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ABOUT THE SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE (SAERI)

SAERI undertakes research in the UK Overseas Territories (UKOTs) and other Atlantic and
Caribbean coastal communities from the tropics down to the ice in Antarctica. SAERI conducts
research with a remit which includes the natural and physical sciences. It aims to deliver value to its
stakeholders, its staff and the broader scientific community within the United Kingdom’s South
Atlantic Overseas Territories and beyond. Its mission is to grow a sustainable environmental
research institute in the Falkland Islands through partnership working, to build capacity and inform
the delivery of global environmental stewardship. SAERI was a Falkland Islands Government (FIG)
initiative and operated as an arm’s length government department from 2012 in July 2017.

Its vision is to deliver world-class environmental research from the Falkland Islands that informs the
effective stewardship of our planet.

Strategically, SAERI aims to be a world-class research institute that, amongst other things, delivers
science excellence to inform policy for the enhancement of environmental stewardship in the
territories it operates, creating models which are replicable and scalable within and between the
South Atlantic Overseas Territories and the countries within which it operates. In order to achieve
this it must be:

1. Project optimised — by operating as a streamlined and efficient organisation through the Focal
Areas;

2. Fully funded — Falklands registered limited company is able to fund SAERI overheads, ensuring
SAERI ultimately becomes fully financially independent from Falkland Islands Government and
by ensuring that all grant applications (where possible) contain cost of seat coverage; and

3. The holder of proprietary environmental knowledge of the South Atlantic — by continuing to
provide the research expertise offered to date.
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1. INTRODUCTION

Marine ecosystems provide many significant ecosystem services for the benefit of human wellbeing. These
services include provisioning (food production, marine genetic resources, materials, renewable and non-
renewable energy), regulating (carbon storage, storm protection, climate regulation, waste breakdown and
detoxification), supporting (nutrient and water cycling, biodiversity) and cultural services (physical and

mental wellbeing, tourism,
knowledge and learning, recreation,
sense of place, inspiration, spiritual
and religious connections; Figure 1).
However, these services can be
affected by environmental change via
impacts such as climate change,
pollution, invasive species, habitat

g

Tourism & recreation

degradation or loss, and

overexploitation. Changes to the BENEFITS
. . . FROM

services will affect human wellbeing » THE SEA

and ocean economies (Doney et al.,
2012; IPCC, 2022). There are,
however, strategies that aid with
anticipating changes and aim to
minimise  negative  effects on
ecosystems and the services they
provide. This often requires a
management style that is centred on

adaptive  co-management  that
manages the ecosystem as the Figure 1: The ocean provides many services
for human wellbeing. ©NatureScot

interconnected system it is.

Across the globe, the effects
of climate change on marine ecosystems are increasingly noticeable, including via changes in seawater and
air temperature, seawater acidity, current strengths, dissolved oxygen levels, primary productivity, nutrient
availability, atmospheric patterns including via increased frequency and strength of storms, and increased
frequency of marine heatwaves, amongst other effects (IPCC, 2022). Marine organisms will be affected by
these changes on individual levels via changes to their growth, reproduction, and survival, which in turn
affects population biomass levels, and ultimately this can affect food-web interactions and thereby the
ecosystem services provided by the biological community (Dueri et al., 2014; Lan et al., 2013). Several species,
including exploited species, are reportedly moving poleward, which can introduce them to new areas where
local communities may be restructured in response to their arrival (Cheung et al., 2012; Simpson et al., 2011;
Sumaila et al., 2011). Taxon responses to various effects (or stressors) may depend on the stressor duration,
frequency, and magnitude and the number of stressors present (Bailey and van der Grient, 2020; Crain et al.,
2008). Further, responses may depend on the taxon life stage, and can often be affected by interactions with
other species via mediation or exacerbation (Crain et al., 2008; Przeslawski et al., 2015). Detecting and ideally
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predicting responses to stressors on species and community levels depend in part on data availability and

quality, and the choice of indicators for change (Fredston et al., 2023; Welch et al., 2023), and changes can
occur suddenly (Beamish and Noakes, 2002), as the recent collapse in the Bering snow crab demonstrated
(Szuwalski et al., 2023). In addition, population responses dependent on other factors, including the state of
their natural habitat (e.g., presence of pristine, degraded, or absence of key habitats such as spawning sites),
and their exploitation levels (recovering, well-managed, or overexploited) (Bindoff et al., 2019). Healthy
populations and communities are more resilient to changes or shocks and can maintain their key
characteristics (sometimes called ecological integrity) and services. There are two ways to define resilience:
one focuses on how resistant a community is to change after a shock (Holling resilience), and the second
focuses on how quickly a community can recover to its original state after a shock (Pimm resilience) (Holling,
1973; Pimm, 1984). These two types of resilience are not mutually exclusive, and both play a role in
determining ecosystem health. It underlines the importance of creating and maintaining healthy marine
ecosystems given the ongoing and worsening climate crisis, as it influences exposure, sensitivity, and
adaptive capacity for the coupled human-environment system (Figure 2).

— Exposure (climate change)

\

Vulnerability of a coupled human-environment system

Regulating services
(climate regulation)

Ecosystem Society

—
Supporting services

\ Adaptive capacity of

the ecosystem (eg.,
ability of the ecosystem

Regulation services
(e.g., storm protection,
carbon storage, waste

breakdown

to conserve its integrity
in a changing climate)

Ecological sensitivity
(e.g., effects of climate

Societal sensitivity
(e.g., effects of

Adaptive capacity of
society (e.g., capacity
to prevent damage

SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE

change on

oceanography) oceanography on

society)

from changes in
oceanography)

I l

Cultural services

Provisioning services

Figure 2: Ecosystem services links highlight the vulnerability of the ecosystem to climate change. Adapted
from Locatelli et al. (2008).

Ocean ecosystems are vital for food security and job provisioning. Across the globe, at least a billion
of people are directly dependent on the ocean as their primary source of protein. Healthy ocean ecosystems
are therefore crucial now and for the future, which requires sustainable exploitation. The challenge in this is
that historical fishing practices have often seriously impacted stocks and rebuilding these stocks to
sustainable levels is not easy (Morato et al., 2006; Pitcher and Cheung, 2013; Swartz et al., 2010). For
example, 1/; of the 104 British fish stocks are still overfished (Oceana in the UK, 2023). Globally, 35.4% of fish
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stocks are overfished (FAOY). However, this can vary regionally; for example, 9-14% of the 175 U.S. fish stocks

are overfished (NOAA?). Other challenges also are present, including managing the recovery of populations
of large mammals (e.g., cetaceans and pinnipeds) and seabirds from past overexploitation, effects from using
the ocean as a dumping ground for pollution, and habitat degradation (for example via coastal development),
amongst others. Further, the changes in species distribution and community composition in response to
climate change will likely have an impact on fisheries (Allison et al., 2009; Bell et al., 2013; Frusher et al.,
2014; Metcalf et al., 2015; Sumaila et al., 2011). Therefore, the challenge is to manage the ocean in such a
way to allow for recovery of fish stocks and other populations where necessary, maintaining healthy and
sustainable populations including stocks, while recognising the multitude of objectives for other ocean users.
This requires a holistic approach to ocean management.

Ecosystem-based management styles

A holistic approach in ocean ecosystem management can be seen as a continuum in management
approaches, starting from single species approaches to fisheries management (SSFM; also sometimes
referred to as SSAFM) and going towards multi-species and multi-sectorial management (Dolan et al., 2016).
Three common versions of ecosystem management include ecosystem approach to fisheries management
(EAFM or EAF), ecosystem-based fisheries management (EBFM), and ecosystem-based management (EBM).
In many cases, these terms are used interchangeably, although they refer to different strategies (Figure 3).

Traditionally, SSFM stock assessments focus solely on the biology of the target stock, which ideally
includes information on (age-based) catch history, fishing effort, catchability, and natural mortality to
understand the biomass level that can be safely removed from the stock each fishing season (Dolan et al.,
2016; Shertzer et al., 2008). The quotas, provided as Total Allowable Catch (TAC) or Total Allowable Effort
(TAE), that are derived from this practice are known as biological reference points (BRPs) and play an
important role in informing management decisions. Ideally, there are fishery management plans (FMPs) in
place to regulate the stock, which would assess success in rebuilding (if necessary) and maintenance of
healthy populations (Dolan et al., 2016).

More advanced stock assessments include environmental (e.g., habitat-mediated or
physiochemically mediated effects, climate effects) and ecological (e.g., predation) factors that may affect
stock recruitment, growth, and population dynamics (Clark et al., 2003; Hobday and Tegner, 2002; Hollowed
et al., 2009; Keyl and Wolff, 2008; Link, 2010; Lorenzen, 2008; Mace, 2001; Rossberg et al., 2013; Schirripa et
al., 2009; Tyrrell et al., 2011). Such approaches are EAFM as it includes ecosystem considerations for single
stocks. EAFM can require a consideration of space, which may be especially important when there are
different habitat requirements for different life stages. As such, the inclusion of, for example, marine
protected areas to promote fish population growth in a larger area can be considered part of EAFM. This
shows the increase in potential objectives a fishery may need to consider in order to manage the stock. Like
in SSAFM, BRPs related to quotas are produced in stock assessment models except now they explicitly include
ecosystem effects (Dolan et al., 2016). This also means that the management implementation of EAFM and
the use of FMPs are operationally similar to that of SSFM (Dolan et al., 2016).

"https//www.foo.org/3/ccO46len/online/sofia/2022/status-of-fishery-resources.html
2 https//www fisheries.noaa.gov/national/population-assessments/fishery-stock-status-updates
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A step up, whereby

. . . . Scientific Advice
multiple, if not all, species in an
ecosystem are considered within a

management context is EBFM. =

k
EBFM takes a community or
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system-level place-based Ecosystem

. . L. Based
perspective and aims to optimise | management
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recognising trade-offs between Conservation ~ Shipping  Sanctuaries Aquaculture
managing different stocks may be EBFM
required (Dolan et al., 2016; Link, s & s,
2010; Patrick and Link, 2015a). | Based ﬂ

Fisheries
Stock assessments are no longer | Management Climate Habitat Predator
performed on single species, but EAEM
on an aggregated group of stocks. onrain * g, S
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aggregated BRPs (Fogarty et al., s *
2012; Gaichas et al., 2012a, 2012b; Species

Gamble and Link, 2012; Mueterand  Figyre 3: The difference in fisheries management styles. From
Megrey, 2006). Other types of Dglan et al. (2016).
models can be used too, including

food-web models and end-to-end models to aid in understanding potential wider ecological effects. Food
web models are models that capture all (major) prey-predator interactions of, often aggregated, groups in
an ecosystem. End-to-end models are similar to food-web models but explicitly include the effect of the
abiotic environment on biological community too (Fulton et al., 2011; Link et al., 2010; Townsend et al.,
2008). Decision criteria regarding environmental goals (e.g., conservation, ecosystem resilience, socio-
economic considerations) can be included in the management of the fish stocks and provide opportunities
to consider various scenarios on trade-offs between reaching different objectives (Dolan et al., 2016; Kellner
etal., 2011). At this point, BRPs are included as systemic reference points (SRPs), but SRPs can thus also relate
to other environmental objectives. While theoretically it is possible to set SRPs, often in practice this is not
done. Instead, BRPs are set that are derived and constrained by what is known about the ecosystem (Stram
and Evans, 2009). The use of FMPs per stock should be extended to fishery ecosystem plans (FEPs) to ensure
that fisheries are strategically managed based on tactical (short-term) and strategic (long-term) decisions,
sector level targets, and (environmental) goals (Dolan et al., 2016). Last, there should be enforceable
management decisions in place that have been agreed upon in advance, which are triggered when goals are
not met (Dolan et al., 2016). The management of EAFM is adaptive, thus goals should be regularly reviewed,
and as more information becomes available on environmental variability and change, and the effect of this
on the ecosystem, updated as necessary, along with other necessary changes as needed (Dolan et al., 2016).

Considering other sectors in the management plan alongside fisheries represents EBM. An accepted
definition of EBM is still not available, and many attempts have been made to define it (Dolan et al., 2016;

SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE www.south-atlantic-research.org



http://www.south-atlantic-research.org/

FAO, 2003). Generally, however, definitions including explicit focus on sustainability, ecological status (or

integrity or resilience), and marine spatial planning. The larger focus on the human dimension sets EBM apart
from EBFM (Dolan et al., 2016). This approach considers the multiple stressors that enact on marine
environments and aim to determine how best to manage a range of ecosystem services across sectors along
with quantifying the risks these ecosystem services are impeded because of environmental change or
management decisions. The implementation and monitoring of EBM success requires the use of both BRPS
and SRPs in an adaptive management approach.
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2. ECOSYSTEM-BASED FISHERIES MANAGEMENT (EBFM)

Conventional fisheries management tends to focus on one stock or one fishing sector (e.g., finfish,

groundfish, etc.) within rigid (e.g., exclusive economic zones) boundaries at the time. Advanced stock
assessments for target species may consider recruitment success and variability in response to
environmental conditions, predation mortality, or habitat suitability, but this approach is not standard across
stock assessments (Essington et al., 2016). In addition, these assessments do not consider the effects of food-
web interactions, bycatch, habitat needs, or behaviour of people and markets on stocks (Bayley et al., 2021;
Elliott et al., 2017; Hall and Mainprize, 2004; Kroetz and Sanchirico, 2015; Parsons, 2005). This can risk
estimating target species stock biomass levels or trajectories poorly, setting poor catch quotas, or have wider
negative ecological consequences, including on the ecosystem services produced by the ocean. Further, as
fishing sectors are often treated individually, this limits the opportunities to consider overarching
management goals and trade-offs between fisheries (Levin et al., 2018).

Recognising that fisheries operate in and are part of an interconnected system and need to be
managed in such a way is an important step forward towards creating and managing sustainable fisheries,
and this is the foundation of EBFM. In EBFM, the system in which fisheries operate is recognised to consist
of different ecological components (fish stocks, nontarget species, habitats, etc.) and ideally it includes socio-
economic components related to the fishery system (e.g., people employed in the fishing industry). The links
between these components (prey-predator interactions, market, or job links, etc.) can cover various
regulatory units and jurisdictions. This holistic, place-based management approach can allow for the
incorporation of social, economic, and cultural objectives alongside ecological ones, although a strong focus
on the human dimension would be considered EBM (Levin et al., 2018; Pinto, 2005). EBFM underpin the
needs of humanity for healthy, productive, and resilient ocean ecosystems for the use of the ocean’s
ecosystem services by current and future generations. In addition, it allows for a better identification and
understanding of the full suite of threats fisheries may face, identify elements that promote resilience, and
incorporate and consider environmental and ecological information in the setting of catch levels (Levin et al.,
2018).

EBFM is a framework that allows for the identification and incorporation of objectives from various
perspectives (e.g., industry, government, but also conservation, public). These objectives are ideally ranked
for importance by stakeholders together and implemented in a stepwise approach to build towards a
sustainable use of our ocean environment. The implementation and execution of this approach requires
guiding, overarching, and agreed upon principles (strategic objectives) by all stakeholders. For example,
NOAA identifies six guiding principles for their EFBM as follows>: (1) implement ecosystem-level planning; (2)
advance our understanding of ecosystem processes; (3) prioritise vulnerabilities and risks of ecosystems and
their components; (4) explore and address trade-offs within an ecosystem; (5) incorporate ecosystem
considerations into management advice; and (6) maintain resilient ecosystems. These principles form the
basis for setting (operational) objectives to manage the marine ecosystem sustainably, and in an adaptive
way. This approach recognises that setting clear objectives and reviewing success is important in moving
towards a sustainable management regime, and this requires stepwise change rather than implementing
everything all at once. Such an approach will also become increasingly important as climate change continues

hitps//www fisheries.noaa.gov/fopic/ecosystems/ecosystem-based-fishery-management
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to progress, as the EBFM allows for the identification and incorporation of climate change adaptation (CCA)

strategies. In addition, the stepwise iterative approach ensures that EBFM can be adapted for any region and
tools and data they have available to make a start with implementing EBFM practices.

EBFM requires, like conventional fisheries, performance measures and reference points to determine
success or whether change is required. Performance measures can be incorporated at different levels and
components in the framework. Thus, they do not solely have to address biological performance measures,
but they can also address economics or even management aspects (Grafton et al., 2007). These measures
will be indicators that can used to evaluate the success of the EBFM delivery and implementation (Hall and
Mainprize, 2004). Reference points can either relate to targets that are being build towards or maintained,
or limits that should not be exceed and if they are trigger certain management decisions (Hall and Mainprize,
2004). Reference points related to limits can be used as an ‘early warning’ indicator to reduce the probability
of harmful effects on a stock. When there is a high probability of harmful effects should the limit be exceeded,
or high uncertainty in what the value of the limit should be because of issues with estimation or observation,
or when management reactions are known to be slow, it is strongly advised to set a precautionary target
level to incorporate a conservative buffer in the stock and to allow time for (necessary) management changes
before harm occurs as a risk management tool (Arif, 2018a, 2018b; Hall and Mainprize, 2004; Macdonald,
1995). The assessments should be done periodically and be dependent on what they measure and when this
information needs to be available. To facilitate this evaluation, it is important that stakeholders agree on
these indicators and have a clear plan for action for when thresholds are reached and exceeded in advance
(Hall and Mainprize, 2004). The success of the use of performance measures and reference points are
determined by their formulation. Useful measures and points are quantifiable, simple, logical or relevant,
tractable, faithful, comparable and cost effective (Hall and Mainprize, 2004).

Performance measures and reference points are not new to the fishing industry; common examples
related to the status of a stock compared to its virgin biomass level (the level of biomass that would be
present without fishing), or a fraction of the maximum-sustainable-yield biomass, which in turn can be used
to set quotas, determine the status of the fishery or be used to create a recovery plan for a stock (Hall and
Mainprize, 2004). Reference points related to the status of a fishery or stock are often derived from stock
assessment models and/or other fish population dynamic models. It is important to recognise that the choice
of model, its assumptions, and information or data it can incorporate can influence the estimate of a
reference point (Hall and Mainprize, 2004). For example, some models (e.g., yield-per-recruit analyses) do
not incorporate recruitment, but focus on growth via mortality and weight, while other models (e.g.,
biomass-per-recruit analyses) can incorporate recruitment data (Gabriel and Mace, 1999). Ecosystem models
can provide additional information regarding the influence of food-web interactions and environmental
variability on specific groups besides stock assessments in EBFM and be used to derive aggregate quotas.

Conventional fisheries tend to focus explicitly and predominately on biological reference points
related to target species, although implicitly others may be included (e.g., related to employment or
maintaining status quo). Note that any aspect of the management process in the fishery can incorporate
performance measures and this can relate to non-stock related biological components, or social and
economic components of the system (ICES, 2001). For example, indicators focusing on achieving efficiency,
providing employment, minimizing conflicts, etc. focus on the socio-economic part of the fishery system
(Figure 4)(Hilborn, 2007). By incorporating explicit performance measures and reference points related to all
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these components, the step towards EBFM is taken. Indeed, often the simplest and most tractable step

towards the implementation of EBFM is incorporating performance measures and reference points for
nontarget species such as for example bycatch species, dependent species (e.g., predators of target species),
and species affected by scavengers (Hall and Mainprize, 2004; ICES, 2001).

Single-species reference points are for

now still the most practical option regarding

Human
dimension (social,
economic,

institutional)

the biological component in the system.

Besides single-species (biomass) metrics, a

multivariate approach that represents a

summarised, aggregated approach of a suite of
metrics has been proposed for EBFM (Link et
al., 2002). These metrics can include biotic
metrics related to resource dynamics (e.g.,
total biomass, (relative) abundances, species
richness, species evenness) and internal

Biological

community dynamics (e.g., mean animal length or weight,

linkage density, cannibalism, consumption,
maturity), or abiotic metrics related to physical
forcing (e.g., water temperature anomalies, El
Nifio-Southern Oscillation or North Atlantic

Ecosystem T i ]
Oscillation index), or human metrics (landings,

revenues, number of vessels)(Link et al., 2002).

Figure 4: the fishery system centres on three main ~ Other system reference points based on

components that each interact in their own way. theory, empirical data or simulations have been
proposed (Bundy et al., 2012; Coll et al., 2008;

Fay et al., 2011; Large et al., 2013; Libralato et al., 2008; Link, 2005; Murawski, 2000; Samhouri et al., 2010).
More importantly, however, is that selected metrics are evaluated over time, as system changes can provide
a basis for discussion on ecosystem issues amongst stakeholders in the fishery system (Hall and Mainprize,
2004). Emergent ecosystem-level properties, metrics or indicators are currently not available at a practical
level, which is often partly because there is a lack of understanding in the underlying causes or consequences
of ecosystem properties (e.g., change in biodiversity), or lack in agreement on what should be measured
(Cochrane, 2002; Hall and Mainprize, 2004; ICES, 2001; Link et al., 2002).

EBFM requires a co-management approach, where the fishing sector is involved in decision-making
to incorporate user knowledge in the process (Marshall, 2007). The benefit of the co-management approach
is a greater understanding of each other’s requirements, improving understanding in the rationale behind
management decisions, and the inclusion of local knowledge (Okes et al., 2012). Further, a sense of
ownership of fisheries can promote maintaining and especially in rebuilding stocks. When fishers have long-
term property rights or assurances that they will benefit from practices that promote stock rebuilding in the
future, they are often more likely to accept or even take the lead on implementing such measures (Grafton
etal., 2007, 2006; Hilborn et al., 2005). Larger involvement of fishers in decisions on the setting of catch limits
can promote compliance with the system, including accurate reporting on landings, bycatch, and discards,
which in turn are vital data for stock assessments (Grafton et al., 2007; Jentoft, 1989). Co-management
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requires a ‘bottom-up’ approach, wherein those making the decisions have the authority, accountability, and

responsibility to make decisions, and these decisions are transparent (Grafton et al., 2007). Transparency in
decision-making ensures that decision makers can be held accountable, promote greater acceptance of
outcomes across stakeholders, and provide opportunities to learn from past mistakes rather than repeating
them (Grafton et al., 2007). Via EBFM, governance aspects such as accountability, authority and
responsibility, transparency, incentives, risk and management, and adaptability are clearer established
between the different stakeholders, which is important as these factors can play a large role in improve
fisheries outcomes (Grafton et al., 2007).

Learning is essential across the board, and especially because of climate change (Berkes et al., 2003;
Walker et al., 2006). EBFM provides a framework were learning becomes systematic, which is more likely to
result in transformational change rather than learning by trial-and-error or via simple adjustments in a
narrow policy space (Ogier et al., 2016). Learning comes in in various forms in EBFM. Monitoring is needed
as feedback on generating new knowledge as well as understanding whether management decisions made a
difference or not (Armitage et al., 2008; Runge et al., 2010). This new knowledge provides a basis and can
indicate the direction for change (Ogier et al., 2016). It further aids in identifying whether resources were
used effectively or whether and how this can be improved (Armitage et al., 2008; Runge et al., 2010).
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3. EBFM IMPLEMENTATION

The theoretically discussions can often make it seem that implementing EBFM is difficult or impossible, but
this is rarely the case. There are now several guidelines and suggested approaches available (Garcia et al.,
2003; Levin et al., 2018) to help the process. It is important to recognise is that not everything has to be done
at once, but that a stepwise approach should be taken. Levin et al. (2018) provide a clear framework to
facilitate the implementation of EBFM via the creation of Fisheries Ecosystem Plans centred around learning
and adaptation. There are five main questions or steps related to this framework: (1) Where are we now? (2)
where are we going? (3) How will we get there? (4) How will we implement the plan? (5) Did we make it?
Between steps 3-5 there are opportunities for learning and adapting (Figure 5).

Y

1. WHERE ARE WE NOW?

+ Develop a conceptual model

» Select and calculate indicators
¢ Inventory threats

i 4

5. DID WE MAKE IT? 2. WHERE ARE WE GOING?
» Compare monitoring o Articulate a vision
data with predictions « Develop strategic objectives
LEARN o Analyze risks to meeting strategic
AND objectives
ADJUST s Prioritize strategic objectives

« Develop operational objectives

e

el
4. IMPLEMENT THE PLAN 3. HOW WILL WE GET THERE?
* Work plan » Develop performance measures
* Resources » |dentify potential management strategies
« Qutputs + Evaluate consequences of alternative
« Timeline management actions

» Select management strategy

Figure 5: EBFM framework demonstrating the iterative cycle and opportunities for learning in a fishery
system. From Levin et al. (2018).

(1) Where are we now?

An understanding of the current situation is necessary as a basis to start from. This requires first the
development of a conceptual model that captures the ecological, economic, and social components of the
ecosystems, the identification of the institutions involved, and the links or connections between the
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components and institutions (Levin et al., 2018). Second, the status or health and trends of key components

should be inventoried, alongside with their threats (Levin et al., 2018). Identified threats to the marine
ecosystem should be accompanied by information on which component(s) they act, their spatial scales, and
the frequency and magnitude of the threats. This will form a basis for calculating the risk of each threat
(Hilborn, 2007) in later steps.

The development of the conceptual model and inventory lists is ideally conducted with stakeholders,
as it provides a platform to discuss values and goals, foster communication between different parties, and
increase the collective understanding of the system (Garcia et al., 2003; Hannesson, 2004; Pauly et al., 2002).
In addition, this platform can be used to determine what the proper (and possible) indicators are for tracking
status and trends in the key components. That is, identifying what can be used as metrics for reference points
or performance measures. Ideally, indicators can be observed, are based on (well-defined) theory,
understandable for all parties involved, cost effective, sensitive, and responsive to reflect the properties they
intend to measure, and reflected in historical time series (Levin et al., 2018).

(2) Where are we going?

To aid the establishment of clear goals for the fishery system, a vision statement should be developed. This
vision statement should be durable, set the ambition and goal for the fishery system, be resistant to staff and
organisational change, and include the core values and purposes of all parties involved, which means it must
be broad (Crowder et al., 2006; Healey and Hennessey, 1998; Pearse and Walters, 1992). Well planned and
communicated vision statements can aid the mission by linking all levels of planning and goal setting
together, and this can have a positive effect on organisational performance (Food and Agricultural
Organization of the United Nations, 1995; Garcia et al., 2003; Hannesson, 2004, 2004; Pauly et al., 2002).

Several strategic objectives (or guiding principles) should be developed based on the vision
statement, which allow the vision statement to become actionable and attainable (McEvoy, 1988; Pinkerton,
1994). Strategic objectives are therefore more focused on specific key components. Strategic objectives may
be codified in law, but this is not a prerequisite and can reflect matters important to stakeholders (Levin et
al., 2018). Strategic objectives can relate to aims of understanding the ecosystem better (often to reduce
uncertainty in indicators), communicate the aim of implementing EBFM, and focus on addressing potential
threats to the fishery system.

Many strategic objectives can be derived for a system, with multiple strategic objectives for each
component of the system. However, it is impossible to implement or address these objectives all at once.
Instead, the objectives need to be ranked, with input from all stakeholders. There are a few considerations
that can provide a basis to rank strategic objectives. A systematic first approach is conducting risk
assessments for meeting/not meeting strategic objectives. Risk assessments provide scores, and these risk
values provide a ranking of strategic objectives (Paterson and Petersen, 2010). It requires an understanding
of which threats are likely to have an impact on the system, how large this impact may be, where the impacts
may occur (which key component), and how this relates to the fishery system as a whole (Holsman et al.,
2017; Levin et al., 2018; Paterson and Petersen, 2010). Besides risk assessments, knowledge on status and
trends can provide an indication of urgency or prioritisation of certain strategic objectives (Levin et al., 2018).
Last, practical issues such as feasibility, logistics, governance and institutional issues, stakeholder support,
threat reversibility, and implementation costs (for each objective) should be considered as well. These
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considerations need to be documented so that criteria for ranking and selecting priority objectives remain

clear and transparent for all parties involved in the future (Grafton et al., 2007; Wilson et al., 2006).

The ranked strategic objectives provide a basis to select strategic objectives for which operational
objectives can be developed. Strategic objectives are high-level statements that provide direction and vision,
while operational objectives are practicable and actionable (Levin et al., 2018). Operational objectives should
follow the SMART principle: specific, measurable, achievable, realistic, and time-bound (Levin et al., 2014;
Mace et al., 2009). Operational objectives delineate what FEPs will and will not address, enable progress to
the measurable end goal, ensures that EFBM remains feasible (rather than stretching the efforts too thin),
and focus on changing the system in such a way that creates the largest amount of benefit to the whole
ecological-economic-social system (Levin et al., 2018).

It is important to recognise that not everything can or has to be done immediately. The number of,
and which, operational objectives can be developed will, for example, depend on the institutions involved,
resource availability (human, time), and tools available. The list of strategic objectives or possible operational
objectives will remain available and can be incorporated in later iterations of the process. In this way, the
EBFM approach can be adapted to the regional needs and available tools, information, and resources.

(3) How will we get there?

The development of the operational objectives provides the starting point to implement the FEP.
Performance measures and reference points (BRPs and SRPs) which are related to operational objectives and
are responsive to management actions are needed to track the success of operational objectives (Levin et
al., 2018, 2015; Samhouri et al., 2017, 2012, 2011). The selection of appropriate indicators may be dependent
on available technical experts and data, and can be supported by (large, complex) ecosystem models, but
this latter is not always necessary nor is it required to start the EBFM implementation (Craig and Link, 2023;
Levin et al., 2018). As review is part of the FEP, indicators and tools can be updated when necessary and
possible each iteration.

The performance measures and reference point indicators provide a basis to create alternative
management scenarios or actions, including for what to do if thresholds are crossed. For example, this may
trigger management actions such as changing catch limits or closing area under some scenarios, while
instigate meetings to either scientifically review the information and provide guidance to managers or
stakeholder discussions to determine potential solutions in others (Levin et al., 2018). This review of
alternatives may also provide input in improving survey designs to increase the accuracy and precision of
indicator measures, which in turn can be incorporated in updated risk assessments (Levin et al., 2018;
Paterson and Petersen, 2010).

The alternative scenarios need to be analysed to determine the robustness of management
strategies, and which scenarios lead to greater system benefits and minimization of negative impacts.
Management strategy evaluation (MSE) is a common policy analysis approach that tests the strengths and
weaknesses of alternative scenarios based on indicators, and works well to eliminate poorly performing
strategies, and identify which strategies promote resilience in the fishery system, but it does not provide an
indication of the ‘best’ approach (Fulton et al., 2015, 2014; Patrick and Link, 2015b; Smith, 1994). This is in
part related to the complexity of EBFM, but it is also a benefit to have multiple options of management
scenarios as the selection of one scenario over another can influence the EBFM implementation plan. It is
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important to note that MSE is useful given the uncertainties in indicators and historical trends. For example,

there may be uncertainty in knowing initial overexploitation, fishing or natural mortality rates, fluctuations
in and causes thereof in populations, etc (Ludwig et al., 1993). By using planned alternative scenarios in
computer models, simulations can be run to assess the likely effectiveness, but eliminate poor strategies for
at least some unforeseen effects (Link et al., 2002; Thurstan et al., 2015). The results of the MSE, and criteria
for selecting the final management strategy should therefore be well documented and be transparent, so it
will remain useful as a resource over the years (Grafton et al., 2007; Levin et al., 2018).

(4) How to implement the plan?

With the information and prioritised objectives from steps 1-3, projects can be developed to facilitate EBFM
implementation. The design of the projects needs to consider time allocation, funding, and human resources.
Thus, here it becomes obvious what the benefit is of the MSE as this process will likely provides various strong
management options, which may require the support of different projects. Each project can be costed to
determine the best management option for this round. Besides determining cost and resource need for each
project, they should also be clearly defined in their scope. This means that the specific work done is outlined,
why it is necessary to do this work and how it relates to the vision, and strategic and operational objectives,
what tools are required to conduct the work, what the project outputs are, and how this project relates to
other projects (Levin et al., 2018).

Projects in this step can be similar to projects for SSFM or EAFM, like for example fisheries survey
projects. However, given the holistic approach of EBFM, focus on other ecosystem components is needed,
and therefore there can be projects focusing on non-target, and biophysical and socioeconomic indicators
(Samhouri et al., 2017). For example, projects can focus on reducing bycatch strategies, improving habitat
quality, establishing marine protected areas or other conservation practices, assessing prey dynamics,
dispersal dynamics, assessing influence of fisheries on local jobs or markets or perception, health and safety
at sea, compliance at sea, etc. It is possible to create incentives via these projects to promote certain
behaviours (Carwardine et al., 2009; Samhouri et al., 2012).

(5) Did we make it?

Regular reviews of performance are vital for monitoring the success of the EBFM implementation. These
reviews provide the opportunity to determine if the management strategies chosen and implemented in the
previous steps improve or maintained ecosystem health, status, and provisioning of ecosystem services, or
whether there may be unexpected and unintended effects (Levin et al., 2018). The periodicity of review may
vary depending on the indicators. For example, it is likely that most can be reviewed at least annually, but
some, and especially those related to catch limits or success may need to be reviewed at a higher temporal
resolution that is more sensible for the fishery. Upon review, it is possible that changes need to be made on
previous plans developed in steps 3 and/or 4, or that with the new information available other strategic or
operational objectives can be addressed. Larger changes are likely required in the first few rounds of the
process as critical unknowns or unexpected consequences are identified. It further provides the ability to
customise the EBM implementation further to the needs and constraints of the region (Levin et al., 2018).
Last, the EBFM approach prepares the fishery system and its management for future challenges under
climate change.
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The iterative and adaptability of the process described above underlines that it is currently possible
to implement EBFM in most if not any fishery. This approach does not require drastic changes to fishery
governance (Patrick and Link, 2015b). While a mandate to implement EBFM can aid the process as it signals
clear intention, this top-down signal is not necessary for implementation, nor has it stopped EBFM
implementation before (Tromble et al., 2008). Extensive data and complex models, although helpful, are not
necessary to make a start on implementation, as these can be incorporated into the process and improved
upon during later iterations when larger understanding is created because of the learning process. Further,
it is important to recognise that model complexity depends on the factors included in the model and how
uncertainty is incorporated (Link et al., 2012, 2010). The key thing is to recognise which processes in the
system are important and require more detail, and which part of the ecosystem does not, and what type of
model (qualitative, semiquantitative, quantitative) is needed; these decisions are part of the EBFM process
(Patrick and Link, 2015b). There may be a worry that allowable catches may be reduced under EBFM because
of precautionary limits based on uncertainty or protection measures for nontarget species, but these
assumptions are often based on predicted single-species yields rather than the aggregated yield, with the
latter often not changing in analyses (Lucey et al., 2012; Patrick and Link, 2015b). Further, the economic value
of the landings may stay constant and may even increase over time when groups are recovering (Patrick and
Link, 2015b). Further, improved resilience in the ecological component of the system will benefit the stability
of the socioeconomic components in the system (Patrick and Link, 2015b).
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4. WHAT CAN SUPPORT THE SUCCESS OF EBFM?

The success of the FEP and thus implementation of EBFM can depend on effective stakeholder participation,

and adequate representation of each stakeholder group, both which may require trust (Levin et al., 2018;
Porobic et al., 2018). It is therefore worth investing in well-trained facilitators, especially in the beginning,
when contentious issues may be discussed (Levin et al., 2018). Stakeholder participation and transparent
documentation of decisions made can also aid in building trust and understanding among groups (Grafton et
al., 2007; Levin et al., 2018).

To facilitate EBFM and promote its success, training in EBFM is required that is accessible and useful
to all stakeholders involved (e.g., fisher people, compliance officers, observers, managers, etc.)(Okes et al.,
2012). It is recommended that such a course is made available alongside stakeholder meetings to discuss
other matters related to decision making (Okes et al., 2012).

The success of EBFM can also depend on the selection of indicators. If poor indicators are chosen,
then progress is not evaluated properly, and issues may not be recognised or solved (Porobic et al., 2018).
Management structure and scientific councils play a role in this via data collection, analyses, and evaluation.
Their work may traditionally be more focused on single species, but efforts are needed to shift the mindset
to ecosystem perspectives (Porobic et al., 2018).

Implementing EBFM can make the decision-making process more complex, because of the use of
probabilities and uncertainty which can be difficult to understand, and the increased number of components
which will bring together (potentially) competing ecosystem objectives (Garcia and Cochrane, 2005; McEvoy,
1988). However, via EBFM governance aspects such as accountability, authority and responsibility,
transparency, incentives, risk assessments and management, and adaptability are clearer established
between the different stakeholders, and these factors often improve fisheries outcomes (Grafton et al.,
2007).

Part of the success in EBFM lies in its adaptability. Given that the ocean is an uncertain system
because many processes are still not well understood, or have data covering long periods of time, being able
to adapt is useful. It provides the opportunity to be flexible and responsive to change and especially
unexpected change, allows for the systematic consideration of alternative options and states and linking this
to trade-offs, allow for experimentation (when appropriate) to promote learning, improve decision making
via available simulations of different policies, and as a result provide quicker and better-informed responses
to unexpected situations. The success does depend on the flexibility of institutes or institutional structures
to adjust, but it also highlights the nested structure in management that makes it clear how this flexibility in
management structures can be promoted (Grafton et al., 2007).
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5. EBFM AND CLIMATE CHANGE ADAPTATION

EBFM lends itself to consider and incorporate alternative climate change adaptation (CCA) strategies in

management plans to minimise climate change impacts on fisheries. Indeed, similar strategies and
requirements (e.g., stakeholder participation, implementation across levels of governance, experimentation,
and learning, recognising connections) have been proposed for CCA. The impacts of climate change on
fisheries will vary between regions and possibly fishing sectors in the same area (Daw et al., 2009; Madin et
al., 2012). As stated before, EBFM lends itself to be adapted to specific regional needs, and thus it is a useful
framework to incorporate CCA strategies (Ogier et al., 2016). Success of incorporating CCA into this
framework depends in part on the way public policy is enacted; ideally CCA strategies are incorporated into
all areas of public policy making, implemented at all levels of governance (local, national, or international
level), and focus on both mitigation and adaptation strategies (Ogier et al., 2016). Other obstacles towards
improving adaptation capacity can be identified by asking ‘who should adapt’ (i.e., individuals, communities,
governments), ‘what should be adapted’ (i.e., what is the scale of adaptation - local, regional, national) and
‘how to adapt’ (i.e., what resources or capital are available for adaptation, will it be reached via a bottom-up
or top-down approach)(Grafton, 2010). These considerations can be discussed alongside the standard
considerations for EBFM in the framework. Long-term benefits are more likely to occur when strategies focus
on building and maintaining resilience and adaptive capacity in the fishery system, while successes can be
hampered by a strong focus on short-term fixes or when implementation is slow (Madin et al., 2012;
Mcllgorm et al., 2010; Ogier et al., 2016). Implementing long-term, anticipatory strategies can contribute to
reducing economic costs in the future, reduce vulnerability, and allow systems at risk to build up a buffer.
These strategies may need to be accompanied by certain precautionary conservation strategies (e.g., marine
protected areas) and placements of such place-based strategies need to be considered in the whole
framework (Serrao-Neumann et al., 2016).

The management style of the fishery system influences the potential for CCA possibilities.
Management should be co-management, as this style provides a platform between stakeholders to discuss
and resolve issues, share knowledge, build understanding of various needs, allows for discussion and
transparency in trade-offs necessary in decision-making, improves acceptance in decisions, underlines the
shared responsibility, empowers stakeholders and build capacity, provides opportunities in shared and
systematic learning and innovation, improves long-term planning, and provides the flexibility to cope with
changes caused by climate change (Mcllgorm et al., 2010; Ogier et al., 2016). Adopting EBFM means the
management style becomes adaptive co-management, allowing for the incorporation of fishery system
complexity and uncertainty which is especially useful in the face of climate change, and the iterative approach
of EBFM towards ecosystem management allows for managing for short- and long-term impacts (Allen et al.,
2011; Arvai et al., 2006; Berkes, 2012; Lester et al., 2010). Learning is essential across the board, and
especially because of its role in reducing uncertainty associated with climate change effects (Ogier et al.,
2016; Walker et al., 2006). Adaptive co-management further implies that barriers to adaptation strategies
are reviewed across a wider range of options than traditional management styles can — there are more
opportunities to address issues across the ecological-economic-social context of an ecosystem than, for
example, what is possible in the context of SSAFM. This raises the likelihood and capacity to confront and
address complex issues (Ogier et al., 2016).
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Incorporating CCA in EBFM can aid the fishing industry in anticipating uncertainty and/or changes to

their practices. Traditionally, fishing can be restrictive to certain areas and/or seasons through legislation. As
climate change continues, resilience in the fishing industry may require more flexibility in, for example but
not limited to, the timing of the fishing seasons and/or fishing areas. These strategies (or checks) can be
incorporated as strategic and operational objectives in the EBFM framework, allowing the fishing sector to
be more reactive and adaptable to climate change, but only as long as this is accompanied by appropriate
changes in policy. This is an example of where slow response in legislative change can hamper the success of
EBFM. Legislation needs to be changed such that it allows for strategic planning for variability, uncertainty,
and flexibility in the fishing sector (Mcllgorm et al., 2010). The benefit of preparing for these situations means
that fishing efforts can be spread over time and/or space to reduce the vulnerability of the target species and
wider ecosystem (Mcllgorm et al., 2010). Further, it can set the flexibility too for developing new fisheries for
species that are moving polewards and possible replace or supplement traditional target species catches
(Mcllgorm et al., 2010). The adaptability can also result in planning resources more efficiently in a changing
environment, and as a last resort can aid for planning for potential resource declines (Mcllgorm et al., 2010).
Of course, these options need to be explored in conjunction with other objectives for the fishery system.

The inclusion of monitoring programmes in EBFM is even more important for the consideration of
climate change effects. Changes may occur over a long period so that they are difficult to detect, risking a
‘shifting baseline syndrome’ situation. The shifting baseline syndrome is a situation when environments are
degraded, and these changed environments are accepted as the norm, which has implications for protection
and conservation, recognising population declines, building resilience in the system, and recognising
thresholds (Soga and Gaston, 2018). This situation is especially likely to happen when information about the
past is not available (Soga and Gaston, 2018). In addition, monitoring can aid in determining the trajectory of
change. Changes may seem linear, but more likely there are nonlinear, which can result in sudden large-scale
changes which are more difficult to manage (Brander, 2009). Changes may also be scale- or context-specific,
and thus the choice of indicators to aid in detecting climate change effects is critical (Serrao-Neumann et al.,
2016). Monitoring allows for the early detection of trends and approaching tipping points and therefore
provide guidance on what needs to be done and when. Monitoring also provides a basis for building up our
knowledge on the ecosystem and its complexity which improves the conceptual model of the area and allows
us to improve on the development of objectives and indicators, and ultimately decision making. Last,
monitoring can provide another avenue for stronger collaboration between different institutes and
organisations, thereby reinforcing that EBFM success is built upon collaboration and stakeholder
participation.

SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE www.south-atlantic-research.org 18



http://www.south-atlantic-research.org/

6. REFERENCES

Allen, C.R., Fontaine, J.J., Pope, J., Garmestani, A.S., 2011. Adaptive management for a turbulent future. Journal of
Environmental Management 92, 1339-1345.

Allison, E.H., Perry, A.L., Badjeck, M.-C., Adger, W.N., Brown, K., Conway, D., Halls, A.S., Pilling, G.M., Reynolds, J.D.,
Andrew, N.L., Dulvy, N.K., 2009. Vulnerability of national economies to the impacts of climate change on fisheries. Fish
and Fisheries 10, 173-196.

Arif, A.A., 2018a. Legal status of the precautionary principle in international fisheries law and its application in the
marine fisheries regime of Bangladesh. Asia-Pacific Journal of Ocean Law and Policy 3, 95-114.

Arif, A.A., 2018b. Exploring the legal status and key features of ecosystem-based fisheries management in international
fisheries law. Review of European, Comparative & International Environmental Law 27, 320-331.

Armitage, D., Marschke, M., Plummer, R., 2008. Adaptive co-management and the paradox of learning. Global
Environmental Change 18, 86—98.

Arvai, J., Bridge, G., Dolsak, N., Franseze, R., Koontz, T., Luginbuhl, A., 2006. Adaptive management of the global climate
problem: bridging the gap between climate research and climate policy. Climatic Change 78, 217-225.

Bailey, R.M., van der Grient, J.M.A., 2020. OSIRIS: A model for integrating the effects of multiple stressors on marine
ecosystems. Journal of Theoretical Biology 493. https://doi.org/10.1016/].jtbi.2020.110211

Bayley, D.T.l., Brickle, P., Brewin, P.E., Golding, N., Pelembe, T., 2021. Valuation of kelp forest ecosystem services in the
Falkland Islands: A case study integrating blue carbon sequestration potential. One Ecosystem 6.
https://doi.org/10.3897/oneeco.6.€62811

Beamish, R.J., Noakes, D.J., 2002. The role of climate in the past, present, and future of Pacific salmon fisheries off the
west coast of Canada, in: McGinn, N.A. (Ed.), Fisheries in a Changing Climate. American Fisheries Society, Maryland,
USA, pp. 231-244.

Bell, J.D., Ganachaud, A., Gehrke, P.C., Griffiths, S.P., Hobday, A.J., Hoegh-Guldberg, O., Johnson, J.E., Le Borgne, R.,
Lehodey, P., Lough, J.M., Matear, R.J., Pickering, T.D., Pratchett, M.S., Gupta, A.S., Senina, |., Waycott, M., 2013. Mixed
responses of tropical Pacific fisheries and aquaculture to climate change. Nature Climate Change 3, 591-599.
https://doi.org/10.1038/nclimate1838

Berkes, F., Colding, J., Folke, C., 2003. Navigating social-ecological systems: building resilience for complexity and
change. Cambridge University Press, Cambridge, UK.

Berkes, S.E., 2012. Implementing ecosystem-based management: evolution or revolution? Fish and Fisheries 143, 576—
587.

Bindoff, N.L., Cheung, W.W.L., Kairo, J.G., 2019. Changing ocean, marine ecosystems, and dependent communities, in:
IPCC Special Report on the Ocean and Cryosphere in a Changing Climate. IPCC.

Brander, K.M., 2009. Impacts of climate change on fisheries. Journal of Marine Systems 79, 389-402.

Bundy, A., Bohaboy, E.C., Hjermann, D.O., Mueter, F.J., Fu, C., Link, J.S., 2012. Common patterns, common drivers:
comparative analysis of aggregate systemic surplus production across ecosystems. Marine Ecology Progress Series 459,
203-218.

Carwardine, J., Klein, C.J., Wilson, K.A., Pressey, H.P., Possingham, H., 2009. Hitting the target and missing the point:
target-based conservation planning in context. Conservation Letters 2, 4-11.

Cheung, W.W.L., Pinnegar, J.K., Merino, G., Jones, M.C., Barange, M., 2012. Review of climate chnage impacts on marine
fisheries in the UK and Ireland. Aquatic Conservation: Marine and Freshwater Ecosystems 22, 368—388.

Clark, R.A., Fox, C.J., Viner, D., Livermore, M., 2003. North Sea cod and climate change - modelling the effects of
temperature on population dynamics. Global Change Biology 9, 1669—-1680.

SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE www.south-atlantic-research.org 19



http://www.south-atlantic-research.org/

Cochrane, K.J., 2002. Chapter 5: the use of scientific information in teh design of management strategies, in: Cochrane,
K.L. (Ed.), A Fishery Manager’s Guidebook. Management Measures and Their Application. FAO Fish. Tech. Paper 424,
Rome, Italy, p. 231.

Coll, M., Libralato, S., Tudela, S., Palomera, I., Pranovi, F., 2008. Ecosystem overfishing in the ocean. PLOS ONE 3, e3881.

Craig, J.K., Link, J.S., 2023. It is past time to use ecosystem models tactically to support ecosystem-based fisheries
management: Case studies using Ecopath with Ecosim in an operational management context. Fish and Fisheries 24,
381-406. https://doi.org/10.1111/faf.12733

Crain, C.M., Kroeker, K., Halpern, B.S., 2008. Interactive and cumulative effects of multiple human stressors in marine
systems. Ecology Letters 11, 1304-1315. https://doi.org/10.1111/j.1461-0248.2008.01253.x

Crowder, L.B., Osherenko, G., Young, O.R., Airame, S., Norse, E.A., Baron, N., Day, J.C., Douvere, F., Ehler, C.N., Halpern,
B.S., Langdon, S.J., McLeod, K.L., Ogden, J.C., Peach, R.E., Rosenberg, A.A., Wilson, J.A., 2006. Resolving mismatches in
US ocean governance. Science 313, 617-618.

Daw, T., Adger, W.N., Brown, K., Badjeck, M.-C., 2009. Climate change and capture fisheries: potential impacts,
adaptation and mitigation, in: Cochrane, K., De Young, C., Soto, D., Bahri, T. (Eds.), Climate Change Implications for
Fisheries and Aquaculture: Overview of Current Scientific Knowledge. FAO Fish. Tech. Paper 530, Rome, Italy, pp. 107—
150.

Dolan, T.E., Patrick, W.S., Link, J.S., 2016. Delineating the continuum of marine ecosystem-based management: a US
fisheries reference  point  perspective. ICES Journal of Marine  Science 73, 1042-1050.
https://doi.org/10.1093/icesjms/fsv242

Doney, S.C., Ruckelshaus, M., Duffy, J.E., Barry, J.P., Chan, F., English, C.A., Galindo, H.M., Grebmeier, J.M., Hollowed,
A.B., Knowlton, N., Polovina, J., Rabalais, N., Sydeman, W.J., Talley, L.D., 2012. Climate change impacts on marine
ecosystems. Annual Review of Marine Science 4, 11-37.

Dueri, S., Bopp, L., Maury, 0., 2014. Projecting the impacts of climate change on skipjack tuna abundance and spatial
distribution. Global Change Biology 20, 742—753.

Elliott, S.A.M., Sabatino, A.D., Heath, M.R., Turrell, W.R., Bailey, D.M., 2017. Landscape effects on demersal fish revealed
by field observations and predictive seabed modelling. PLOS ONE 12, e0189011.

Essington, T.E., Levin, P.S., Marshall, K.N., Koehn, L.E., Anderson, L.G., Bundy, A., Carothers, C., Coleman, F., Grabowski,
J.H., Gerber, L.R., Houde, E., Jensen, O.P., Mollmann, C., Rose, K., Sanchirico, J.N., Smith, A.D.M., 2016. Building effective
fishery ecosystem plans: a report from the Lenfest Fishery Ecosystem Task Force. Lenfest Ocean Program, Washington
D.C.

FAO, 2003. The ecosystem approach to fisheries (No. FAO Technical Guidelines for Responsible Fisheries), 4, Suppl. 2.
FAO, Rome, Italy.

Fay, G., Punt, A.E., Smith, A.D.M., 2011. Impacts of spatial uncertainty on performance of age structured-based harvest
strategies for blue eye trevalla (Hyperoglyphe antarctica). Fisheries Research 110, 391-407.

Fogarty, M.J., Overholtz, W.J,, Link, J.S., 2012. Aggregate surplus production models for demersal fishery resources of
the Gulf of Maine. Marine Ecology Progress Series 459, 247-258.

Food and Agricultural Organization of the United Nations, 1995. Code of Conduct for Responsible Fisheries. Rome, Italy.

Fredston, A.L., Cheung, W.W.L., Frolicher, T.L., Kitchel, Z.J., Maureaud, A.A., Thorson, J.T., Auber, A., Mérigot, B.,
Palacios-Abrantes, J., Palomares, M.L.D., Pecuchet, L., Shackell, N.L., Pinsky, M.L., 2023. Marine heatwaves are not a
dominant driver of change in demersal fishes. Nature 621, 324-329. https://doi.org/10.1038/s41586-023-06449-y

Frusher, S., Hobday, A.J., Jennings, S., Pecl, G., Haward, M., Nursey-Bray, M., Holbrook, N.J., van Putten, I., Creighton,
C., D’Silva, D., 2014. History of adaptation research in a marine climate change hotspot - from anecdote to action in
south-east Australia. Reviews in Fish Biology and Fisheries 24, 593—-611.

SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE www.south-atlantic-research.org

20


http://www.south-atlantic-research.org/

Fulton, E.A., Boschetti, F., Sporcic, M., Jones, T., Little, L.R., Dambacher, J.M., Gray, R., Scott, R., Gorton, R., 2015. A
multi-model approach to engaging stakeholder and modellers in complex environmental problems. Environmental
Science and Policy 47, 44-56.

Fulton, E.A,, Link, J.S., Kaplan, I., Savina-Roll, M., Johnson, P., Ainsworth, C.H., Horne, P., Gorton, R., Gamble, R.J., Smith,
A.D.M., Smith, D.C., 2011. Lessons in modeling and management of marine ecosystems: the Atlantic experience. Fish
and Fisheries 12, 171-188.

Fulton, E.A., Smith, A.D.M., Smith, D.C., Johnson, P., 2014. An integrated approach is needed for ecosystem based
fisheries management: Insights from ecosystem-level management strategy evaluation. PLoS ONE 9.
https://doi.org/10.1371/journal.pone.0084242

Gabriel, W.L., Mace, P.M., 1999. A review of biological reference points in teh context of the precautionary approach
(NOAA Technical Memorandum No. NMFS-F/SPO-40).

Gaichas, S.K., Bundy, A., Miller, T.J., Moksness, E., Stergiou, K.l., 2012a. What drives marine fisheries production? Marine
Ecology Progress Series 459, 159-163.

Gaichas, S.K., Gamble, R., Fogarty, M.J., Benoit, H., Essington, T.E., Fu, C., Koen Alonso, M., Link, J.S., 2012b. Assembly
rules for aggregate-species production models: simulations in support of management strategy evaluation. Marine
Ecology Progress Series 459, 275-292.

Gamble, R.J., Link, J.S., 2012. Using an aggregate production simulation model with ecological interactions to explore
effects of fishing and climate on a fish community. Marine Ecology Progress Series 459, 259-274.

Garcia, S.M., Cochrane, K.L., 2005. Ecosystem approach to fisheries: a review of implementing guidelines. ICES Journal
of Marine Science 62, 311-318.

Garcia, S.M., Zerbi, A., Aliaume, C., Do Chi, T., Lasserre, G., 2003. The ecosystem approach to fisheries. Issues,
terminology, principles, institutional foundations, implementation and outlook (No. FAO Fishereis Technical Paper No.
443). FAO, Rome, ltaly.

Grafton, R.Q., 2010. Adaptation to climate change in marine capture fisheries. Marine Policy 34, 606-615.
https://doi.org/10.1016/j.marpol.2009.11.011

Grafton, R.Q., Arnason, R., Bjgrndal, T., Campbell, D., Campbell, H.F., Clark, C.W., Connor, R., Dupont, D.P., Hannesson,
R., Hilborn, R., Kirkley, J.E., Kompas, T., Lane, D.E., Munro, G.R., Pascoe, S., Squires, D., Steinshamn, S.I., Turris, B.R.,
Weninger, Q., 2006. Incentive-based approaches to sustainable fisheries. Canadian Journal of Fisheries and Aquatic
Sciences 63, 699-710.

Grafton, R.Q., Kompas, T., McLoughlin, R., Rayns, N., 2007. Benchmarking for fisheries governance. Marine Policy 31,
470-479. https://doi.org/10.1016/j.marpol.2006.12.007

Hall, S.J., Mainprize, B., 2004. Towards ecosystem-based Fisheries management. Fish and Fisheries 5, 1-20.
Hannesson, R., 2004. The privatization of the oceans. The MIT Press, Cambridge, MA.

Healey, M.C., Hennessey, T., 1998. The paradox of fairness: the impact of escalating complexity on fisheries
management. Marine Policy 22, 109-118.

Hilborn, R., 2007. Defining success in fisheries management and conflicts in objectives. Marine Policy 31, 153-158.

Hilborn, R., Orensanz, J.M., Parma, A.M., 2005. Institutions, incentives and the future of fisheries. Philosophical
Transactions of the Royal Society B: Biological Sciences 360, 47-57.

Hobday, A.J., Tegner, M.J., 2002. The warm and the cold: influence of temperature and fishing on local population
dynamics of red abalone. California Cooperative Oceanoic Fisheries Investigations Reports 43, 74-96.

Holling, C.S., 1973. Resilience and stability of ecosystems. Annual Review of Ecology and Systematics 4, 1-23.

SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE www.south-atlantic-research.org 21



http://www.south-atlantic-research.org/

Hollowed, A.B., Bond, N.A., Wilderbuer, T.K., Stockhausen, W.T., A’mar, Z.T., Beamish, R.J., Overland, J.E., Schirripa, M.J.,
2009. A framework for modelling fish and shellfish responses to future climate change. ICES Journal of Marine Science
66, 1584—1594.

Holsman, K., Samhouri, J., Cook, G., Hazen, E., Olsen, E., Dillard, M., Kasperski, S., Gaichas, S.K., Kelbe, C.R., Fogarty, M.J.,
Andrews, K., 2017. An ecosystem-based approach to marine risk assessment. Ecosystem Health and Sustainability 3,
e01256.

ICES, 2001. Report of the working group on ecosystem effects of fishing (No. ICES CM/ACME/E:09).

IPCC, 2022. Climate change 2022: Impacts, Adaptation, and Vulnerability. Contributions of Working Group Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK, p.
3056.

Jentoft, S., 1989. Fisheries co-management: delegating governemnt responsibility to fishermen’s organizations. Marine
Policy 13, 137-151.

Kellner, J.B., Sanchirico, J.N., Hastings, A., Mumby, P.J., 2011. Optimizing for multiple species and multiple values:
tradeoffs inherent in ecosystem-based fisheries management. Conservation Letters 4, 21-40.

Keyl, F., Wolff, M., 2008. Environmental variability and fisheries: what can models do? Reviews in Fish Biology and
Fisheries 18, 273-299.

Kroetz, K., Sanchirico, J.N., 2015. The bioeconomics of spatial-dynamic systems in natural resource management. Annual
Review of Resource Economics 7, 189-207.

Lan, K.-W., Evans, K., Lee, M.-A., 2013. Effects of climate variability on the distribution and fishing conditions of yellowfin
tuna (Thunnus albacares) in the western Indian Ocean. Climatic Change 119, 63-77.

Large, S.l., Fay, G., Friedland, K.D., Link, J.S., 2013. Defining trends and thresholds in responses of ecological indicators
to fishing and environmental pressures. ICES Journal of Marine Science 70, 755-767.

Lester, S.E., McLeod, K.L., Tallis, H., Ruckelshaus, M., Halpern, B.S., Levin, S.A., 2010. Science in support of ecosystem-
based management for the US West Coast and beyond. Biological Conservation 143, 576-587.

Levin, P.S., Essington, T.E., Marshall, K.N., Koehn, L.E., Anderson, L.G., Bundy, A., Carothers, C., Coleman, F., Gerber, L.R.,
Grabowski, J.H., Houde, E., Jensen, O.P., Méllmann, C., Rose, K., Sanchirico, J.N., Smith, A.D.M., 2018. Building effective
fishery ecosystem plans. Marine Policy 92, 48-57. https://doi.org/10.1016/j.marpol.2018.01.019

Levin, P.S., Kelble, C.R., Shuford, R.L., Ainsworth, C., deReynier, Y., Dunsmore, R., Fogarty, M.J., Holsman, K., Howell,
E.A., Monaco, M.E., Oakes, S.A., Werner, F., 2014. Guidance for implementation of integrated ecosystem assessments:
a US perspective. ICES Journal of Marine Science 71, 1198-1204. https://doi.org/10.1093/icesjms/fst112

Levin, P.S., Williams, G., Rehr, A., Norman, K.C., Harvey, C.J., 2015. Developing conservation targets in social-ecological
systems. Ecology & Society 20, 6.

Libralato, S., Coll, M., Tudela, S., Palomera, I., Pranovi, F., 2008. Novel index for quantification of ecosystem effects of
fishing as removal of secondary production. Marine Ecology Progress Series 355, 107—-129.

Link, J.S., 2010. Ecosystem-based fisheries management: confronting tradeoffs. Cambridge University Press, Cambridge,
UK.

Link, J.S., 2005. Translating ecosystem indicators into decision criteria. ICES Journal of Marine Science 62, 569-576.

Link, J.S., Brodziak, J.K.T., Edwards, S.F., Overholtz, W.J., Mountain, D., Jossi, J.W., Smith, T.D., Fogarty, M.J., 2002.
Marine ecosystem assessment in a fisheries management context. Canadian Journal of Fisheries and Aquatic Sciences
59, 1429-1440.

SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE www.south-atlantic-research.org

22


http://www.south-atlantic-research.org/

Link, J.S., Ihde, T.F., Harvey, C.J., Gaichas, S.K., Field, J.C., Brodziak, J.K.T., Townsend, H.M., Peterman, R.M., 2012. Dealing
with uncertainty in ecosystem models: The paradox of use for living marine resource management. Progress in
Oceanography 102, 102—-114. https://doi.org/10.1016/j.pocean.2012.03.008

Link, J.S., Ihde, T.F., Townsend, H.M., Osgood, K.E., Schirripa, M.J., Kobayashi, D.R., Gaichas, S.K., 2010. Report of the
2nd National Ecosystem Modeling Workshop (NEMoW I1): bridging the credibility gap - dealing with uncertainty in

ecossytem models (NOAA Technical Memorandum No. NMFS-F/SPO-102). Department of Commerce, Silver Spring, MD,
Us.

Lorenzen, K., 2008. Fish population regulation beyond “stock and recruitment”: the role of density-dependent growth
in teh recruited stock. Bulletin of Marine Science 83, 181-196.

Lucey, S.M., Cook, A.M., Boldt, J.S., Link, J.S., Essington, T.E., Miller, T.J., 2012. Comparative analyses of surplus
production dynamics of functional feeding groups across 12 Northern Hemisphere marine ecosystems. Marine Ecology
Progress Series 459, 219-229.

Ludwig, D., Hilborn, R., Walters, C., 1993. Uncertainty, resource exploitation, and conservation: lessons from history.
Science 260, 36.

Macdonald, J.M., 1995. Appreciating the precautionary principle as an ethical evolution in ocean management. Ocean
Development & International Law 26, 255-286.

Mace, G.M., Possingham, H., Leader-Williams, N., 2009. Prioritizing choices in conservation, in: Macdonald, D., Service,
K. (Eds.), Key Topics in Conservatoin Biology. John Wiley & Sons, Inc., pp. 17-34.

Mace, P.M., 2001. A new role of MSY in single-species and ecosystem approaches to fisheries stock assessment and
management. Fish and Fisheries 2, 2—32.

Madin, E.M.P., Ban, N.C., Doubleday, Z.A., Holmes, T.H., Pecl, G.T., Smith, F., 2012. Socio-economic and management
implications of range-shifting species in marine systems. Global Environmental Change 22, 137-146.

Marshall, N.A., 2007. Can policy perception influence social resilience to policy change? Fisheries Research 86, 216—227.
https://doi.org/10.1016/].fishres.2007.06.008

McEvoy, A.F., 1988. Toward an interactive theory of nature and culture: ecology, production, and cognition in the
California fishing industry, in: Worster, D. (Ed.), The Ends of the Earth. Perspectives of Modern Environmental History.
Cambridge University Press, New York, US, pp. 211-229.

Mcllgorm, A., Hanna, S., Knapp, G., Le Floc’H, P., Millerd, F., Pan, M., 2010. How will climate change alter fishery
governance? Insights from seven international case studies. Marine Policy 34, 170-177.
https://doi.org/10.1016/j.marpol.2009.06.004

Metcalf, S.J., van Putten, E.I., Frusher, S., Marshall, N.A., Tull, M., Caputi, N., Haward, M., Hobday, A.J., Holbrook, N.J.,
Jennings, S., Pecl, G., Shaw, J., 2015. Measuring the vulnerability of marine social-ecological systems: a prerequisite for
teh identification of climate change adapatations. Ecology & Society 20, 35.

Morato, T., Watson, R.A., Pitcher, T.J., Pauly, D., 2006. Fishing down the deep. Fish and Fisheries 7, 23-33.

Mueter, F.J., Megrey, B.A., 2006. Using multi-species surplus production models to estimate ecosystem-level maximum
sustainable yields. Fisheries Research 81, 189-201.

Murawski, S.A., 2000. Definitions of overfishing from an ecossytem perspective. ICES Journal of Marine Science 57, 649—
658.

Oceana in the UK, 2023. Taking stock: the state of UK fish populations 2023. Macalistre Elliot and Partners Ltd for
Oceana, St. Austell, UK.

Ogier, E.M., Davidson, J., Fidelman, P., Haward, M., Hobday, A.J., Holbrook, N.J., Hoshino, E., Pecl, G.T., 2016. Fisheries
management approaches as platforms for climate change adaptation: Comparing theory and practice in Australian
fisheries. Marine Policy 71, 82—93. https://doi.org/10.1016/j.marpol.2016.05.014

SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE www.south-atlantic-research.org

23


http://www.south-atlantic-research.org/

Okes, N.C., Petersen, S., McDaid, L., Basson, J., 2012. Enabling people to create change: Capacity building for Ecosystem

Approach to Fisheries (EAF) implementation in Southern Africa. Marine Policy 36, 286-296.
https://doi.org/10.1016/j.marpol.2011.06.007

Parsons, S., 2005. Ecosystem considerations in fisheries management: theory and practice. The International Journal of
Marine and Coastal Law 20, 381—422.

Paterson, B., Petersen, S.L., 2010. EAF implementation in Southern Africa: Lessons learnt. Marine Policy 34, 276-292.
https://doi.org/10.1016/j.marpol.2009.07.004

Patrick, W.S., Link, J.S., 2015a. Hidden in plain sight: using optimum yield as a policy framework to operationalize
ecosystem-based fisheries management. Marine Policy 62, 74-81.

Patrick, W.S., Link, J.S., 2015b. Myths that Continue to Impede Progress in Ecosystem-Based Fisheries Management.
Fisheries 40, 155-160. https://doi.org/10.1080/03632415.2015.1024308

Pauly, D., Christensen, V., Guénette, S., Pitcher, T.J., Sumaila, U.R., Walters, C.J., Watson, R., Zeller, D., 2002. Towards
sustainability in world fisheries. Nature 418, 689-695.

Pearse, P.H., Walters, C.J., 1992. Harvesting regulation under quota management systems for ocean fisheries. Marine
Policy 16, 167-182.

Pimm, S.L., 1984. The complexity and stability of ecosystems. Nature 307, 321-325.

Pinkerton, E., 1994. Local fisheries co-management: a review on international experiences and their implications for
British Columbia salmon management. Canadian Journal of Fisheries and Aquatic Sciences 51, 2363-2378.

Pinto, D.D., 2005. Fisheries management in areas beyond national jurisdication: the impact of ecosystem-based law-
making. Martinus Nijhoff Publishers.

Pitcher, T.J., Cheung, W.W.L., 2013. Fisheries: Hope or despair? Marine Pollution Bulletin 74, 506-516.
https://doi.org/10.1016/j.marpolbul.2013.05.045

Porobic, J., Fulton, E.A., Frusher, S., Parada, C., Haward, M., Ernst, B., Stram, D., 2018. Implementing Ecosystem-based
Fisheries Management: Lessons from Chile’s experience. Marine Policy 97, 82-90.
https://doi.org/10.1016/j.marpol.2018.08.037

Przeslawski, R., Byrne, M., Mellin, C., 2015. A review and meta-analysis of the effects of multiple abiotic stressors on
marine embryos and larvae. Global Change Biology 21, 2122-2140. https://doi.org/10.1111/gcb.12833

Rossberg, A.G., Houle, J.E., Hyder, K., 2013. Stock-recruitment relations controlled by feeding interactions alone.
Canadian Journal of Fisheries and Aquatic Sciences 70, 1447-1455.

Runge, J.A., Kovach, A.l., Churchill, J.H., Kerr, L.A., Morrison, J.R., Beardsley, R.C., Berlinsky, D.L., Chen, C., Cadrin, S.X.,
Davis, C.S., Ford, K.H., Grabowski, J.H., Howell, W.H., Ji, R., Jones, R.J., Pershing, A.J., Record, N.R., Thomas, A.C.,
Sherwood, G.D., Tallack, S.M., Townsend, D.W., 2010. Understanding climate impacts on recruitment and spatial
dynamics of Atlantic cod in the Gulf of Maine: Integration of observations and modeling. Progress in Oceanography 87,
251-263.

Samhouri, J.F., Andrews, K., Fay, G., Harvey, C.J., Hazen, E.L., Hennessey, S.M., Holsman, K., Hunsicker, M.E., Large, S.1.,
Marshall, K.N., Stier, A.C., Tam, J.C., Zador, S., 2017. Defining ecosystem thresholds for human activities and
environmental pressures in the California Current. Ecosphere 8, e01860.

Samhouri, J.F., Lester, S.E., Selig, E.R., Halpern, B.S., Fogarty, M.J., Longo, C., McLeod, K.L., 2012. Sea sick? Setting targets
to assess ocean health and ecosystem services. Ecosphere 3, 1-18.

Samhouri, J.F., Levin, P.S., Ainsworth, C.H., 2010. Identifying thresholds for ecosystem-based management. PLOS ONE
5, E8907.

SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE www.south-atlantic-research.org 24



http://www.south-atlantic-research.org/

Samhouri, J.F., Levin, P.S., James, C.A., Kershner, J., Williams, G., 2011. Using existing scientific capacity to set targets
for ecosystem-based management: a Puget Sound case study. Marine Policy 35, 508—-518.

Schirripa, M.J., Goodyear, C.P., Methot, R.M., 2009. Testing different methods of incorporating climate data into the
assessment of US West Coast sablefish. ICES Journal of Marine Science 66, 1605-1613.

Serrao-Neumann, S., Davidson, J.L., Baldwin, C.L., Dedekorkut-Howes, A., Ellison, J.C., Holbrook, N.J., Howes, M.,
Jacobson, C., Morgan, E.A., 2016. Marine governance to avoid tipping points: Can we adapt the adaptability envelope?
Marine Policy 65, 56—67. https://doi.org/10.1016/j.marpol.2015.12.007

Shertzer, K.W., Prager, M.H., Williams, E.H., 2008. A probability-based approach to setting annual catch levels. Fishery
Bulletin 106, 225-232.

Simpson, S.D., Jennings, S., Johnson, M.P., Blanchard, J.L., Schon, P.J., Sims, D.W., Genner, M.J., 2011. Continental shelf-
wide response of a fish assemblage to rapid warming of the sea. Current Biology 21, 1565-1570.
https://doi.org/10.1016/j.cub.2011.08.016

Smith, A.D.M., 1994. Management Strategy Evaluation - the light of the hill. Population dynamics for fisheries
management. Austral. Soci. Fisher. Biol. Proce 538, 249-254.

Soga, M., Gaston, K.J., 2018. Shifting baseline syndrome: causes, consequences, and implications. Frontiers in Ecol &
Environ 16, 222-230. https://doi.org/10.1002/fee.1794

Stram, D.L., Evans, D.C.K., 2009. Fishery management responses to climate change in the North Pacific. ICES Journal of
Marine Science 666, 1633-1639.

Sumaila, U.R., Cheung, W.W.L., Lam, V.W.Y., Pauly, D., Herrick, S., 2011. Climate change impacts on the biophysics and
economics of world fisheries. Nature Climate Change 1, 449-456.

Swartz, W., Sala, E., Tracey, S., Watson, R., Pauly, D., 2010. The spatial expansion and ecological footprint of fisheries
(1950 to present). PLoS ONE 5, e15143.

Szuwalski, C.S., Aydin, K., Garber-Yonts, B., Litzow, M.A., 2023. The collapse of eastern Bering Sea snow crab. Science
382, 306-310.

Thurstan, R.H., McClenachan, L., Crowder, L.B., Drew, J.A., Kittinger, J.N., Levin, P.S., Roberts, C.M., Pandolfi, J.M., 2015.
Filling historical data gaps to foster solutions in marine conservation. Ocean and Coastal Management 115, 31-40.
Townsend, H.M., Link, J.S., Osgood, K.E., Gedamke, T., Watters, G.M., Polovina, J.J., Levin, P.S., 2008. Report of the
National Ecosystem Modeling Workshop (NEMoW) (NOAA Technical Memorandum No. NMFS-F/SPO-87). Department
of Commerce, Silver Spring, MD, US.

Tromble, G.R., Bianchi, G., Skjoldal, H.R., 2008. The ecosystem approach to fisheries management in teh USA, in: The
Ecosystem Approach to Fisheries. CAB International and Food and Agriculture Organization, Rome, Italy, pp. 301-308.

Tyrrell, M.C., Link, J.S., Moustahfid, H., 2011. The importance of including predation in some fish population models:
implications for biological reference points. Fisheries Research 108, 1-8.

Walker, B.H., Gunderson, L.H., Kinzig, A.P., Folke, C., Carpenter, S.R., Schultz, L.A., 2006. Handful of heuristics and some
propositions for understanding resilience in social-ecological systems. Ecology & Society 11, 13.

Welch, H., Savoca, M.S., Brodie, S., Jacox, M.G., Muhling, B.A., Clay, T.A., Cimino, M.A., Benson, S.R., Block, B.A., Conners,
M.G., Costa, D.P., Jordan, F.D., Leising, A.W., Mikles, C.S., Palacios, D.M., Shaffer, S.A., Thorne, L.H., Watson, J.T., Holser,
R.R., Dewitt, L., Bograd, S.J., Hazen, E.L., 2023. Impacts of marine heatwaves on top predator distributions are variable
but predictable. Nat Commun 14, 5188. https://doi.org/10.1038/s41467-023-40849-y

Wilson, K.A., McBride, M.F., Bode, M., Possingham, H., 2006. Prioritizing global conservation efforts. Nature 440, 337-
340.

SOUTH ATLANTIC ENVIRONMENTAL RESEARCH INSTITUTE www.south-atlantic-research.org

25


http://www.south-atlantic-research.org/

aON MEN

AN
SN

SOUTH ATLANTIC FALKLAND ISLANDS OFFICE

ENVIRONMENTAL Stanley Cottage North, Stanley, Falkland Islands. FIQQ 127
RESEARCH INSTITUTE Tel: +500 27374 Email: info@saeri.ac.tk

www.south-atlantic-research.org

X @ UK REGISTERED OFFICE
SAERI_FI

Falkland House, 14 Broadway, Westminster, London, United Kingdom, SW1H 0BH
Tel. +44 (0)203 745 1731

SAERI is a Charitable Incorporated Organisation (CIO) registered with the Charity Commission in England under charity number 1173105. It is also acknowledged on the Register of Charities in the Falkland Islands



http://www.south-atlantic-research.org/
mailto:info@saeri.ac.fk

