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a b s t r a c t

International policy frameworks such as the Common Fisheries Policy and the European Marine Strategy
Framework Directive define high-level strategic goals for marine ecosystems. Strategic goals are
addressed via general and operational management objectives. To add credibility and legitimacy to
the development of objectives, for this study stakeholders explored intermediate level ecological,
economic and social management objectives for Northeast Atlantic pelagic ecosystems. Stakeholder
workshops were undertaken with participants being free to identify objectives based on their own
insights and needs. Overall 26 objectives were proposed, with 58% agreement in proposed objectives
between two workshops. Based on published evidence for pressure-state links, examples of operational
objectives and suitable indicators for each of the 26 objectives were then selected. It is argued that given
the strong species-specific links of pelagic species with the environment and the large geographic scale
of their life cycles, which contrast to demersal systems, pelagic indicators are needed at the level of
species (or stocks) independent of legislative region. Pelagic community indicators may be set at
regional scale in some cases. In the evidence-based approach used in this study, the selection of species
or region specific operational objectives and indicators was based on demonstrated pressure-state links.
Hence observed changes in indicators can reliably inform on appropriate management measures.

& 2015 Elsevier Ltd. All rights reserved.

1. Introduction

High-level strategic goals for marine ecosystems and fisheries
are determined by international policy frameworks such as the
European Common Fisheries Policy (CFP) and Marine Strategy
Framework Directive for Europe (MSFD) [26]. The CFP is a set of
regulations stating that fish stocks should be exploited below or at
MSY (maximum sustainable yield) taking ecosystem considerations
into account and ensuring that exploitation actions are precaution-
ary, while the MSFD is an EU Environmental Directive, expected to
be implemented for fisheries through the CFP as part of an
‘Ecosystem Based Fisheries Management’ (EBFM) framework. The

MSFD groups broad ecosystem objectives into categories called
descriptors, for which the objective is to reach ‘Good Environmental
Status’ (GES). Ecosystem state in relation to management objectives
(e.g., GES) is determined using indicators. In fisheries management
under the MSFD and the CFP, indicators have two roles: providing
(a) triggers for management measures (“control” function) and (b)
evidence for management performance reporting (“audit” or
“assessing” function) [75]. Indicators are thus considered essential
for an ecosystem approach to monitoring and managing human
pressures on marine ecosystems [18,74].

The hierarchy of high-level policy driven strategic goals, inter-
mediate general ecological, economic and social objectives, and
lower level operational objectives, needs to be defined before
choosing suitable indicators [40,43]. In this study the hierarchical
framework (Fig. 1) was applied to Northeast Atlantic pelagic
ecosystems. Pelagic communities have a pivotal role in the
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function of many large marine ecosystems, but have received
much less attention in the scientific literature than demersal
systems with respect to which general and which operational
objectives might be relevant. However, specifying objectives for
the pelagic is equally important for effective implementation of
the MSFD.

2. Methodology

A stakeholder engagement process was undertaken to explore
general ecological, economic and social management objectives for
pelagic ecosystems (primarily for fish and top predators – birds and
marine mammals). Examples of operational objectives, indicators
and reference points were then identified for each stakeholder
suggested objective based on a review of the scientific literature
and expert knowledge (Fig. 1). Operational objectives and reference
points apply to specific stocks, marine (sub-) regions or fisheries,
while most indicators are suitable for any pelagic ecosystem with
the same operational objectives.

Involvement of ‘stakeholders’ is considered a crucial part of
EBFM [31]. All parties gain from this relationship, which stems from
stakeholders having a right to decide how the marine environment
is used, and an associated responsibility for sustainable use [34].
Operationally, this requires definition and representation of stake-
holders. Here the stakeholder definition by Lorance et al. [49] was
used: public, private/business, associations/groups/NGOs and indi-
vidual stakeholders. Public stakeholders include fisheries scientists
and managers (national and European). Stakeholder involvement
was implemented by inviting stakeholders with interest in pelagic
fisheries to two separate workshops (the first involving scientists
and the second other stakeholders) to explore and list ecological,
economic and social management objectives that might be suitable
for the management of Northeast Atlantic pelagic ecosystems. The
workshops were both organised by scientists, but selection of
objectives was independent and intended to give each group the
freedom to identify objectives according to their own insights and
priorities for pelagic fisheries and ecosystems.

An evidence-based approach was then applied to select indica-
tors corresponding to proposed objectives. This approach consists of
specifying operational objectives for a given general management
objective based on published empirical evidence for a link between
manageable pressures and relevant ecosystem states. Thus, a

hypothesised pressure-state link based on theory was not taken
as sufficient evidence.

The evidence-based approach interprets operational objectives
at species and region scale and has not previously been applied to
large pelagic systems. Ecological indicator developments have
focused primarily on demersal communities ([11,79,80], etc.), but
see [89,87] and [84] for some pelagic examples. Pelagic fish
species set distinct requirements for indicators, since they can
exhibit substantial, environmentally influenced, fluctuations in
abundance and wide-ranging mobility [16]. For small, and med-
ium sized, pelagic fish species, high variability on different scales is
created by schooling behaviour, environmentally driven long
distance (thousands of kilometres) migrations between spawning,
feeding and nursery grounds, and strong recruitment fluctuations
[47]. “Small-pelagic” fish communities consist of few species,
leading to the term wasp-waist food webs, though these waists
are rather barrels if considered in terms of biomass [29,55]. In
contrast to many demersal mixed-species fisheries, pelagic fishing
generally targets single species [12], so direct pelagic fishing
impacts affect single stocks, though indirect effects may cause
food web perturbations [78]. Further, pelagic fisheries do not
damage vulnerable benthic habitats and the fisheries exhibit low
CO2 footprints per kg of protein harvested [62] and use little fuel
energy per kJ of energy harvested [88]. The strong environmental
forcing of recruitment, growth and survival makes for very
uncertain biomass reference-points based on the single species
stock assessments used in the management of pelagic fish stocks
[4,20]. The challenge is increased by the need to broaden manage-
ment objectives to implement an EBFM for pelagic fisheries under
EU jurisdiction [30]. Lastly, the primary anthropogenic impact on
the marine ecosystem in Europe is fishing; fishing can drive shifts
in pelagic fish communities [97].

3. Exploring ecological, economic and social objectives

The stakeholder workshops took place in spring 2013. For the
scientist workshop, six participants in the EU-funded Myfish project
(www.myfishproject.eu) were selected, based on their experience
either in Northeast Atlantic pelagic fisheries, or EBFM. The scientists
listed 22 potential objectives without seeking agreement on their
relevance and defined a categorisation scheme grouping objectives
related to societal values, food web structure and flow, fish popula-
tion structure and flow, habitat quality and quantity, and fisheries
yields (Table S1 in Supplementary material). For each objective,
responsiveness to fisheries management was considered.

For the second (other stakeholders) workshop, individuals with
active involvement in advice, debate or implementation of either
management for Northeast Atlantic pelagic stocks or EBFM were
invited. The invitation was accepted by eight representatives from
three stakeholder categories: NGO (1), fisheries managers (3), and
pelagic fishing industry (4), facilitated by three scientists. As in the
first workshop participants were asked to list management objec-
tives they considered crucial for pelagic ecosystems and fisheries,
and all suggestions were again accepted without challenge by the
facilitators. The facilitators asked ‘clarifying’ questions to define
distinct objectives, encouraging a wide range of ecological concepts
in relation to GES to be considered, but did not disclose the list of
objectives created in the first workshop. This lead to nineteen
objectives being listed (Table S1). For each objective the likelihood
that fisheries management could help to reach it was discussed.

The two workshops resulted in a total of 26 objectives being
suggested (Table 1). There was rather good agreement between the
scientists and the other stakeholders: 58% (15) objectives were
suggested in both (Table S1, Supplementary material). All 26
objectives were retained for the subsequent steps.

Fig. 1. Framework linking strategic goals, ecological, social and economic manage-
ment objectives, operational objectives and indicators for Northeast Atlantic
pelagic ecosystems. Feedback processes may occur but were not addressed in this
study (dashed lines).
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