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Southern Ocean ecosystem management is characterized by a unique and complex
international network of stakeholders and stakeholder relationships (a ‘transactional
landscape’) relating to the globally significant services that these ecosystems support.
This transactional landscape spans governments, industry (fishing and tourism),
scientific research, conservation non-government organizations, civil society, and
international decision-making forums. We used a network approach for stakeholder
mapping to provide the first description of the transactional landscape for Southern
Ocean ecosystem management – both in terms of the connections between
stakeholders and ecosystem services, and directly between stakeholder groups. We
considered 65 stakeholders and their relationships to 12 provisioning, regulating,
supporting and cultural ecosystem services. An analysis of the connections within
this network reveals differences in the degree of connectivity between stakeholders
and ecosystem services. Notably, ecosystem science facilitates high connectivity
between stakeholders and provisioning services, but there is little connectivity between
stakeholders and supporting services. We then applied a formal ‘values-rules-
knowledge’ framework to a set of case studies to analyze the decision-making process
in relation to Southern Ocean ecosystem services, as well as the relative importance
of different stakeholder groups which were considered in the network analysis. Our
analyses suggest that emphases for decision making have been on knowledge and
rules, but that wider consideration of values across the broader stakeholder landscape –
together with science (knowledge) and governance (rules) – might better support
decision making for Southern Ocean ecosystem conservation and management, and
provide a stronger foundation for sustainable provision of ecosystem services into
the future.

Keywords: stakeholder engagement, Southern Ocean, ecosystem services, knowledge values rules,
transactional landscape, network mapping
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INTRODUCTION

Southern Ocean ecosystems support a range of ecosystem
services that are significant at a global scale (Grant et al.,
2013; Rogers et al., 2020; Trebilco et al., 2020). Ecosystem
services are the benefits that people derive from functioning
ecosystems (Costanza et al., 1997; Millennium Ecosystem
Assessment [MEA], 2005), and are generally classified as
provisioning, regulating, supporting and cultural. For the
Southern Ocean, these include, amongst others, fisheries
products, genetic resources, biochemical and pharmaceuticals
(all provisioning services); climate and air quality regulation
(regulating services); photosynthesis, primary production and
nutrient cycling (supporting services); tourism, recreation,
and spiritual, religious and aesthetic value (cultural services)
(Grant et al., 2013). These services are managed at an
international level. This management is characterized by
stakeholders from governments, the fishing and tourism
industry, scientific researchers and advisors, conservation non-
government organizations, civil society, and international
decision-making forums. Importantly, the Southern Ocean is
amongst the most rapidly changing oceans of the world, with
consequences for global-scale storage and cycling of heat and
carbon, major changes in habitats, and combined flow-on effects
for habitats and ecosystems (Meredith et al., 2019). In order
to manage these future dynamics, it will be critical to have
approaches that are flexible and adaptive to the changing
pressures and can meet the challenges of satisficing the competing
needs of the stakeholders whilst conserving biodiversity and
ecosystem function in the Southern Ocean (Constable et al.,
2017). Understanding the relationships between stakeholders
and the services they wish to sustain is fundamental to
meeting the challenge.

The Southern Ocean is governed by the Antarctic Treaty
System (ATS), which encompasses a series of international
agreements that protect ecosystems south of 60◦S and recognize
the importance of Antarctic ecosystems to people in terms of their
wilderness and aesthetic value, and value to scientific research
(Antarctic Treaty System, 2020). The main governance structure
within the ATS is the Antarctic Treaty Consultative Meeting
(ATCM), with the aim of formulating and recommending further
measures to their respective governments in accordance with the
goals of the ATS (Antarctic Treaty System, 2020). This meeting
is held annually, consisting of 29 Consultative Parties (including
original 12 signatories to the ATS, and 17 additional countries
who have conducted substantial research in Antarctica), 25 Non-
Consultative Parties, observers, including the Convention of the
Conservation of Antarctic Marine Living Resources (CCAMLR)
and the Scientific Committee on Antarctic Research (SCAR), and
invited experts (Antarctic Treaty System, 2020). While all these
groups may be present in the ATCM, only Consultative Parties
play a role in decision-making (Antarctic Treaty System, 2020).

Within the ATS, CCAMLR, takes an ecosystem approach
to the management of fishing activities in the Southern Ocean
(Constable et al., 2000; Constable, 2011), and extends to the north
the jurisdiction of the ATS to include biota and ecosystems south
of the Polar Front. CCAMLR is generally recognized as having

a strong foundation of decision-making based on best available
science and using a precautionary approach to ecosystem
management (Parkes, 2000; Miller, 2011). In 2016, CCAMLR
declared the world’s largest marine protected area in the Ross
Sea, measuring 1.5 million square kilometers in size (Dodds
and Brooks, 2018). However, in recent years progress has stalled
in meeting the CCAMLR Commission’s commitment to the
implementation of the network of marine protected areas in the
Southern Ocean, and progress toward determining approaches
to incorporate climate change into ecosystem management has
also been slow (Brooks et al., 2019). While the continued uptake
of scientific information through the ATS and CCAMLR will be
critical to progressing these issues, attention to understanding
stakeholder values and needs has been lacking; this is despite the
fact that decision making in the ATS must be achieved through
consensus, which is dependent upon satisfactorily negotiating
these requirements.

Recent assessments have helped to build a clearer
understanding of the links between environmental change,
ecological process and functions, and associated risks for
continued delivery of Southern Ocean ecosystem services; these
assessments were conducted in the contexts of anticipated
changes in demand and climate change impacts (Rogers et al.,
2020; Trebilco et al., 2020; Cavanagh et al., 2021). However, the
human dimensions that determine how and where ecosystem
services are valued and used are arguably much less well
understood. Stakeholder mapping is an approach increasingly
used in environmental management and governance to consider
the various parties interested in a system, and to analyze their
relationships both with the system and with each other (Raum,
2018). The stakeholders which were considered include all
individuals or groups, whether formal or informal, “who affect,
and/or are affected by, the policies, decisions and actions of the
system” (Grimble et al., 1995, p. 3). To date, there has been no
systematic stakeholder mapping for the Southern Ocean and
only scattered information is available regarding connections
between stakeholders and their relationships to ecosystem
services, which we refer to as a ‘transactional landscape.’
This is somewhat surprising given the unique nature of the
Southern Ocean stakeholder landscape, in that there are no
permanent residents of the Southern Ocean and the Antarctic
continent, and no Traditional Owners (Aboriginal peoples) for
Antarctica or most subantarctic islands. As a result, strategies
for sustaining all ecosystem services within an international
governance framework need to understand how governments
interact and the role that different stakeholders may play in
influencing outcomes.

In this study we use structured approaches to develop
a network representation of the transactional landscape of
the Southern Ocean. This network representation of the
transactional landscape enables us to visualize parts of the
landscape that are most and least connected. We then consider
how this mapping relates to decision making processes for
Southern Ocean ecosystems using case studies and the values-
rules-knowledge (vrk) framework (Gorddard et al., 2016).
Through applying this framework, we expect to identify the
influence of values, rules and knowledge on decision making,
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and whether any of these three systems has been excluded from
decision making processes. We expect that this will provide
useful information for identifying ways in which stakeholder
values, scientific knowledge and governance frameworks might
be more effectively combined to overcome issues currently facing
ecosystem management for the Southern Ocean.

MATERIALS AND METHODS

Our methodology followed four steps, detailed in the subsections
below. Namely:

(1) Identifying stakeholders for Southern Ocean ecosystems
and the ecosystem services they have an interest in.

(2) Creating an interest-influence matrix to explore the
relationship between stakeholders and ecosystem services.

(3) Analyzing the relationship between the stakeholders
and ecosystem management decision-making through a
network mapping approach.

(4) Applying the values-rules-knowledge framework to three
case studies of Southern Ocean ecosystem management, to
contextualize the relationships between stakeholders and
ecosystem services and test our network mapping.

Data Collection
We developed an initial list of stakeholders for Southern Ocean
ecosystems from the stakeholder list for the Marine Ecosystem
Assessment for the Southern Ocean (MEASO) Science Network
(Constable et al. in preparation). Other stakeholders were added
iteratively to the stakeholder list if they were mentioned in the
strategic reports and websites of stakeholders already on the
list. Key players in unrepresented industries on the MEASO
Science Network, such as the largest private fisheries in the
Southern Ocean, and governing bodies in the fisheries and
tourism industries, were also added to the list (Commission for
the Conservation of Antarctic Marine Living Resources, 2019).
In total, 64 stakeholders with an interest in Southern Ocean
ecosystem management were identified. Of these, 29 stakeholders
are sub-groups or sub-organizations of a parent stakeholder (e.g.,
SC-CAMLR is part of CCAMLR but plays a significant role as
a specific body), but were analyzed separately due to their own
interests in, or influence over, specific ecosystem services.

We identified the ecosystem services present in the Southern
Ocean based on research by Grant et al. (2013), which explored
provisioning, regulating, supporting and cultural ecosystem
services (following the Millennium Ecosystem Assessment
framework for ecosystem services; Millennium Ecosystem
Assessment [MEA], 2005; Table 1).

We then conducted a thorough analysis of the stakeholders’
motivations, interests, aims, actions and strategies, to understand
their connection to ecosystem services in the Southern Ocean.
This was done through close reading of annual reports, strategic
plans, and key documents listed on organizational websites
for our list of stakeholders (these resources are detailed in
Supplementary Table 1). The scope of webpages and documents
examined to understand each stakeholder’s motivations, interests,

TABLE 1 | A summary of the ecosystem services in the Southern Ocean, adapted
from Grant et al. (2013).

Provisioning services Fisheries products; genetic resources; biochemicals,
medicines, pharmaceuticals; fresh water

Regulating services Air quality regulation; climate regulation; waste
treatment

Supporting services Photosynthesis and primary production; nutrient
cycling

Cultural services Spiritual and religious value; tourism and recreation;
aesthetic value

Note that biodiversity is considered to underpin ecosystem services rather
than as an ecosystem service of itself (following Seddon et al., 2016;
Cavanagh et al., 2021).

aims, actions and strategies varied; this depended on each
stakeholder’s information management on their website, and
where specific information was located.

We linked each stakeholder to the specific ecosystem services
they have an interest in. Stakeholders were defined as having
an interest in an ecosystem service if they have one or more
of the following relationships with it: produce, use, regulate,
research, monitor (note here that the ‘regulate’ relationship
refers to management, and can be for any ecosystem service,
not just ‘regulating’ services). The ‘produce,’ ‘use,’ and ‘regulate’
relationships were determined following the methodology used
by Raum (2018) in categorizing forest management stakeholders
into these three groups based on their functional roles.
The ‘research’ and ‘monitor’ categories were added for our
Southern Ocean context to differentiate stakeholders whose
relationship to ecosystem services is purely research, versus
those who do not undertake research directly (i.e., non-research
scientific organizations) but instead undertake monitoring and
assessment activities.

Interest-Influence Matrix
We created an interest-influence matrix to explore in greater
depth the relationships between stakeholders and ecosystem
services (following Raum, 2018; see Supplementary Table 2).
Stakeholders’ levels of interest and influence were categorized
as low, medium, or high. The level of interest in an ecosystem
service was determined by how closely stakeholders’ actions
aligned with a particular ecosystem service (following Raum,
2018). The level of influence was defined as the ability a
stakeholder has to affect specific ecosystem services, either
directly or indirectly, through use, production, regulation,
research and/or monitoring.

To summarize the interest-influence matrix, we categorized
stakeholders under their broad industries, as science
organizations (research, ecology, or monitoring organizations),
regional bodies and regulators, international bodies and
regulators, fisheries, lobby groups, or tourism and the public.
Using the interest-influence matrix, we also assigned them
functional roles based on their work with particular ecosystem
services, as producers, users, regulators, researchers, or observers,
following Raum’s (2018) process:

• Producers were defined as those stakeholders who produce
goods or services through particular ecosystem services.
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FIGURE 1 | A network visualization of the transactional landscape for stakeholders and ecosystem services in the Southern Ocean. Colored lines show the role that
stakeholders perform, with respect to each service they are connected to, and the weight of the lines represents their relative level of interest in a particular service.

• Users are the stakeholders which passively use or benefit
from the use of particular ecosystem services.

• Regulators are those stakeholders with the ability to set
either formal or informal rules to govern the actions of
other stakeholders in relation to ecosystem services.

• Researchers were defined as any stakeholder which engages
in science research and understanding, including modeling,
but excluding monitoring and observing.

• Monitors are the stakeholders which engage in scientific
monitoring and observing of particular ecosystem services,
and inform other stakeholders.

Relationship Mapping
We used a network mapping approach to visualize the
relationship between stakeholders and ecosystem management,
in particular the decision-making process. First, stakeholders in
their broad industries were mapped against the four key types
of ecosystem services – provisioning, regulating, supporting,
and cultural – based on their functional role toward, and level

of interest in, these ecosystem services (Figure 1). The aim
of this network visualization was to identify: (i) the relative
strength of connectivity between stakeholders and each of the
four key ecosystem services, and (ii) whether any services were
under-represented or over-represented in terms of connection
to stakeholders.

We then visualized the relationship between stakeholders to
understand how various stakeholders regulate, advise, fund, and
support one another. Individual stakeholders were separated
based on their functional role to understand how stakeholders
with different roles interact with each other. To reduce
overlap in the network visualization, some stakeholders were
grouped together with their parent stakeholders when they
performed the same roles and had the same level of interest
in ecosystem services (for example, the SC-CAMLR scientific
working groups WG-EMM, WG-SAM, and WG-FSA were
grouped together with their parent stakeholder, SC-CAMLR).
As a result, 38 different stakeholders or stakeholder groups,
including some stakeholders which are sub-groups of others
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FIGURE 2 | Network visualization of relationships between key stakeholders in Southern Ocean ecosystem management, grouped by their functional role in
ecosystem management as per methods. Some individual stakeholders do not have direct connections to other stakeholders, although their parent stakeholder
groups, labeled as black text boxes, are connected with other stakeholder groups or with individual stakeholders.

but which perform different roles or have a different level
of interest to their parent groups, were included in the
network visualization.

Based on these two visualizations, we created a conceptual
diagram (Figure 2) to demonstrate the influence pathway
between key stakeholder groups, and how ecosystem services
influence decision-making.

Applying the Values-Rules-Knowledge
Framework
To contextualize the relationships between stakeholders and
ecosystem services, we applied the vrk framework to three case
studies of Southern Ocean ecosystem management, following
Gorddard et al.’s (2016) approach. The vrk framework, aims
to explore the interconnections between values, rules and
knowledge in decision-making, to identify assumptions and gaps
in decision-making systems and processes (Gorddard et al.,
2016). It also explores vrk interactions, allowing for the analysis
of the relationship and impact between values and rules, values
and knowledge, and rules and knowledge (Gorddard et al.,
2016; Table 2).

We selected three diverse examples relating to Southern Ocean
ecosystem management as case studies, to understand gaps in
decision-making through the vrk framework.

(1) Commission for the CCAMLR Working Group on
Incidental Mortality Associated with Fishing (WG-IMAF),
which aimed to reduce seabird bycatch and death through
fishing in the Southern Ocean (Commission for the
Conservation of Antarctic Marine Living Resources, 2007).
This example is subsequently referred to as IMAF.

(2) CCAMLR Marine Protected Area (MPA) declaration for
the Ross Sea Region (Commission for the Conservation
of Antarctic Marine Living Resources, 2017), subsequently
referred to as Ross Sea MPA.

(3) Work to consider the biophysical, governance, and policy
dimensions of potential iron fertilization in the Southern
Ocean research as a geo-engineering approach for climate
change mitigation (Charette et al., 2013; Institute for
Marine and Antarctic Studies [IMAS], 2019), referred to as
Fe fertilization.
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TABLE 2 | A summary of the key terms used in the vrk framework
(Gorddard et al., 2016).

Term Definition

Values The guiding principles of the decision-making process,
including economic, environmental, ecological, political,
and social principles

Knowledge The evidence, both formal and informal, that is used in
the decision-making process

Rules The norms, practices, heuristics, regulations,
legislation, and treaties which govern the actions and
behaviors of others

Values-rules (vr)
interactions

How the favoring of particular values impacts the
implementation or interpretation of rules, and vice versa

Values-knowledge
(vk) interactions

How the under-representation or over-representation of
particular values restricts or enhances knowledge, and
vice versa

Rules-knowledge
(rk) interactions

How the rules system is built upon knowledge systems,
and how the rules system includes or excludes
knowledge, and vice versa

These case studies were chosen to contrast different approaches in
Southern Ocean ecosystem management, pertaining to different
ecosystem components (1-seabirds, 2-whole-of-ecosystem, 3-
primary production). The first two case studies were also selected
due to high information availability. We note that while the third
case study is not ecosystem management per se, it has a strong link
to regulating services provided by Southern Ocean ecosystems, as
well as complex challenges for governance and policy, and so was
selected as a useful complement to the first two case studies.

We explored each case study by reviewing a combination
of primary documents published by the respective body, as
well as academic literature evaluating any relevant management
decisions. The case studies were analyzed to understand their
aims, methods, motivation, social-political context, participants
and roles, following the recommended approach of Gorddard
et al. (2016). We used this information to then ascertain
underlying values, rules and knowledge implicit in the decision-
making process. Finally, vr, vk, and rk interactions were explored
by critically examining the values, rules and knowledge used
in each case study. The process of case study analysis was
conducted by one researcher, the vrk framework applied to the
output by two researchers, and the overall process scrutinized
by the authors’ team as a whole. To visually represent this
information, we developed a conceptual diagram (Figure 4) to
connect key stakeholders and ecosystem services for each case
study, framed through the role each stakeholder played in the
decision-making process.

RESULTS

Stakeholders and Ecosystem Services
Our analysis of the transactional landscape for Southern Ocean
ecosystem stakeholders and ecosystem services indicates that,
across the different stakeholder groups, the strongest interest
is in provisioning ecosystem services, followed by regulating
services (Figure 1; see Table 3 for a list of acronyms in this

and subsequent figures). All stakeholder groups have at least
some interest in provisioning services, and all groups but fisheries
have an interest in regulating services. In contrast, the only
stakeholders with an interest in supporting ecosystem services
are science research stakeholders, and the majority of the interest
in cultural ecosystem services is held by the tourism and public
groups (see Supplementary Table 2 for the full categorization
of each stakeholder and details regarding their interest in and
influence over ecosystem services).

86.9% of ecosystem services relationships are to regulators,
researchers, and monitors, with only 13.1% of producer or user
relationships between stakeholders and ecosystem services. As a
result, there may be an overrepresentation of science viewpoints
and values in Southern Ocean ecosystem management decision-
making.

Stakeholder Relationships
Four key types of relationships were identified between
stakeholders in Southern Ocean ecosystem management:
regulating, advising, funding, and supporting. Producers, in
particular the fisheries industry, are the stakeholder group
whose actions and behaviors are most governed by the regulator
stakeholder group (Figure 2). Some researchers, as well as
regulators themselves, are also regulated by other stakeholders.

There appears to be a strong culture of advising among
the stakeholders, with many researchers advising regulators,
particularly CCAMLR and ATS. Several researchers and
regulators have observer status at CCAMLR or ATCM. This
allows them to represent their perspectives at decision-
making forums. No producers and only one monitor (IUCN)
has either observer status or attends CCAMLR or ATCM,
suggesting a potential gap in these stakeholder perspectives in
decision-making.

Decision-Making Pathways
Despite the interconnectedness of stakeholders demonstrated in
the stakeholder relationships network (Figure 2), the decision-
making pathway is distinct, and represents the way in which
the value of ecosystem services feeds into decision-making
via government, science, and governance, and how users and
producers impact ecosystem services (Figure 3). This conceptual
diagram is applicable to Southern Ocean ecosystem management,
as well as ecosystem management on a broader scale.

Government performs two roles: as the primary funder and
supporter of science, and as a regulator of users and producers.
In the first instance, government is guided by cultural ecosystem
services, which influence what areas of science are funded and
otherwise supported. In the case of Southern Ocean ecosystem
management, the influence of cultural ecosystem services on
funding may differ between nations; some may be more strongly
influenced by the values of the Southern Ocean, while others are
likely to be more driven by domestic influences. However, the
influence of different values may differ based on whether these
decisions play out at a national or international level.

Governance takes three forms – policy, soft law, and
regulation – and receives scientific advice based on scientific
research, which is formulated through engagement with
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TABLE 3 | Full list of identified stakeholders in Southern Ocean ecosystem management, including their parent stakeholder (if applicable), and definitions of acronyms for
stakeholder groups as used in Figures 1, 2, 4 and Supplementary Table 2.

Stakeholder Acronym Parent stakeholder

Agreement on the Conservation of Albatrosses and Petrels ACAP –

Agreement on the Conservation of Albatrosses and Petrels, Population and Conservation Status Working Group WG-PCS ACAP

Aker Biomarine – –

Analysis, Integration and Modeling of the Earth System AIMES FutureEarth

Antarctic and Southern Ocean Coalition ASOC –

Antarctic Climate Change and the Environment ACCE SCAR

Antarctic Climate Change in the 21st Century AntClim21 SCAR

Antarctic Thresholds – Ecosystem Resilience and Adaptation AnT-ERA SCAR

Antarctic Treaty Consultative Meeting ATCM –

Antarctic Treaty System ATS –

Association of Responsible Krill Harvesting Companies ARK –

Austral Fisheries –

bioDISCOVERY – FutureEarth

Climate Impacts on Oceanic Top Predators CLIOTOP IMBeR

Coalition of Legal Toothfish Operators COLTO –

Commission for the Conservation of Antarctic Marine Living Resources CCAMLR –

Committee for Environmental Protection CEP –

Convention on Biological Diversity CBD –

Council of Managers of National Antarctic Programs COMNAP –

Expert Group on Antarctic Biodiversity Informatics EG-ABI SCAR

Expert Group on Birds and Marine Mammals EGBAMM SCAR

Fisheries and Marine Ecosystem Model Intercomparison Project Fish-MIP ISIMIP

Food and Agriculture Organization of the United Nations UN FAO –

Global Ocean Observing System GOOS –

Global Ocean Observing System Biology and Ecosystem Panel EP-BE GOOS

Integrated Marine Biosphere Research IMBeR FutureEarth

Integrating Climate and Ecosystem Dynamics in the Southern Ocean ICED IMBeR

Inter-Sectoral Model Intercomparison Project ISIMIP –

Intergovernmental Panel on Climate Change IPCC –

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services IPBES –

International Association of Antarctica Tour Operators IAATO –

International Science Council ISC –

International Union for Conservation of Nature IUCN –

International Whaling Commission IWC –

International Whaling Commission Scientific Committee SC-IWC IWC

Marine Ecosystem Assessment for the Southern Ocean MEASO –

Public – –

Remote Sensing of Birds and Animals Remote Sensing SCAR

Scientific Committee for the Conservation of Antarctic Marine Living Resources SC-CAMLR CCAMLR

Scientific Committee on Antarctic Research SCAR –

Scientific Committee on Oceanic Research SCOR –

Southern Ocean Atlas SO Atlas SCAR

Southern Ocean Continuous Plankton Recorder Database SO-CPR SCAR

Southern Ocean Observing System SOOS –

Southern Ocean Research Partnership IWC-SORP IWC

State of the Antarctic Ecosystem AntEco SCAR

Tourists – –

United Nations Educational, Scientific and Cultural Organization UNESCO –

United Nations Environment Programme UNEP –

United Nations World Ocean Assessment UN-WOA –

Working Group 149: Changing Ocean Biological Systems WG 149 COBS SCOR

Working Group 150: Translation of Optical Measurements into particle Content, Aggregation and Transfer WG 150 TOMCAT SCOR

Working Group 154: Integration of Plankton-Observing Sensor Systems to Existing Global Sampling Programs WG 154 P-OBS SCOR

(Continued)
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TABLE 3 | Continued

Stakeholder Acronym Parent stakeholder

Working Group on Acidification WG Acidification SCAR

Working Group on Antarctic Near-shore and Terrestrial Observing System WG ANTOS SCAR

Working Group on Ecosystem Monitoring and Management WG-EMM SC-CAMLR

Working Group on Fish Stock Assessment WG-FSA SC-CAMLR

Working Group on Statistics, Assessments and Monitoring WG-SAM SC-CAMLR

World Climate Research Programme WCRP –

World Meteorological Organization WMO –

FIGURE 3 | Conceptual representation of decision-making pathways in Southern Ocean ecosystem management, between various stakeholders and ecosystem
services. Here, government performs two roles: as a funder and supporter of science, and as a regulator of users and producers. Knowledge, rules and values are
italicized to indicate their role as components of the vrk framework.

provisioning, regulating and supporting ecosystem services.
Governance is also influenced by the actions and priorities
of lobby groups.

Values-Rules-Knowledge (vrk) Case
Studies
The vrk framework analysis of three Southern Ocean ecosystem
management case studies is summarized in Table 4, and a
network visualization particular to the ecosystem services and
stakeholders represented in the case studies is shown in Figure 4.
This network visualization demonstrates the dual role of science,
in researching ecosystem services directly and in IMO, SCAR,

and COMNAP providing scientific advice to other stakeholders.
In this network visualization, researcher relationships are shown
only for scientific research conducted specifically for the case
study. Researchers in the Ross Sea MPA case study did not
conduct any new research, but engaged only with the existing
global body of scientific evidence; for this reason, science
researchers are not shown to have a researcher relationship
with any ecosystem service. We acknowledge the importance
of individual nations as stakeholders in the Ross Sea MPA case
study, so have considered four particular CCAMLR member
states as stakeholders because of their roles in how decisions were
made in this case study.
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TABLE 4 | vrk analysis of three Southern Ocean ecosystem management case studies.

Project CCAMLR: Working Group on
Incidental Mortality Associated with
Fishing

CCAMLR: MPA declaration of Ross Sea
Region

Geoengineering/Iron (Fe)
fertilization

Project aims To reduce seabird death due to fishing To protect habitat, support ecosystem services,
provide reference areas for monitoring
variability, conserve biodiversity, and promote
scientific research

To understand how Fe fertilization in the
Southern Ocean might mitigate climate
change, to use this research to inform
national and international policy on
geoengineering, and develop a
governance framework for future
geoengineering research

Values CCAMLR takes an ecosystem-based
approach, emphasizing environmental
values over social and economic
values – the degree of risk management
is dependent on the risk rating, which is
calculated using environmental values.
CCAMLR employs the precautionary
principle in its decision-making.

The Proponent States communicated the key
value of the Ross Sea MPA as being ecological
conservation. A CCAMLR General Measure
declares that MPAs must be established on the
basis of the best available scientific evidence,
indicating a theoretical prioritization of
environmental values, consistent with the
objective and expectation in the Convention.
However, MPAs must be approved by
consensus which can limit the scope of
application depending on each and every
Member. During its negotiation, coverage of the
MPA was altered to give fishing access to areas
that were argued to be important for
biodiversity. There has therefore been a
trade-off between political/economic values
and ecological/environmental values.

Scientific research into Fe fertilization
has been prioritized, and commercial
implementation has been delayed.
Despite the urgency to take climate
action, key questions around Fe
fertilization must be answered, around
its effectiveness, economic feasibility,
ecological side effects, ethics, and
philosophical implementation
frameworks.

Rules The Conservation Measures (CMs) are
mandatory, legally binding measures.
The Monitoring and Review of the
management decision is based on
adherence to CMs and international
instruments.

CCAMLR necessitates the integration of
science in MPA proposals through specific
scientific objectives. It also requires MPAs to
have research and monitoring plans to help
determine the continuing need for the MPA.
How these plans will be used in reviews and in
deciding to continue the MPA is not clear.

The 2008 London Protocol and London
Convention agreements state that no
ocean fertilization activities are allowed,
apart from those that are legitimate
scientific research. This follows the
Haida Gwaii Fe fertilization activities, for
which the contracting parties to the
London Convention and London
Protocol issued a statement of concern.

Knowledge Baseline data on seabird mortality was
collected to understand magnitude. The
risk rating (1–5) is based on breeding
and distribution, based on published
scientific information and expert opinion
from WGs. This risk rating is used to
develop a risk management plan per
location. CMs are reviewed based on
increasing knowledge and
technical/technological environments.

The Ross Sea MPA was proposed as the area
is highly productive, has diverse species, and is
one of the few places in the world which has
retained its full community of top-level
predators. A CCAMLR General Measure
declares that MPAs must be established on the
basis of the best available scientific evidence,
and there is a mandate for any MPA to include
elements such as a scientific management
plan, and a research/monitoring plan. The MPA
proposal process involved workshops,
analyses, advice from WGs, and a review of the
science underpinning the proposal.

Polar datasets are being used as a
platform. Experiments and modeling
will be used to generate new
knowledge to quantify the removal of
atmospheric CO2. Fe fertilization makes
use of new and emerging technology.
There is existing knowledge that
primary productivity in the Southern
Ocean is limited by Fe availability. The
Fe fertilization hypothesis is based on
analysis of the dust and gas
composition of ice cores, with findings
revealing that low iron levels in dust
corresponded to warmer temperatures.
To date, in this particular example, there
has been prioritization of environmental
and economic knowledge, but not
ethical or social knowledge.

References Commission for the Conservation of
Antarctic Marine Living Resources,
2007; Croxall, 2008; Waugh et al., 2008

Brooks, 2013; Kavanagh, 2016; New Zealand
Ministry of Foreign Affairs and Trade, 2016;
Commission for the Conservation of Antarctic
Marine Living Resources, 2017; Commission
for the Conservation of Antarctic Marine Living
Resources, 2018; Dodds and Brooks, 2018;
Brooks et al., 2019; Marine Protection Atlas,
2020; Sylvester and Brooks, 2020

Boyd, 2008; Powell, 2008; International
Maritime Organization [IMO], 2012;
Charette et al., 2013; Buck, 2014;
Horton, 2017; Gannon and Hulme,
2018; Institute for Marine and Antarctic
Studies [IMAS], 2019; International
Maritime Organization [IMO], 2020

Framework adapted from Gorddard et al. (2016).
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FIGURE 4 | Relationships between key stakeholders and ecosystem services in three Southern Ocean ecosystem management case studies. Note that IMO and
COMNAP regulate science researchers for the listed case studies (as IMO and COMNAP do not regulate the ecosystem services directly).

Values-Rules Interactions
The remit of CCAMLR is the conservation of Antarctic marine
living resources (Press et al., 2019). However, fisheries have been
given most of the attention of CCAMLR since the beginning (e.g.,
Constable, 2011).

Case study 1 emerged with the recognition of high rates of
seabird mortality in longline fisheries in the early 1990s, which
coincided with rapid declines in those populations. In order to
rectify this, decision-making in IMAF initially heavily prioritized
ecological and environmental values over social and economic
values (Table 4). However, as incidental mortality of seabirds
was reduced to zero, conservation measures were loosened to
allow fisheries more freedom in operating, suggesting a growing
shift toward increasing priority for economic values, although
noting that ecological values still take precedent (Croxall, 2008;
Waugh et al., 2008).

Case study 2 highlighted the challenges within CCAMLR
of addressing questions of biodiversity conservation and the
maintenance of supporting ecosystem services. The consensus
decision process in CCAMLR and the large number of fishing
interests amongst its Members means that provision services have
higher attention than supporting services, such as biodiversity.
Although the proposal of the Ross Sea MPA was based on
ecological values, there was strong prioritization of economic
values in the negotiation of the MPA’s boundaries, such that in
its adopted form, some of the most productive areas of the Ross
Sea remain unprotected, to allow fisheries to operate in these
areas (Brooks, 2013; Brooks et al., 2019; Commission for the
Conservation of Antarctic Marine Living Resources, 2017; Dodds
and Brooks, 2018; Sylvester and Brooks, 2020).

Case study 3 provides an example external to CCAMLR but
governed by an international convention that has regulatory
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power – the London Convention (International Maritime
Organization [IMO], 2012). The assessment process for Fe
fertilization is guided by science, giving regulators time to
understand how to incorporate potential Fe fertilization in
the Southern Ocean into carbon markets and international
laws (Powell, 2008; Institute for Marine and Antarctic Studies
[IMAS], 2019). However, the scientific research framework
does not directly include exploration of the important ethical
considerations in intervening in the earth’s biogeochemical cycles
(because these were out of scope of the research project).

Values–Knowledge Interactions
CCAMLR has a remit from its Convention to use the best
scientific evidence available (Constable et al., 2000; see also
CCAMLR Resolution 31).

Case study 1 is an example of formal knowledge being
prioritized over informal knowledge. The risk rating for seabirds
in different fisheries, and therefore degree of risk management,
for IMAF was based on published scientific information and
expert information from CCAMLR’s Scientific Committee and
its working groups, particularly on breeding ranges, at-sea
distribution – both ecological values – to judge potential overlap
with fisheries (Commission for the Conservation of Antarctic
Marine Living Resources, 2007). It did not use or rely on
knowledge from fisheries or conservation NGOs.

Case study 2 shows the tension between knowledge and values
and how, in a consensus environment, some values can be
diminished in consideration. Most specific knowledge in the Ross
Sea has been developed for advising on toothfish fisheries. Yet,
there is a large body of general scientific knowledge indicating
its value to global scientific research and for supporting services
such as biodiversity and productivity. While the latter would be
expected to be given support to be sustained, the dominance of
fisheries interests meant that non-ecological values, particularly
economic values, were given increasing priority as the MPA
declaration process progressed (Sylvester and Brooks, 2020).
Through the consensus structure of CCAMLR, Member States
have the power to prioritize their own values rather than pursuing
satisfactory outcomes across all values.

Case study 3 emerged from a global opposition to
uncontrolled waste disposal by dumping in the ocean,
recognizing the impacts that pollution has on marine ecosystem
services generally. The focus on scientific modeling and critically
assessing the ecological and economic dimensions of Fe
fertilization gives scientists time to explore unknown variables.
Under the circumstances of this convention, regulators require
confidence before acting that Fe fertilization will be effective and
that any environmental effects are acceptable. In this particular
example, social, political, and ethical values have not been
considered directly to date.

Rules-Knowledge Interactions
Case study 1 on IMAF is a clear case where the rules system was
built upon the scientific knowledge system, with all reviews of
the CCAMLR Conservation Measure (CM) based on satisfactory
reduction (elimination) of seabird by-catch. All public discussion
is therefore framed around the CMs and by-catch data (Table 4).

Scientific and ecological knowledge is prioritized through the
rule that all longline vessels fishing in the area must have an
independent scientific observer on board who reports on the
implementation of the CMs. This is enforced through required
compliance with by-catch reduction strategies being part of
some fishery permits. Existing fisheries demand a high level of
proof of the need and success for new management strategies
before enacting them; this knowledge was considered in the
implementation of the CM, with an initial focus on enforcing the
CMs on new and exploratory fisheries before targeting existing
fisheries (Waugh et al., 2008).

Case study 2 on the Ross Sea MPA has a close relationship
between maintenance of the MPA and scientific research
and monitoring built into the long-term application of the
conservation measure. It remains to be seen how science and
knowledge will be used in the maintenance of the MPA.

Case study 3 on Fe fertilization has a close relationship
between scientific knowledge and future regulation, where
both national and international policy and future scientific
research will be developed based on environmental and
economic analysis. This means it may exclude sociopolitical
perspectives in formulating guidelines and rules. Globally, the
current focus on ocean fertilization is to generate scientific
knowledge, following the 2008 London Convention and London
Protocol agreement that legitimate scientific research is the only
permitted ocean fertilization activity (International Maritime
Organization [IMO], 2012). Although this enables scientific
research, this may restrict the participation of stakeholders who
bring other knowledge sources, or do not engage in traditional
scientific research.

DISCUSSION AND CONCLUSION

Information about stakeholder aspirations is a fundamental
requirement for effective ecosystem-based management
(Cavanagh et al., 2016). A key precursor to understanding
these aspirations is an understanding of who the stakeholders
are for a particular context and how they are connected
to ecosystems and ecosystem services. For Southern Ocean
ecosystems, consideration of this ‘transactional landscape’
has generally been constrained to specific issues, such as the
management of the Southern Ocean krill fishery (Cavanagh
et al., 2016) or implementation of marine protected areas
(Sylvester and Brooks, 2020). In this study we have used
structured, network-based approaches to consider the full
stakeholder landscape for Southern Ocean ecosystems, to
consider the ways in which stakeholders relate to different
ecosystem services (Figure 1), as well as the way in which
stakeholders are connected to each other (Figure 2). This
process has yielded important insights into how different
ecosystem services are understood, valued and managed, as
well as a conceptual framework for how different types of
stakeholders fit into and influence decision making pathways
for Southern Ocean ecosystems (Figure 3). By combining
this analysis of the transactional landscape with consideration
of the role of values, rules and knowledge in particular
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examples that relate to decision making for Southern Ocean
ecosystems, we are able to further highlight where gaps may
exist that could be given greater consideration to support robust
decision-making in the future.

Our results indicate that ecosystem science facilitates high
connectivity between stakeholders and provisioning services,
but that there is relatively limited connectivity between
stakeholders and supporting services. This gap is likely to
become increasingly important as dependencies on climate
regulation services, in particular, increase in the future. Our
application of Gorddard et al.’s (2016) ‘values-rules-knowledge’
framework to three case studies suggests that, at least in
these cases, the emphasis for decision making has been
on knowledge and rules. While this helps establish how to
use the best scientific information in consensus decision-
making, wider consideration of values across the broader
stakeholder landscape (including individual nations) – together
with science (knowledge) and governance (rules) – might
provide greater appreciation of impediments to consensus
when scientific information indicates the need to change
the status quo (i.e., introduce regulations) in order to
achieve agreed high-level objectives. Moreover, the type of
mapping presented here can identify when some ecosystem
services are being given greater short term priority, such as
provisioning services, over the longer term requirements for
sustaining others, such as supporting services. As a result,
holistic mapping would be expected to improve whole-of-
system sustainability.

We suggest that future stakeholder mapping might also
usefully consider the influential role of particular nations
in decision-making for Southern Ocean ecosystem services,
particularly when analyzing the interests of fisheries, which
all originate from nations and therefore act based on the
conservation, economic and social priorities and aspirations of
those nations. In the interest of keeping our analysis reasonably
constrained, this nation-level analysis was deemed to be beyond
the scope of our paper.

Case Study Findings With Respect to
Values-Rules-Knowledge
Management to reduce incidental mortality of seabirds in the
Southern Ocean (our IMAF case study) is commonly heralded
as a successful collaborative conservation project (Croxall, 2008),
while the MPA declaration in the Ross Sea region was arguably
less successful, given its size had to be decreased in order for
it to be adopted (Sylvester and Brooks, 2020). Our analyses
suggest that a factor influencing this outcome was the role of
social and political values in the MPA negotiation process (as
opposed to values around all ecosystem services). Political and
social values were successfully considered through the IMAF
management process, by focusing implementation based on the
values of different sub-sets of fisheries (Croxall, 2008). Although
political and ethical values are acknowledged in research relating
to potential geo-engineering through iron fertilization in the
Southern Ocean, they are not explored directly as part of
the research. Assessment of ethical and political aspects of

iron, alongside ecological and economic assessment, might help
ensure that scientific knowledge can be successfully implemented
in rules whilst navigating trade-offs in political, ethical and
economic values.

Across the three case studies analyzed, the stakeholders
engaged were heavily invested in provisioning ecosystem services
(Figure 4). This is in line with our analysis of the stakeholders
across Southern Ocean ecosystem management more generally
(Figure 1). The Ross Sea MPA process involved stakeholders
who have an interest across three different ecosystem services;
however, our analysis suggests that working with stakeholders
who are interested in a variety of ecosystem services must
be coupled with incorporating many different values in order
for management decision-making to be more successful in
collaboration and conserving the ecosystem.

Stakeholder Engagement for Southern
Ocean Ecosystem Decision-Making
Under Climate Change
The need for effective management and robust decision-making
for Southern Ocean ecosystems will become more important
as the global climate continues to change (Constable et al.,
2017; Meredith et al., 2019; Cavanagh et al., 2021). The
impacts of climate-driven environmental changes pose current
and future risks for most Southern Ocean ecosystem services,
and these risks will need to be managed to meet increasing
demand for fisheries products, tourism and regulating services.
Understanding and considering the perspectives, needs and roles
of diverse stakeholders in these processes will lead to more
robust outcomes for ecosystems and people. Our study is the
first to characterize the full transactional landscape for Southern
Ocean ecosystem services and stakeholders, and we hope that
our analyses, particularly as they relate to emphases and gaps
in previous processes, might help underpin effective ecosystem
management under future climate change in the Southern
Ocean. A remaining challenge is to determine how representative
stakeholders of the Southern Ocean are with respect to the wider
expectations of civil society and whether the stakeholders can
keep pace with their rapidly changing norms.

Key Messages to Policymakers
(1) To gain a holistic appreciation of how Southern Ocean

ecosystem services are understood, valued and managed, it
is essential to consider the full stakeholder landscape.

(2) There are many connections (indicating a high level
of interest) between Southern Ocean stakeholders and
provisioning ecosystem services (primarily fisheries), but
more limited connectivity between stakeholders and
supporting ecosystem services (primary production and
nutrient cycling).

(3) This suggests that short term priorities may be given
precedence over longer term priorities for overall Southern
Ocean sustainability (such as supporting services).

(4) Bridging the gap between stakeholders and supporting
ecosystem services will become increasingly important
under climate change as the world increases its reliance
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on the Southern Ocean’s climate regulation services (since
biological supporting services play a key role in global
climate feedbacks).

(5) The emphasis for decision making in the Southern Ocean
has been on knowledge and rules over values. Wider
consideration of values across the full stakeholder landscape
may help achieve consensus through science-informed
decision-making.
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