your first exercises, as it need only be done once for each ecological characteristic, as

clarified in {Robinson et al.; (2013).

The second difficulty encountered was in the omission of an ‘intensity’ factor, to indicate how severe
the pressure is, or what proportion of a component is affected - more than a simple overlap of
spatial footprints (e.g. similar to ‘resistance’ and ‘functional impact’ as per Halpern et al., (2007)).
For instance, a small proportion of species encompassed by an ecological component category (e.g.
demersal fish) may be highly susceptible (beyond recovery) to a given pressure. However, other
species may be very robust to the same pressure, and overall ecosystem functioning is maintained,
thus the risk score may be low, despite being acute for certain elements of that ecological
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characteristic. Related to this is the acknowledgement by Robinson et al., (2014) that there is no
specified point for when a ‘chronic’ becomes a problem, due to a lack of knowledge of where these
thresholds exist for many pressures. Throughout the guidance documents ‘degree of impact’ is
referred to as an indication of severity, however, given the lack of a threshold for when ‘chronic’
may become ‘acute’ the distinction seems more a description of mechanism than an indication of
severity, and a description as such can tempt panelists to interpret them as ‘high’, ‘medium’ and

‘low’ categories, which they are not.

4.2.2 Work load

Robinson et al. (2014) caution about the time-consuming nature of carrying out an ODEMM
assessment. In our experience we believe this to be variable as the flexible nature of the approach
allows groups to apply components of it within their resource limitations. The assessment can be
carried out in stages, and once a familiarity with the methodology has been achieved by the
assessment leaders, reviews can be carried out relatively quickly, and the analysis is extremely rapid,
particularly since the development of an R script. The most time-consuming aspect is in compiling
data to serve as a basis for assessment to inform the expert panels, however using publicly available
resources such as mapping tools that are becoming ever more available and using national experts
for your panels that can themselves bring data and/or reports to the table can drastically cut down
on the preparation and panel time. We are also developing a data support tool that underpins the
data linkages specified by the panels to help to provide the paper trail that is often missing (and
often criticized) from expert opinion assessments (Halpern et al., 2007). Furthermore, as outlined in
the methods, we have used the Linkage Framework to inform our MSFD descriptor risks rather than
relying on expert assessment. This may further help to reduce the time required for such an
assessment, however it provides only proportional connectance and not risk values. Linking the risk
assessment through in this way provides another option for prioritization, as the risks contributing

most to each MSFD descriptor can be identified, and the highest risk impact chains for each
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descriptor highlighted for action. This could prove to be particularly useful for filtering out the
appropriate information of interest where different departments or agencies are responsible for

different aspects of MSFD reporting, monitoring and actions.

4.2.3 Further Recommendations

Following from the above, we found that splitting participants into specific groups facilitates
efficiency; however, the time allowed for the workshop of just two days was overly ambitious — even
with a pilot assessment to work from. Further, although the chairs had been briefed in the
methodology and goals of the workshop, there were differences in interpretations of criteria and
how they were applied (in the 2012 assessment). This subsequently necessitated the re-running of
some sub-groups to eliminate such inconsistency. Strong leadership with a thorough understanding
of the methodology, and the capability to explain it simply, is required to lead such an exercise.
Knowledge and employment of tools such as the ‘parking lot’ (acknowledging and parking ideas not
relevant to the current discussion to be addressed later) are extremely useful to keep things on
track. Furthermore, it is recommended that the chair act as a facilitator rather than a participant, to
facilitate discussion, ensure consensus, or note dissention, and maintain progress. We suggest it may
be better to run a series of workshops on different dates, but with the same chair/facilitator, to
ensure the same rules are followed and applied in a consistent manner across all groups. This also
means that individuals with expertise relevant to more than one group can participate in multiple
panels. Finally, be aware that these workshops, whilst important, are often tedious for participants;

ensure regular breaks.

4.3 The experience of applying the ODEMM approach

Through our experience working with ODEMM we maintain that it is a flexible framework that can
be adapted as required. Scoping and qualitative risk assessment, whilst just one part of the IEA cycle
is a critical first step on the way to the goal of informed ecosystem-based management (Knights et

al., 2014; Levin et al., 2009; Walther and Mélimann, 2014). The risk assessment presented here can

21



533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

be adjusted to answer specific questions for management strategy evaluation (MSE) — the next
necessary stage of the IEA cycle (Harvey et al., 2017; Levin et al., 2014, 2009; Piet et al., 2015), or
used to highlight specific areas of interest that may require finer examination or require quantitative
data streams. MSE as developed by ODEMM thus far only allows for relative comparisons, assuming
management options are 100% effective and operate on 100% of the activity (either in time or
space; Piet et al., 2015). True MSE would require more underlying data and modelling tools to be
used in concert with high-level tools such as ODEMM for specific management options and scenario-
testing. ODEMM frameworks can be linked to, and further informed by, analyses such as integrated
trend analyses (Kenny et al., 2009) and food web models (e.g. Ecopath with Ecosim; Heymans et al.,
2016) to inform missing parameters, answer specific trade-offs questions, and to model identified

management options (Borja et al., 2016; Levin et al., 2009)

The assessment presented herewith is a living tool, consistent with the idea that the IEA framework
is a an iterative process necessary for adaptive management (Dickey-Collas, 2014; Harvey et al.,
2017; Levin et al., 2014, 2009). It should be consistently reviewed, to evolve for each new purpose,
and when new data becomes available (OSPAR Commission, 2010; Pikitch, 2004). As such data
becomes more available, knowledge and understanding improve and precautionary limits can be
eased in deference to true understanding (Pikitch, 2004). In reality for such a process to work
requires not one person or team, but a synergistic group effort. The authors, along with
international colleagues have made steps in this direction (and will continue to do so), making our
assessment results available to the International Council for the Exploration of the Seas (ICES) to

provide data and understanding that underpins the ICES ecosystem overviews (ICES, 2016a, 2016b).

4.3.1 Future implementation and ongoing work

The potential future avenues of this research are many, including downsizing to help address specific

management issues, such as marine spatial planning conflicts where single sector development plans
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dominate, often resulting in unsustainable use (Bohnke-Henrichs et al., 2013), or delving deeper into

particular sectors and/or pressures identified as areas of interest in this assessment.

Management actions rarely act directly on the ecosystem, but instead upon people and their actions
through legislative instruments. As such, ecosystem-based management needs to take account of
the ‘human dimension’ (Hilborn, 2011). We believe carrying out expert panel reviews with wider
stakeholder groups than scientists and managers (e.g. industry and eNGOs) would facilitate the
inclusion of relevant local knowledge and new perspectives. Furthermore, efforts should be made to
improve gender and age representation. Although discussion is likely to be longer and consensus
more difficult to attain in more diverse groups, such perspectives are extremely valuable and help
minimize bias associated with more monolithic groups. Understanding motivations and potential
responses of stakeholders as individuals and groups by including them directly in the assessment will
greatly aid in building more effective policies and voluntary management actions through direct

engagement of the organizations and individuals affected by management changes.

Further investigation of the threats to meeting GES would require information on the current status
and/or trends of identified indicators (Breen et al., 2012; Knights et al., 2011a), as well as drilling
down to the level of “criteria” and indicators within each Descriptor (Borja et al., 2013). While the
data sources identified by the original ODEMM project provide a valuable resource, data from, and
specific to, the Irish EEZ (e.g. from the initial assessment) will add to the value of this national
assessment by providing a level of detail that is generally not possible in the broader regional

assessments.

Although further analysis of ecosystem services is possible within the ODEMM framework, it has not
been carried out here due to limited resources. The full ecosystem service assessment requires an
assessment of the relative contribution of each ecological characteristic to the identified ecosystem

services (Robinson et al., 2014). This is a proposed area of future development.
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5 CONCLUSIONS

As Dickey-Collas (2014) said IEA ‘does not lead to one answer, but provides the information and
knowledge to facilitate exploring the space for decision-making and policy development.” This work
presents such an assessment, relevant for guiding and facilitating integrated marine ecosystem
assessment and decision-making processes. The outputs can be used to help enlighten stakeholders
and enable policy-makers to make informed decisions, particularly when coupled with
complimentary methods such as integrated trend analysis and ecosystem modelling. In light of the
complex landscape of ecosystem-based management and the MSFD, these tools have a real benefit
as they are easy to understand. Expert panel risk assessments are a smart way to get the ball rolling
with limited resources, and can be used to flag where risk areas lie and thus priorities, not just for
management, but also for future research (gaps analysis), indicator development and monitoring.
Statutory obligations and binding international treaties require scientists to provide advice now,
despite not having all the answers yet. The process outlined herewith serves to provide a cost-
effective triage approach, similar to Hobday et al.’s (2011) levels (but with a wider sectoral context),

where issues are highlighted for further investigation, quantitative assessment and monitoring.

FIGURES:

Figure 1. Horrendogram of the Irish EEZ linkage framework. Sectors are linked to the pressures they
cause, pressures are linked to the ecological characteristics they affect (cumulatively, a ‘linkage
chain’). Ecological characteristics are aggregated under MSFD GES descriptors. For illustrative
purposes, black lines are used to indicate the impact chains associated with fishing, allowing

visualisation of Fishing in the context of all other sectors under consideration.

Figure 2. Horrendogram of the top identified risks by Impact Risk (black) and Total Risk (Red) scores.

Figure 3: Proportional Connectance, Impact Risk, Impact Rank and Recovery Lag Boxplots. Each

component assessed is listed in order of its average Total Risk Rank. The thick black vertical lines on

the boxplots indicate the median values, with the box lengths representing the 25% quartiles and

the whiskers representing 1.5 times the interquartile range. Outliers are shown as black dots. The
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small Impact Risk scores have been log-transformed (‘Impact Rank’) to allow visual comparison

between the assessed components.

TABLES:

Table 1: Ranking of the Irish sectors according to averaged and summed Total Risk scores. See

Appendix B for pressure and ecological characteristic comparisons.

Table 2. Proportional connectance of the MSFD Descriptors. Descriptors are in descending order of
their overall proportional connectance values (final column). Interpretation of columns is explained
below using examples. Entries in grey are those that appear in Part Il of the 2017 European

Commission Decision.

SUPPLEMENTARY INFORMATION:

Appendix A. Workshop Details. List of participating institutes and expertise included in the Irish

ODEMM assessment workshops.

Appendix B. Assessment Criteria and Scores, Rankings and Total Risk Scores. Assessment Criteria
and Scores, Ranking values, average and summed Total Risk scores for the assessed Pressures and

Ecological Characteristics.

Appendix C. Irish EEZ Linkage Framework. This file shows the comparison between the categories
used in the original ODEMM project, and those used in this adaptation, and the linkage framework
showing heat maps of interactions between the various components (Sectors, Pressures, Ecological

Characteristics, Ecosystem Services and Marine Strategy Framework Directive Descriptors).
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