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marine environments and a rapidly changing climate. 
The fundamental challenge for the future is therefore 
to safeguard marine ecosystem biodiversity, function, 
and adaptive capacity whilst continuing to provide 
vital resources for the global population. Here, we 
use foresighting/hindcasting to consider two plausible 
futures towards 2030: a business-as-usual trajectory 

Abstract Marine ecosystems and their associated 
biodiversity sustain life on Earth and hold intrinsic 
value. Critical marine ecosystem services include 
maintenance of global oxygen and carbon cycles, pro-
duction of food and energy, and sustenance of human 
wellbeing. However marine ecosystems are swiftly 
being degraded due to the unsustainable use of 
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(i.e. continuation of current trends), and a more sus-
tainable but technically achievable future in line with 
the UN Sustainable Development Goals. We identify 
key drivers that differentiate these alternative futures 
and use these to develop an action pathway towards 
the desirable, more sustainable future. Key to achiev-
ing the more sustainable future will be establish-
ing integrative (i.e. across jurisdictions and sectors), 
adaptive management that supports equitable and sus-
tainable stewardship of marine environments. Con-
serving marine ecosystems will require recalibrating 
our social, financial, and industrial relationships with 
the marine environment. While a sustainable future 
requires long-term planning and commitment beyond 
2030, immediate action is needed to avoid tipping 
points and avert trajectories of ecosystem decline. By 
acting now to optimise management and protection 
of marine ecosystems, building upon existing tech-
nologies, and conserving the remaining biodiversity, 
we can create the best opportunity for a sustainable 
future in 2030 and beyond.

Keywords Ecosystem management · Ecosystem 
services · Indigenous knowledge · Integrated 
management · Stewardship · Sustainable 
Development Goals · Foresighting/hindcasting

Introduction

The diversity of life in the oceans, marine biodi-
versity, is declining globally at an alarming rate 
(Lotze et  al. 2019; Worm et  al. 2006), driven by 
multiple interacting anthropogenic stressors, which 
are degrading marine ecosystem function, shifting 
species’ distributions, and initiating the formation 
of novel ecosystems with unknown characteristics 
and services (e.g. Harborne and Mumby 2011; Pecl 
et  al. 2017). These losses threaten the wellbeing 
and survival of much (arguably all) of humankind 
that fundamentally depends on the many services 
provided by marine biodiversity and ecosystems, 
including climate regulation, coastal protection, 
food and medicinal products, recreational activi-
ties, and livelihoods (Peterson and Lubchenco 1997; 
Selig et  al. 2018). These ecosystems also possess 
unique, often intangible, inherent values making 
them crucial to the health and wellbeing of peoples 
around the world. As such, safeguarding marine 

biodiversity and ecosystem function into the future 
is a task of critical importance. The challenge is 
to conserve existing biodiversity, while increasing 
the capacity to forecast ecological trajectories and 
future ecosystem states to inform sustainable man-
agement long-term (Cheung 2019). Ecological fore-
casts are needed for developing adaptation strate-
gies to guide ecosystems towards states that support 
a high diversity of functions and species. Stemming 
the rate of biodiversity loss at all levels – includ-
ing genetic, taxonomic, community, ecosystem, and 
functional diversity – will leave marine species and 
ecosystems with a wider breadth of adaptive path-
ways, thus increasing the likelihood of resilience, 
rather than extinction, in future seas.

Marine ecosystems and biodiversity have under-
gone rapid and profound changes in the Anthropocene 
(e.g. Estes et al. 2011; Jackson 2001; Pimiento et al. 
2020). Marine and coastal ecosystem changes result-
ing from human activity have steeply accelerated 
in the last ~ 150  years (Bindoff et  al. 2019; Halpern 
et al. 2019). Identifying pre-industrial environmental 
‘baselines’ to enable the quantification of ecological 
changes is challenging and often unfeasible, not only 
because ecosystems continuously change in response 
to environmental phenomena, but also since in many 
cases anthropogenic pressures began before Western 
scientific monitoring commenced (Jackson 1997; Jen-
nings and Blanchard 2004; Roberts 2007). An emerg-
ing “mass extinction” event is thought to be underway 
in the oceans (Lotze et  al. 2019; Payne et  al. 2016) 
caused by the combined (and sometimes synergistic) 
effects of overfishing (Blanchard et  al. 2017; FAO 
2018), habitat degradation and loss (IPBES 2019), 
pollution, eutrophication, oxygen depletion, intro-
duced pests, and ocean warming (Breitburg et  al. 
2018; Doney 2010). These cumulative stressors have, 
in some cases, led to dramatic and difficult-to-reverse 
shifts in ecosystem state – or “ecosystem collapses” 
(e.g. Beaugrand et al. 2015; Biggs et al. 2018; Möll-
mann and Diekmann 2012). Indeed, historical eco-
system states may have increasingly limited relevance 
in the context of substantial and ongoing impacts, 
particularly as a result of climate change. Despite 
these pervasive impacts and trajectories of ecosystem 
degradation, there is still reason for hope, as marine 
biodiversity and ecosystems continue to support the 
services upon which societies rely and the recovery 
of many degraded marine ecosystems is considered 
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achievable by 2050, if there is sufficient will and tar-
geted effort (Duarte et al. 2020).

A common approach to conservation in the marine 
realm is the implementation of ‘Marine Protected 
Areas’ (MPAs) that secure ecosystems by separat-
ing them from human use and/or limiting extractive/
destructive processes. This approach is upheld in 
United Nations processes including the Aichi Tar-
gets of the Convention on Biological Diversity, and 
the 2030 Agenda and Sustainable Development 
Goals (SDGs). While MPAs are, and will continue 
to be, a fundamental and effective conservation tool 
when properly implemented and managed (see Edgar 
et al. 2014; Gownaris et al. 2019), human population 
growth, and activities contributing to unsustainable 
lifestyles, continue to threaten marine ecosystems 
beyond the boundaries of MPAs (Cafaro 2021; Halp-
ern et al. 2019). Safeguarding marine biodiversity and 
ecosystems into the future will therefore require more 
holistic and inclusive approaches. It is not possible to 
secure all (or even the majority) of the marine estate 
as MPAs, nor is it desirable in contexts where stew-
ardship is high and people are able to live in balance 
with ecosystems (Cinner et  al. 2016; Gilchrist et  al. 
2020; Stewart et  al. 2020). Indeed, some evidence 
suggests that the greatest conservation outcomes arise 
where communities are most intimately connected to 
their local ecosystems and the associated decision-
making processes (e.g. Nikitine et  al. 2018; Wells 
and White 1995). It is therefore imperative that we 
consider how to improve and optimise conservation 
outcomes in ‘non-protected’ areas. This will require 
a fundamental recalibration of the way individuals, 
communities, industries, and financial markets per-
ceive and interact with the marine environment. Set-
ting ambitious goals for marine conservation is fun-
damental (Díaz et  al. 2020), but importantly, failure 
to achieve previous globally agreed biodiversity con-
servation targets (Díaz et  al. 2019; UN 2020) high-
lights the need to innovate our approach to achieving 
conservation goals.

Here, we use a forecasting/hindcasting approach 
to consider two plausible futures for 2030. These two 
futures encompass 1) a business-as-usual future that 
results from a continuation of current trajectories, 
and 2) a more sustainable, aspirational, but techni-
cally achievable future in line with progress towards 
achieving the UN SDGs. The coming decade will be 
defined by great uncertainty and complexity, with 

major transformations needed to move towards a 
sustainable future (Sachs et  al. 2019). Development 
and communication of a ‘mobilising narrative’ that 
envisions a positive yet possible future is a first step 
towards outlining concrete actions to anticipate and 
constructively respond to future challenges (Nash 
et al. 2021a, this issue). We acknowledge that the cur-
rent COVID-19 pandemic is causing major changes 
to economies and socio-ecological systems at local, 
national and global scales. The business-as-usual 
scenario we describe here is based on evidence from 
the recent past prior to the pandemic, and assumes 
a general return to this trajectory over the next few 
years. We note however, that current disruptions to 
the global ocean, environment, and society because of 
COVID-19 may present a platform for change and an 
opportunity to ‘reset’ trajectories in the coming dec-
ade (Sandbrook et  al. 2020). The sustainable future 
presented here is one option for such a shift. Our goal 
is to highlight potential opportunities associated with 
moving towards one version of a more-sustainable 
future, rather than providing an exhaustive explora-
tion of every option.

The UN Decade of Ocean Science for Sustainable 
Development (2021–2030) is a timely opportunity 
to align global focus on arresting and reversing the 
degradation of marine environments, and to ensure 
ocean science supports improvements towards the 
sustainable and equitable development of the world’s 
oceans (Pendleton et al. 2020). In considering our two 
plausible futures for 2030, we identify key drivers of 
change that differentiate these futures, and use these 
as a basis for identifying concrete actions that align 
with achieving the more sustainable future. We iden-
tify choices and actions across various scales (e.g. 
local, regional, national, international) to arrive at a 
more desirable future for the oceans in the context of 
our rapidly changing climate. The aspirational, more 
sustainable, scenario is intended to highlight a vision 
of what is achievable if society “chooses” to work 
collaboratively towards a future more closely aligned 
with achieving the UN SDGs (Nash et al. 2021a, this 
issue, for additional context).

Methods

This paper is part of the larger ’Future Seas’ project, 
the aim of which was to leverage interdisciplinary 
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knowledge to address the grand challenges for the 
oceans in the coming decade. As part of Future Seas, 
the approach for addressing these grand challenges 
was developed by a core team (Nash et  al. 2021a) 
and discussed, tested and refined through a series of 
workshops with the broader group of Future Seas par-
ticipants. Future Seas participants were assembled 
into author teams, and each team addressed a separate 
grand challenge following the same methods, which 
are described in detail by Nash et  al. (2021a) and 
summarised here.

The overarching goal of this paper was to describe 
a technically feasible pathway towards 2030 through 
which we could improve the status of marine ecosys-
tems and biodiversity globally (or at least, stem their 
loss). In this process, subgoals included 1) identify-
ing 4–6 key drivers of change in marine ecosystems 
and biodiversity; 2) describing the likely business-as-
usual future for 2030 based on current trends in these 
drivers; 3) describing a more sustainable but achiev-
able future state of the drivers and human-marine 
ecosystem interactions; 4) identifying specific actions 
that could feasibly shift us from the business-as-usual 
trajectory towards the more sustainable future we 
described; 5) identifying timeframes, key actors and 
scale for actions in the pathway.

Our approach for developing these alternative 
futures and pathway was to apply established fore-
sighting and hindcasting techniques that are used 
in futures analysis and scenario development in 
the socio-ecological literature (Nash et  al. 2021a; 
Planque et  al. 2019; Rintoul et  al. 2018) (also see 
Fig. 1 for an overview). The process involved collabo-
ration among our interdisciplinary co-author team for 
co-constructed scenario development during a series 
of workshops and meetings. Disciplines represented 
by our team include law, governance, management, 
fisheries, and economics, along with Indigenous 
leadership, ecologists and other biophysical scien-
tists. Given our location, most authors are Australian 
(12), but authors also come from UK (3), Canada (2), 
Haida Nation (Canada, 1), New Zealand (1), Italy (1), 
Germany (1), The Netherlands (1) and Kenya (1). The 
team also consulted with an international group of 
Traditional Owners and Indigenous knowledge hold-
ers, and community representatives (see Fischer et al. 
2021; Mustonen et al. 2021, both this issue).

Prior to developing future scenarios, we consid-
ered the underlying assumptions articulated in Nash 

et  al. (2021a) as being broadly applicable across a 
wide range of global challenges for marine systems 
and confirmed their relevance to developing the two 
plausible futures for marine biodiversity and con-
servation by 2030. Assumptions included i) general 
ocean resource use and knowledge production con-
tinue, ii) no new major international agreements are 
ratified (however, existing discussions will continue), 
iii) the globe is locked into some degree of climate 
change over the coming decade, iv) human popula-
tions will continue to increase and v) no new large-
scale human conflicts emerge. Moreover, we assumed 
that vi) demand for seafood will continue to rise 
and that vii) food insecurity, in terms of availability, 
access, utilisation and stability, will remain a chal-
lenge for some regions and people (see Farmery et al. 
2021, this issue), and that viii) climate-driven redis-
tribution of species in the ocean will continue as per 
projected trends (see Melbourne-Thomas et al. 2021, 
this issue).

To identify broad drivers of change relevant to the 
state of marine ecosystem and biodiversity, we first 
brainstormed all drivers affecting marine ecosystems, 
with participants writing individual drivers on post-
it notes. In doing so, we aimed to identify Political, 

Fig. 1  An overview of the methods followed to develop alter-
native scenarios of 2030 for marine ecosystem and biodiversity 
conservation (* from Nash et al. 2021a, this issue)
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Economic, Social, Technological, Legal and Envi-
ronmental (PESTLE) drivers to ensure considera-
tion of different driver types (Nash et al. 2021a). We 
then grouped these individual drivers into broader, 
umbrella drivers. For example, fishing-related driv-
ers, deep-sea mining, shipping, marine renewable 
energy were all eventually grouped together under the 
sectoral stewardship umbrella driver. These umbrella 
drivers are intended to represent broad mechanisms, 
or ‘levers’, that could feasibly be influenced or modi-
fied to improve conservation of marine biodiversity 
and ecosystems over the course of the next 10 years 
(2021–2030) (see Nash et al. 2021 for full details of 
methods). We then mapped umbrella drivers on two 
axes: 1) degree of impact on marine ecosystems and 
biodiversity and 2) degree of influence that society 
has over the driver, as we were particularly interested 
in umbrella drivers central to how marine biodiversity 
could play out in the future (high impact) and that 
society had the potential to influence (high influence).

Using the umbrella drivers with both high impact 
and high influence, we then forecast a likely ‘busi-
ness-as-usual’ 2030 future based on current trends 
(following Merrie et  al. 2018), and a ‘sustainable 
2030’ future, in line with pushing towards achieving 
the SDGs, that is achievable if conscious actions are 
taken to guide the drivers towards that more aspira-
tional future. To do this, the group brainstormed and 
discussed a vision for the state of the drivers in 2030 
based on our shared understanding of current trends 
and opportunities. Sub-groups of the author team 
then researched individual driver trends to inform the 
analysis and the description of the business-as-usual 
and sustainable futures for each driver. All authors 
then reviewed the narratives and assessed the feasibil-
ity of the futures described for 2030. We then hind-
cast the actions required to shift from the ‘business-
as-usual’ trajectory towards the more ‘sustainable 
2030’ future and continued using a ‘PESTLE frame-
work’ to ensure the generation of actions from across 
a wide range of categories. Importantly, the premise 
was that the knowledge and technology to support the 
actions must already exist – i.e. that there is already 
the capability to affect the changes we recommend. 
The resulting actions were temporalized to collec-
tively form an action pathway to achieve the sus-
tainable 2030 future, whilst iterative revisions were 
made between the pathway and the narrative of the 
sustainable future, to ensure they were realistic and 

technically achievable, in the judgement of the author 
team. It is thus important to note that the develop-
ment of the scenarios, actions and pathways was not 
linear, but rather was iterative to ensure internal con-
sistency (Fig. 1). Please also refer to Supplementary 
Table  1 for further clarification of the methodology 
and the scope of the paper.

Three important considerations affected what 
was considered within the scope of our methodo-
logical approach. 1) We note that up to and beyond 
2030, the driver with the greatest impact on global 
marine ecosystems and biodiversity is anthropo-
genic climate change (Cafaro 2021; IPCC 2019; 
Trisos et  al. 2020). Consequently, cutting green-
house gas emissions is the action with the great-
est potential benefit to the state of global marine 
ecosystems in the long term. Given the ‘known’ 
pathway to address impacts associated with cli-
mate change (e.g. IPCC 2019), and the necessity to 
focus on outcomes that are attainable and action-
able within the next decade, we primarily examine 
how to reduce other impacts on marine life (e.g. 
resource exploitation) and increase the resilience of 
marine ecosystems to adapt in the face of ongoing 
climate change. However, our suggested actions in 
no way lessen the critical importance of reducing 
emissions without delay nor the transformations 
needed to supress warming in line with the Paris 
Agreement (Schleussner et  al. 2016). 2) Many of 
the challenges addressed by the other papers in this 
special issue also affect marine ecosystems and 
efforts to conserve them. Where there was overlap 
between the challenges, this affected the level of 
detail we considered on those aspects of our chal-
lenge on safeguarding marine life, and we refer to 
those papers for additional insights and solutions. 
For a detailed articulation of potential actions to 
support mitigation of, and adaptation to, climate 
change in marine systems, please see Trebilco et al. 
(2021, this issue) and Melbourne-Thomas et  al. 
(2021, this issue). Likewise, anticipated global 
trends in the demand for seafood and other prod-
ucts, such as energy and minerals, and the growth 
of activities to meet such demand will significantly 
impact the conservation of marine biodiversity and 
ecosystems into the future. These topics are dis-
cussed in full in Farmery et  al. (2021), Bax et  al. 
(2021) and Novaglio et  al. (2021) in this issue. 
Increased pollution due to human activities is 
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another key factor influencing our ability to con-
serve biodiversity and is extensively considered in 
Willis et al. (2021, this issue). Societal and institu-
tional mechanisms that influence the fate of marine 
biodiversity, which we consider here only briefly, 
are explored in more detail elsewhere in this issue, 
and include ocean literacy Kelly et  al. (2021) and 
ocean governance Haas et al. (2021), in addition to 
Indigenous rights, access and management Fischer 
et al. (2021).

Lastly and most importantly, 3) we note that the 
scenarios we describe are just two of many possible 
futures, and that the experiences and worldviews of 
the co-authors influence decisions on which drivers 
and actions to focus on. As such, our vision for the 
future presented here is likely to differ from those 
developed by other author groups, and our results 
should be interpreted within that context. We have 
nevertheless tried to make our vision relevant to 
a global audience. The goal here was not to give 
a prescriptive vision for the future, but to inspire 
thought, discussion and action, to which others can 
add their own visions for a better future for marine 
ecosystems and biodiversity.

Results

Drivers of marine ecosystem conservation outcomes 
and alternate futures for the year 2030

We identified four key umbrella drivers of marine 
conservation: (i) financial mechanisms, (ii)  sectoral 
stewardship; (iii) management and governance; and, 
underpinning these first three drivers in many ways, 
(iv) social impetus for safeguarding marine ecosys-
tems (Fig.  2). These drivers can negatively or posi-
tively affect conservation outcomes and thus represent 
potential axes of impact. Importantly, these drivers 
interact with each other and have feedbacks between 
them. Change in all four drivers is required to reach 
a more sustainable future. For the business-as-usual 
future, the drivers are assumed to progress through-
out the next decade along their current trajectories, 
and may include both potentially positive or negative 
changes. Whereas for the sustainable 2030 future, 
the drivers evolve along aspirational but achievable 
trajectories. Below we describe the current state and 
trends of the four drivers and indicate how they may 
be influenced throughout the upcoming decade to 
shape the two alternate futures for the year 2030.

Fig. 2  Schematic highlighting the relationship between the four key drivers of change with high potential for both impact and influ-
ence, on the fate of conservation of marine biodiversity and ecosystems by 2030
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Financial mechanisms

Financial or economic mechanisms are powerful 
drivers of conservation, and routinely influence the 
management and conservation of marine ecosystems 
around the world (Innes et  al. 2015; Rydén et  al. 
2020; Sumaila et al. 2021). Typically, however, global 
economic systems are characterised by processes that 
prioritise profit and exploitation of resources over the 
long-term conservation of biodiversity and associated 
ecosystem services (e.g. Sethi et  al. 2010). Greater 
emphasis on marine ecosystem health (and the ben-
efits and services provided by those ecosystems) is 
needed when balancing economic returns with envi-
ronmental cost.

Broadly speaking, development and application 
of financial mechanisms are influenced by each of 
our drivers, including social and sectoral demand for 
“green” solutions; governance incentives, disincen-
tives and requirements for accountability and best 
practice; as well as changes from within the finance 
sector. We note that shifting to a circular economy 
(Stahel 2016) will help reduce impacts on marine life 
but will not be achieved within a decade. Below we 
highlight specific financial resources and mechanisms 
that can be changed to improve marine conservation.

Financial resources and tools can be used to drive 
positive change for marine environments and redis-
tribute pressure on marine resources, reduce stress-
ors, and support ecosystem restoration; however 
there is currently a large marine conservation fund-
ing shortfall (e.g. it has recently been estimated that 
an extra US$149.02 billion per year is required to 
achieve SDG 14, Johansen and Vestvik 2020). At 
present, the dominant mechanism for financing con-
servation activities is via grants from governments or 
philanthropic sources (Bos et al. 2015). These grants 
can be sporadic in nature and allocated on timescales 
too short to fully achieve optimal conservation out-
comes, or for the societal benefits of the conservation 
activities to be felt (Bos et  al. 2015). To better con-
serve marine environments, greater security of fund-
ing sources and mechanisms is required (Bos et  al. 
2015; Fujita et al. 2013; Johansen and Vestvik 2020; 
Tirumala and Tiwari 2020).

Market-based mechanisms for raising such revenue 
can involve incentives and disincentives; for example 
investment in ecosystem services such as blue car-
bon and fees, taxes or fines for the use (or misuse) of 

marine services, resources, or spaces. Other financial 
disincentives include biodiversity offsets or perfor-
mance bonds paid as a security against harming eco-
systems (Bos et  al. 2015; Deutz et  al. 2020). Over-
all however, most mechanisms are under-utilized or 
poorly applied. For example, some subsidies for com-
mercial fishing support activities that are otherwise 
unprofitable, and waste capital (estimated at US$35 
billion in 2009, Sumaila et al. 2016), and which could 
be better employed to boost sustainability and effi-
ciencies in the sector (Schuhbauer et al. 2017, 2020). 
Many ecosystem services remain unvalued or under-
valued (e.g. nutrient cycling, biodiversity supporting 
fisheries productivity), and rarely do users pay for all 
the services they financially benefit from (Fujita et al. 
2013; also see Haas et al. 2021).

Safeguarding marine environments therefore 
requires an urgent recalibration from within the finan-
cial sector, and an alignment with climate change 
mitigation commitments and sustainability goals 
(e.g. Schelske et  al. 2020). Restructuring investment 
markets and reducing risks associated with private-
sector investment in marine sustainability are critical 
for this (e.g. Fujita et al. 2013; Tirumala and Tiwari 
2020). One mechanism developed recently is ‘blue 
bonds’, which enable developing countries to attract 
and leverage philanthropic investment to refinance 
national debt and fund marine conservation and sus-
tainability projects (The World Bank Group 2020; 
TNC 2020). New financial mechanisms and frame-
works will be required to scale up investment and 
ensure stable funding for marine conservation and 
sustainability, but must also be implemented transpar-
ently and with appropriate representation (Alexander 
et  al. 2021; Tirumala and Tiwari 2020). This might 
include greater involvement of the private sector and 
a suite of financial mechanisms including, for exam-
ple, biodiversity offsets, paying for use of ecosystem 
services, and blended finance (Deutz et  al. 2020; 
Johansen and Vestvik 2020).

Sectoral stewardship

Terrestrial and marine industries are affecting and 
driving change in marine ecosystems. Many terres-
trial agricultural, silvicultural, and manufacturing 
industries contribute to the input of harmful sedi-
ments, chemicals, and nutrients into marine environ-
ments, while tourism, construction and extractive 
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industries (such as fishing, oil and gas and mining) 
also directly and indirectly impact species, habitats, 
and ecosystems (Luypaert et  al. 2020). The scope 
of this driver is focused on the role that industries 
(including individual companies and industrial organ-
isations) play in shaping and contributing to inter-
actions with marine ecosystems and conservation 
outcomes. Sectoral decisions affecting interactions 
with marine ecosystems can broadly be influenced 
by management and governance structures, social 
demand for sustainable products and services, and 
financial market conditions, as well as by leadership 
from influential industry bodies and actors.

The nature and strength of sectoral stewardship is 
influenced by the regulatory environment for indus-
tries whose actions affect marine ecosystems. Regu-
lation and mitigation efforts to reduce the impacts of 
industry interactions in the marine environment are 
typically reactive, with the result that interventions 
are often implemented too late to be effective, or 
need to be in place for extended periods in order to be 
effective (e.g. Constable et  al. 2000). Decision mak-
ing is often siloed within industries, such that cumu-
lative effects – from other industries and drivers – are 
often inadequately considered in regulation (Link 
and Browman 2017; Stephenson et  al. 2019). This 
is especially critical in coastal zones, where the vast 
majority of marine activities occur, and where ter-
restrial and marine activities often interact to produce 
significant environmental impacts (Bax et  al. 2021; 
Willis et  al. 2021, both this issue). However, siloed 
decision-making is also of increasing concern in off-
shore waters, where the blue economy is expanding 
(Novaglio et  al. 2021). Implementation of measures 
that might assist in the recovery of ecosystems can be 
slow and ineffective because of competing interests in 
these regions, and although most activities are moni-
tored to some extent, many lack adequately designed 
or enforceable regulation frameworks (Cinquemani 
2019; Hofman 2019). Implementation of integrated, 
ecosystem-based management requiring monitoring 
of impacts and transparent, balanced consideration of 
trade-offs can therefore empower sectors to make sus-
tainable changes (Stephenson et al. 2021).

International, multinational, and transnational 
ownership structures can enable corporations to avoid 
governmental oversight and regulations, often at the 
cost of environmental integrity (Folke et  al. 2019; 
Sterner et  al. 2019). This influence can undermine 

the setting of effective conservation measures, par-
ticularly where those measures might have economic 
impacts for industries. Conversely, this also means 
that large transnational corporations and industries 
can have disproportionate power to stem declines 
in marine biodiversity and promote shifts towards 
more sustainable outcomes (Folke et  al. 2019; Vir-
din et  al. 2021). Many businesses and industries are 
increasingly becoming more active in addressing 
environmental concerns and conservation, often as a 
response to consumer demand (GSIA 2018). How-
ever, difficulty assessing claims to sustainability and 
concerns over “green-washing” act as a barrier to 
greater investment in green businesses, and curbs the 
growth and potential for greater positive contributions 
from industries to conservation outcomes (de Silva 
et al. 2019; Lewis et al. 2016; Walker and Wan 2012). 
Increasing transparency and accountability, e.g. with 
development of standard metrics for assessing envi-
ronmental impacts, could therefore greatly influence 
the market landscape and decision-making within 
industries.

Management and governance

Approaches to ocean management and associated 
governance and legal frameworks have evolved 
incrementally as disparate responses to specific envi-
ronmental issues (e.g. pollution from land-based 
sources), into increasingly integrated and strate-
gic approaches, such as integrated coastal zone 
management (ICZM) (e.g. Glaeser 2019). Modern 
approaches to managing marine biodiversity now 
incorporate many different tools, operating at a range 
of scales. Conservation management frameworks can 
comprise top-down approaches in which policy and 
legislative instruments implement international con-
ventions and agreements and meet national priori-
ties; or bottom-up approaches including customary or 
Indigenous, ecosystem-based and stakeholder-based 
approaches to resource management. Many frame-
works seek to integrate a mixture of top-down and 
bottom-up approaches, with varying levels of social 
and ecological ‘success’ (e.g. Singleton 2009).

Several legally-binding international conventions 
and agreements focus on reducing anthropogenic 
impacts on the marine environment (see Table  1). 
They vary in many ways including in their compli-
ance mechanisms, state party membership and the 
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political dynamics that accompany their implemen-
tation. This regime is extremely complex, compris-
ing autonomous, non-hierarchical and partially-
overlapping institutions, agreements, and authorities 
(Alter and Raustiala 2018); and despite the number 
of legal instruments and institutions, marine bio-
diversity and ecosystem health have continued to 
decline (UN 2020). The international regime for 
marine environmental governance is facing a host 
of new challenges, including physical changes such 
as ocean acidification and warming, and challenges 
to the fitness and capacity of the governance regime 
itself. For example, resource distributions and global 
priorities are increasingly contested, and global and 
regional geo-political dynamics are changing, exac-
erbating the complexity of marine environmental 
governance (Spalding and de Ycaza 2020). It is also 
becoming more difficult for current international 
governance regimes to achieve an effective balance 
between implementing strong, clear and enforceable 
obligations on the one hand, and enhancing the kind 
of broad, global participation that will be required to 
address global marine environmental problems. Aspi-
rational targets such as the Aichi Targets under the 
Convention on Biological Diversity, and the United 
Nations SDGs, may play an important role in guid-
ing future priority setting and building momentum 
for global marine conservation (e.g. Spalding and 
de Ycaza 2020). However, robust, inter-governance 
regime coordination mechanisms and strong, effective 
action at national and regional levels will be crucial 
to improving the success of marine conservation and 
governance in the future (e.g. Grip 2017).

Beyond consideration of fishing effects on some 
biodiversity components in high seas areas (e.g. con-
servation measures implemented through Regional 
Fisheries Management Organisations), there remain 
significant gaps in legal and management arrange-
ments for biodiversity conservation in these regions. 
Negotiations are currently underway with a focus on 
developing an international legally binding treaty on 
marine Biodiversity in areas Beyond National Juris-
diction (the BBNJ Treaty) (Ban et  al. 2014; Hum-
phries and Harden-Davies 2020). Once finalised, 
this will go some way to filling such governance 
gaps. Biodiversity conservation frameworks and 
action plans have also been established at regional 
scales, including under the UNEP Regional Seas Pro-
gramme, obliging state parties to either collectively 

or individually set up or enhance measures to protect 
fragile ecosystems (e.g. in the Southern Ocean and 
Western Indian Ocean regions, see Oral 2015).

Most developed and developing countries have 
national and regional governance frameworks for 
marine conservation and sustainability; however, 
their implementation varies widely. This variation 
can be attributed to several factors including dif-
ferences in policy priorities, diverse approaches to 
ocean management, and capacity challenges that hin-
der effective governance (see Islam and Shamsud-
doha 2018). Limitations in capacity and capability 
have resulted in uneven outcomes for marine species 
and ecosystems, and can undermine conservation or 
management efforts where species and ecosystems 
are shared across jurisdictions. It can also limit the 
ability of countries to effectively take part in nego-
tiations, resulting in geographic disparity in over-
all achievement of priorities for conservation of the 
marine environment (Halvorssen 2019). Marine con-
servation may also be given a relatively low priority 
when compared to other development priorities. For 
example, recent research demonstrates that a majority 
of countries prioritise socio-economic SDGs over the 
marine environment-based SDG 14 and that efforts to 
achieve SDG 14 are allocated less funding than any 
other SGD priority (Custer et al. 2018; Johansen and 
Vestvik 2020).

Although many frameworks across numerous 
countries aspire to incorporate integrated approaches 
to ocean management (such as marine spatial plan-
ning, ICZM and ecosystem approaches), in most 
cases management frameworks still only address sin-
gle sector activities (e.g. fishing, energy extraction, 
shipping). While this simplifies priority setting and 
actions to achieve those priorities, a lack of integra-
tion can result in conflicting priorities between sec-
tors and uneven access to ocean resources, including 
cultural heritage (Jones et  al. 2016). This can lead 
to patchy outcomes for the conservation of species, 
communities and ecosystems, particularly where 
they are affected by cumulative impacts from multi-
ple sectors and across multiple jurisdictions. Oppor-
tunities for more sustainable governance exist (Haas 
et al. 2021; Rudolph et al. 2020) and ultimately, this 
driver can be influenced by social pressure, includ-
ing the expectation that marine spaces and biodiver-
sity will be sustainably managed, sectoral support for 
ecosystem-based management, and through securing 
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sufficient funding to implement and sustain integrated 
management.

Social impetus for marine ecosystem conservation

Social impetus for conservation has the potential to 
generate tremendous power for change. However, 
industrialisation and globalisation have resulted in a 
general loss of connection between people and envi-
ronments and ecosystems (see also Kelly et al. 2021, 
this issue). Communities across the world depend 
directly and indirectly on marine ecosystems (see also 
Nash et al. 2021b, this issue); however, for many peo-
ple conservation of marine biodiversity is a luxury, 
for example when the only options for accessing pro-
tein or generating a livelihood are based on unsustain-
able activities (Adams et al 2004; Cinner et al 2014; 
Glaser et  al 2018). Addressing inequality, poverty 
and social justice is therefore critical for influenc-
ing social impetus for marine conservation (see also 
Alexander et al 2021, this issue).

In many cases, individuals are unaware of the 
impact their everyday actions have on the health and 
function of marine environments and the ecosys-
tem services they provide (Bleys et  al. 2017). How-
ever, greater interpersonal connectivity and access 
to knowledge seems to be increasing awareness of 
some impacts and issues facing the marine environ-
ment (Boulianne et al. 2020). Importantly, social con-
nection – the shared emotional relationships between 
individuals or cohorts (Clark et  al. 2017; Seppala 
et  al. 2013) – centred on environmental sustainabil-
ity is needed for awareness of marine environmen-
tal issues to translate to social impetus for sustained 
conservation action on conservation issues. Social 
connection can also help promote a shared identity 
and set of norms and values around concepts such as 
‘ecological sustainability’ (e.g. such as those related 
to jobs and money). Further, a lack of connection and 
trust can hamper the social understanding and accu-
rate communication of these often-complex issues 
(Ives et al. 2017).

Currently, many of the environmental issues that 
attract considerable public and media attention and 
action (such as oil spills and reduction in single-use 
plastics, Eddy 2019; Edgar et  al. 2003) tend to be 
singular, easily observed problems for which solu-
tions can be simply articulated (also see Kelly et al. 
2021, this issue), rather than the far more damaging, 

complex and cumulative impacts that marine ecosys-
tems face. Advancing ocean literacy and empowering 
people to make informed choices that support marine 
conservation (e.g. through access to information) are 
particularly important for influencing social impe-
tus (Kelly et al. 2021; Nash et al. 2021b, this issue). 
Where conservation efforts result in reduced delivery 
of benefits, substantial structural resistance to those 
efforts can occur (Alexander et  al. 2021 this issue). 
Social impetus for conservation is more likely to be 
strong where conservation outcomes can be linked 
to proximal economic benefits and societal survival 
(Kauder et  al. 2018). However, linking conservation 
goals and strategies with social dependencies on the 
services marine ecosystems provide can be a power-
ful mechanism for creating collective action (Barnaud 
et al. 2018).

Plausible Futures for 2030

Business‑as‑usual 2030 – ‘too little, too late 
is tragically common’

Along the business-as-usual trajectory towards 2030, 
there will certainly be progress made relative to the 
beginning of the decade, with increased implementa-
tion of conservation measures (e.g. improved design 
and establishment of MPAs, improved monitoring 
through use of technology), improved management 
and regulatory frameworks with associated reduc-
tions in some pressures and steady increases in habi-
tat restoration (see below). However, much of the 
progress in conservation outcomes is geographically 
biased and overall the trajectory for marine ecosys-
tem health continues on a decline (grey line, Fig. 3). 
Positive progress, and the actions that facilitated 
them, seem likely to be too sporadic and reactive to 
ensure the widespread improvements needed in many 
regions; this is driven largely by unequal availability 
(and thus inequality) of financial resources and exper-
tise devoted to improving conservation outcomes. 
Decision-making and drivers of conservation out-
comes and marine ecosystem health are still mostly 
siloed and isolated from one another, leading to insuf-
ficient collaboration and consideration of cumulative 
impacts. Ultimately, it seems that progress and con-
cordant conservation benefits will be best summarised 
as ‘too little, too late,’ and continue to be obstructed 
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by commercialisation of exploitation. Under this sce-
nario, by 2030:

• Implementation of integrated, marine spatial plan-
ning has increased, but is undertaken in approxi-
mately only 30% of EEZ’s globally (IOC-UNE-
SCO 2017, 2018)

• Social impetus for safeguarding and recovering 
marine ecosystems has increased sporadically 
(e.g. Agardy 2005; Hawkins et  al. 2016; Kelly 
et al. 2018; Wynveen et al. 2014)

• Management of the marine estate remains pre-
dominantly siloed, reactive, and often lacks strate-
gic conservation goals (e.g. Alvarez-Romero et al. 
2018)

• Lobbying continues to impede the development 
and/or implementation of new financial or regu-
latory mechanisms to mitigate impacts on marine 
ecosystems (e.g. Etzion 2020; Folke et al. 2019)

• Increased demand for sustainable products and 
services drives sporadic improvements in some 
industries/companies, but this has yet to trigger a 

broader shift in practices that improve or minimise 
harm to marine environments (e.g. Lim 2017)

• Geographic bias in marine ecosystem research, 
management, and conservation continues (e.g. 
Alvarez-Romero et al. 2018; Di Marco et al. 2017)

• Negotiations for a new UN treaty on Biodiversity 
Beyond National Jurisdictions (BBNJ) have pro-
ceeded very slowly (noting the effect of the coro-
navirus pandemic on the scheduling of confer-
ences of the parties and intersessional activities) 
and seem increasingly unlikely to result in strong, 
legally binding conservation obligations (Tiller 
et al. 2019), even as extractive industries continue 
expanding in areas beyond national jurisdiction.

Sustainable 2030—‘building momentum 
for conservation success’

In the sustainable 2030 scenario, while there still 
remains considerable room for improvement, the 
overall trajectory of ecosystem decline present at 

Fig. 3  The trajectories of marine biodiversity change we 
envisage under a business-as-usual scenario (grey line) and 
under our more sustainable but technically achievable scenario 

(blue line). The y-axis represents marine biodiversity and the 
x-axis represents time. Figure format inspired by a graphic by 
A Islaam, IIASA
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the beginning of the decade has been arrested (blue 
line, Fig. 3), with increasing momentum and a rapidly 
growing number of success stories resulting in clear 
reversal in some regions and ecosystems (Abelson 
et al. 2016). Pressures on many marine environments 
have declined due to more collaborative and proactive 
regulation, aided by increased action to address the 
inequality of resources available to support regulation 
and management. Indeed, well-resourced, cross-disci-
plinary integrated management emerges as a corner-
stone of the positive conservation outcomes that are 
occurring, and which have taken place at all scales, 
from local to international. Under this scenario, by 
2030:

• Integrated, ecosystem-based management of 
marine ecosystems has been widely implemented 
(e.g. Delacámara et al. 2020; Link and Browman 
2017; Stephenson et  al. 2021; Stephenson et  al. 
2019)

• There is increased social impetus and empower-
ment for the safeguarding of marine ecosystems 
(e.g. Hawkins et al. 2016; Kelly et al. 2018)

• Community-members and decision-makers are 
better informed about the importance of marine 
ecosystems and positive practical actions they can 
take (e.g. Artelle et al. 2018; Kaplan-Hallam and 
Bennett 2017)

• Growing interdisciplinary collaborations and 
cross-sectorial regulations reduce negative 
impacts on marine ecosystems and promote a 
shift towards a more circular economy (e.g. Stahel 
2016; Kirchherr et al. 2017)

• Greater emphasis on environmental impacts in 
triple-bottom-line accounting, in conjunction 
with financial mechanisms, to support and rebuild 
marine ecosystems (e.g. Bos et  al. 2015; Dich-
mont et al. 2020)

• Capacity-building in under-resourced communi-
ties decreases regional inequalities in development 
and implementation of integrated spatial manage-
ment (Alvarez-Romero et al. 2018; IOC-UNESCO 
2017)

• Improved ecological monitoring and forecast-
ing, and the transfer of such information, both of 
which enable more proactive, flexible, and adap-
tive management (e.g. Pendleton et al. 2020)

• Improved monitoring, evaluation and adaptation 
of management strategies and plans (Ehler 2014; 
IOC-UNESCO 2017)

• Negotiations for a new UN BBNJ treaty have pro-
ceeded slowly (noting the effect of the coronavi-
rus pandemic on the scheduling of conferences of 
the parties and intersessional activities) but seem 
increasingly likely to result in legally binding con-
servation obligations, and important States have 
indicated that they intend to ratify the treaty.

Pathway to achieving a sustainable future

We identified a series of actions, each associated 
with one or more of our drivers, that together could 
form a pathway for achieving a more sustainable 
2030 future for marine biodiversity and ecosystems 
(Tables 2, 3, 4, 5). These actions are grouped in four 
categories, which correspond with overarching goals 
for our pathway (listed below). Within each category 
we identify when actions commence on the spec-
trum from short-term (2021–2025), medium term 
(2025–2030) and long-term (2030 and beyond). We 
also identify who, amongst governments, industry 
and research institutions, might need to undertake 
those actions, as well as describing the scales (local, 
regional, global) that are applicable for each action. 
For each action we also specify the driver (or in some 
cases two drivers) which that action addresses.

The four categories/overarching goals for our sets 
of actions within the pathway are:

(1) To improve capacity for flexible and adaptive 
biodiversity and ecosystem-based management in 
the marine environment (Table 2; see also Haas 
et  al. 2021, this issue). The actions in this cate-
gory mostly address the management & govern-
ance driver described above.

(2) To make access to data and expertise more equi-
table (Table  3). This includes financial mecha-
nisms (e.g. increased funding, incentives) to 
make data more accessible as well as capac-
ity building in regions with fewer resources to 
research and implement adaptive management. 
Actions in this category collectively address all 
four of our drivers.

(3) To foster social empowerment and connection 
with conservation of the marine environment 
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Table 2  Actions for improving capacity for flexible and adaptive biodiversity and ecosystem management.  = Management 
& Governance;  = Sectoral Stewardship

Improve capacity for flexible and adap�ve biodiversity and ecosystem management
Ac�ons Who Scale Drivers 
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Go
ve

rn
m

en
t

Re
se

ar
ch

 
in

s�
tu

�o
ns

In
du

st
ry

Lo
ca

l

Re
gi

on
al

Gl
ob

al

Lo
ng

-t
er

m
   

   
   

   
   

   
   

   
   

   
   

   
   

   
M

ed
iu

m
-t

er
m

   
   

   
   

   
Sh

or
t-t

er
m

Upscale predic�ve capacity for ecological 
forecas�ng with ensembles of ecosystem models 
of different type, size & scope

✓ ✓ ✓ ✓ ✓ ✓

Expand and fund monitoring programs and 
observa�on systems for real-�me feedback of 
data into modelling, forecas�ng & management

✓ ✓ ✓ ✓ ✓

Op�mise the relevance and usability of real-�me 
and predicted informa�on in presenta�on to 
decision-makers (design to maximise trust, 
maintain and update technologies and pla�orms)

✓ ✓ ✓ ✓ ✓ ✓

Increase and enhance Indigenous management & 
partnerships ✓ ✓ ✓ ✓ ✓ ✓

Test and upscale ecosystem restora�on, and 
where necessary, inves�gate the poten�al for 
more interven�onist ac�ons to maintain and 
promote ecosystem func�on – e.g. assisted 
evolu�on, novel species transloca�ons1

✓ ✓ ✓ ✓ ✓ ✓

Improve and support procedural jus�ce in 
decision making2 ✓ ✓ ✓ ✓

Strengthen linkages and streamline knowledge 
exchange between researchers, industry, 
managers and policy-makers

✓ ✓ ✓ ✓ ✓ ✓

Develop clear legal guidance on implemen�ng 
Ecosystem Based Management under 
interna�onal laws (UNCLOS, CBD etc, see Table 1), 
including by tasking the IUCN to develop policy-
making guidelines

✓ ✓

Establish spa�ally nested, integrated adap�ve 
management plans (with local-level plans 
connected to regional-level frameworks and plans 
and regular evalua�on)

✓ ✓ ✓ ✓

Implement policy to require and enable adap�ve 
management – support the use of legi�mate 
decision-making processes (e.g. underpinned by 
best available science) that include monitoring 
and evalua�on

✓ ✓ ✓ ✓

1 For example see Gattuso et al. (2018), IPCC (2019), Duarte et al. (2020)
2 See Alexander et al. (2021, this issue)
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through improved ocean literacy (Table  4; see 
also Kelly et al. 2021, this issue). These actions 
include formal and informal education, citizen 
science, and mechanisms for increasing acces-
sibility of information to the public about a) 

status of marine ecosystems, and b) progress in 
safeguarding marine ecosystems. These actions 
together address our social impetus driver.

(4) To implement market and financial mechanisms 
that support marine conservation (Table 5). This 

Table 3  Actions for making access to data and expertise more equitable.  = Management & Governance;  = Sectoral 
Stewardship;  = Social Impetus;  = Finance

Make access to data and exper�se more equitable
Ac�ons Who Scale Drivers 

addressed
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Make research funding condi�onal on resul�ng 
data to be FAIR (Findable, Accessible, 
Interoperable, Reusable)1

✓ ✓ ✓ ✓ ✓

Adequately resource data centres’ capacity to 
ensure data follows FAIR principles, is curated and 
reported regularly in useful formats, and that it 
facilitates collabora�on2

✓ ✓ ✓ ✓ ✓

Adequately resource the cura�on and systema�c 
study (e.g. taxonomy, phylogene�cs) of exis�ng 
biological collec�ons

✓ ✓ ✓ ✓

Digi�se physical biobanks into virtual pla�orms to 
enable global access and encourage greater 
collabora�on3

✓ ✓

Combine and synthesise datasets to iden�fy areas 
of ecological importance as priority choices for 
protec�on and for planning marine conserva�on 
into the future4

✓ ✓ ✓ ✓ ✓

Ensure funding requirements for research in 
developing regions and remote communi�es 
include genuine capacity building5

✓ ✓ ✓ ✓ ✓

Provide access for researchers and managers in 
developing regions to exper�se and funding from 
wealthier na�ons, while ensuring ownership of 
research remains with local researchers, and local 
and Indigenous knowledge and priori�es are
respected

✓ ✓ ✓ ✓

1 See Wilkinson et al. (2016)
2 For example see Edgar et al. (2016), https:// schema. org/, https:// datas etsea rch. resea rch. google. com/
3 For example Otlet (Green et al. 2019), Atlas of Living Australia (http:// www. ala. org. au)
4 For example see Hindell et al. (2020)
5 For example the Australian Centre for International Agricultural Research (ACIAR) supports and funds thousands of agricultural 
and aquaculture projects by building capacity of individuals and institutions in-country (https:// aciar. gov. au/ cross- cutti ng- areas/ capac 
ity- build ing)

https://schema.org/
https://datasetsearch.research.google.com/
http://www.ala.org.au
https://aciar.gov.au/cross-cutting-areas/capacity-building
https://aciar.gov.au/cross-cutting-areas/capacity-building
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set of actions consider consumer choice and 
transparency in supply chains (see also Farmery 
et al. 2021, this issue), as well as financial incen-
tives and disincentives for industry (see Novaglio 
et al. 2021, this issue), and addresses all four of 

our drivers, but most specifically the sectoral 
stewardship and financial mechanisms drivers.

Relationships between the drivers and our over-
arching goals towards the more sustainable future are 

Table 4  Actions for increasing societal impetus for conservation of marine biodiversity through improved ocean literacy and com-
munication.  = Management & Governance;  = Social Impetus;

Foster social empowerment and connec�on with conserva�on of the marine environment
though improved ocean literacy 

Ac�ons Who Scale Drivers 
addressed
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Expand educa�onal programs to local contexts 
and cultures and to different ages groups to 
improve ocean literacy across ages, regions, 
languages and cultures

✓ ✓ ✓ ✓ ✓

Expand and develop two-way knowledge 
exchange programs (e.g. ci�zen science) that build 
understanding and connec�on to marine 
ecosystems and trust in science

✓ ✓ ✓ ✓ ✓

Provide easily accessible, accurate, up-to-date 
informa	on (about ecosystem status, impacts, 
decision outcomes) so that the public can hold 
decision-makers to account

✓ ✓ ✓ ✓ ✓ ✓

Expand the focus from single issues and guide 
holis	c understanding of cumula	ve impacts 
affec	ng the ocean and sustainable approaches to 
marine resource use and management

✓ ✓ ✓ ✓ ✓ ✓

Novel use of technologies, media and art to 
support greater cultural and experien	al 
connec	on to inaccessible marine ecosystems 
(e.g. virtual reality, computer games, experien	al
artworks)

✓ ✓ ✓ ✓ ✓ ✓

Improve representa�on and diversity in 
environmental research, management, and 
educa�on 

✓ ✓ ✓ ✓ ✓ ✓

Communicate the interconnectedness and 
feedbacks between marine, social, economic, and 
other systems, e.g. through explicit educa�on of 
‘systems thinking’1

✓ ✓ ✓ ✓ ✓

Build trust and connec�on by finding and 
capitalizing on issues and solu�ons that connect 
different stakeholder groups – emphasise posi�ve 
outcomes for all

✓ ✓ ✓ ✓ ✓

1 see also Kelly et al. 2021, this issue
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Table 5  Actions for identifying and implementing market and financial mechanisms to reduce impacts and support conservation. 
 = Management & Governance;  = Sectoral Stewardship;  = Social Impetus;  = Finance

Implement market and financial mechanisms that support marine conserva�on
Ac�ons Who Scale Drivers 
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Facilitate sustainable choices for consumers1 ✓ ✓ ✓ ✓ ✓

Require greater transparency regarding supply 
chains, produc�on processes, ecological impacts 
and waste produc�on (with informa�on easily 
accessible) so that consumers can make more 
informed decisions that consider ecological 
impacts

✓ ✓ ✓ ✓ ✓ ✓

Evaluate and improve produc�on processes to 
reduce and eliminate waste crea�on, use of 
unsustainable materials and chemicals that harm 
marine life (including financial incen�ves and 
disincen�ves to encourage sustainable prac�ces)

✓ ✓ ✓ ✓ ✓ ✓

Incen�vise, implement and further develop 
technologies to capture, reuse and recycle waste 
(in support of a circular economy)

✓ ✓ ✓ ✓ ✓ ✓

Subsidise ac�vi�es that build and support health, 
resilience, recovery, restora�on and rewilding of 
marine ecosystems and their biodiversity

✓ ✓ ✓ ✓ ✓ ✓

Remove subsidies that support unsustainable 
behaviours in marine sectors ✓ ✓ ✓ ✓ ✓

Increase taxes and fines for ac�vi�es that degrade 
marine ecosystems ✓ ✓ ✓ ✓

Effec�ve resourcing (including diver�ng income 
from taxa�on of harmful ac�vi�es) towards 
restora�on, management, research and 
communica�on for improving marine ecosystem 
health

✓ ✓ ✓ ✓ ✓ ✓

Broad uptake, standardiza�on and audi�ng of 
science-based indicators and metrics for assessing 
conserva�on and biodiversity outcomes of 
business/industry policies and prac�ses. 
Normalize the use and business accoun�ng of 
such indicators2

✓ ✓ ✓ ✓ ✓ ✓

Improve risk management for private-sector 
investment in natural capital and sustainable 
development

✓ ✓ ✓ ✓ ✓ ✓

Valua�on and payment for ecosystem services 
from which industries indirectly benefit financially ✓ ✓ ✓ ✓ ✓ ✓

1 For example, the Oceanwise Program (seafo odwat ch. org/)and Seafood Watch (www. seafo odwat ch. org/)
2 See Vörösmarty et al. (2018),Addison et al. (2019)

http://seafood.ocean.org/
http://www.seafoodwatch.org/
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illustrated in Fig.  4. Importantly, successful exam-
ples of the implementation of many of the actions 
we describe already exist – which highlights that this 
pathway is achievable with sufficient political and 
socioeconomic will. We describe some examples of 
these ‘bright spots’ in Table 6, pertaining to a series 
of different habitat or biodiversity components, and 
summarise who undertook specific actions and at 
what scale, as well as the factors that enabled specific 
actions, to realise these examples of success.

Discussion

In this paper we have developed and outlined a tech-
nically achievable pathway to a future for marine 
ecosystems and biodiversity where the trajectory of 
ecosystem decline present at the beginning of the 
decade has been stemmed, and examples of con-
servation success, e.g. ‘bright spots’ are rapidly 
growing in size and number. In developing the set 
of actions described in Tables 2, 3, 4, 5 we endeav-
oured to generate a condensed list of key actions over 

the 2021–2030 timeframe that could form a feasi-
ble pathway towards the more sustainable future we 
have described for marine ecosystems globally, con-
sidering the four key drivers of change identified. Of 
course, in reality, there is a vast amount to be done 
to address the complex challenge of safeguarding 
marine life, and a range of factors that might influ-
ence the effectiveness and ultimate success of these 
actions. In the following sections we discuss five fac-
tors that we consider to be particularly important in 
determining capacity for action to address the driv-
ers in a way that sets us on the pathway to a more 
sustainable future. These factors are: (1) connection 
to marine ecosystems and behavioural change; (2) 
empowering local communities, Indigenous man-
agement and partnerships; (3) access to accurate, 
up-to-date information; (4) overcoming barriers to 
integrated, ecosystem-based management; and (5) 
shifting towards a more equitable, circular economy. 
We acknowledge that there is a significant (and con-
tinually developing) body of literature around all five 
of these topics, and so in the following sections we 
attempt to distil the key ways in which they might 

Fig. 4  Relationships 
between the umbrella driv-
ers of marine ecosystem 
change on the left, and 
our overarching goals for 
a more sustainable 2030 
on the right. Filaments 
between the nodes represent 
the actions presented in 
Tables 2, 3, 4, 5, coloured 
according to the goal 
to which they primarily 
contribute
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influence capacity for the actions identified in our 
results, and hence affect the likelihood of achieving 
a more sustainable future for marine biodiversity. We 
note that addressing these factors won’t fix marine 
biodiversity conservation, however they can contrib-
ute to shifting our drivers within this decade, and then 
in the longer term (beyond 2030) these drivers will be 
positioned to improve marine conservation.

Connection to marine ecosystems and behavioural 
change

It is not possible for all 7.8 billion people on Earth 
to feel deeply connected with marine ecosystems. 
However, actions to increase individuals’ connection 
with marine spaces and nature in general is likely to 
increase pro-environmental behaviour and attitudes, 
with the added benefit of improving wellbeing (Evans 
et al. 2018a; Kelly et al. 2021; Nash et al. 2021b; Rosa 
and Collado 2019; White et al. 2019). The drivers for 
improving human connectedness to marine environ-
ments are outlined in Kelly et  al. (2021, this issue) 
and include education, cultural connections, techno-
logical developments and knowledge exchange and 
science-policy interconnections. Those authors iden-
tify five key challenges to improving ocean literacy 
including the need to i) expand educational programs 
beyond those that are youth-focused to include all 
components of society; ii) expand programs to local 
contexts and cultures to improve ocean literacy across 
regions, languages and cultures; iii) expand the focus 
on single issues and guide holistic understanding of 
issues affecting the ocean and sustainable approaches 
to marine resource use and management; iv) max-
imise the utility of technology in achieving ocean 
literacy; and v) adopt more inclusive approaches to 
decision making. Kelly et al. (2021) develop an ocean 
literacy toolkit and provide a practical pathway for 
improving societal connections to the marine envi-
ronment, and in doing so support improved societal 
impetus for conservation actions.

Changing the way individuals and society con-
sider marine ecosystems can also benefit from using 
diverse means of communication to reach different 
people in different contexts. Art, storytelling, and 
humour can all allow people to diverge from their 
normal thought processes, and to connect with infor-
mation and marine environments in a different way 
(e.g. Curtis et  al. 2012; Dahlstrom 2014; Dahlstrom 

and Scheufele 2018; Lenda et al. 2020; Paterson et al. 
2020). Games can also be used to develop mechanis-
tic understanding of how cumulative human actions 
and policies impact marine ecosystems (e.g. https:// 
www. mspch allen ge. info/), and how trade-offs in 
their management might affect enjoyment of marine 
spaces.

Leveraging behavioural science is also increas-
ingly recognised as key to support conservation out-
comes and sustainable choices and actions by con-
sumers and communities (Bennett et  al. 2017). For 
example, Cinner (2018) describes how, because peo-
ple generally prefer to maintain the status quo, set-
ting default options so that people need to “opt out” 
rather than “opt in” to sustainable options can be an 
effective strategy. Moreover, if people perceive envi-
ronmental problems as being beyond the power of 
individuals to effect change, then directly facilitating 
sustainable choices (e.g. opt-out vs. opt-in to sustain-
able options), can boost the feeling of making a dif-
ference and so propel further action.

Empowering local communities, Indigenous 
management and partnerships

The magnitude of the challenges facing the health and 
management of marine ecosystems requires innova-
tive solutions that are capable of being implemented 
across all geospatial scales. Adopting a ‘bottom-up’, 
locally-driven approach would not only empower 
greater connection of local communities to their 
marine environments (as discussed above) but could 
also increase impetus for action at broader scales. 
However, not all communities that depend on marine 
ecosystems do so sustainably (e.g. Cinner et al. 2016; 
Dambacher et  al. 2007; Glaser et  al. 2018), and 
addressing poverty and social well-being are critical 
elements for achieving sustainable resource use and 
conservation (i.e. achieving SDG 14 depends also on 
achieving other SDGs) (Chaigneau et al. 2019; Coul-
thard et al. 2011; Nash et al. 2020). Resourcing may 
also be more limited at local scales and local com-
munities are limited in the extent to which they can 
(independently, at least) mitigate local impacts from 
global challenges such as climate change. Given 
the variability in the capacity of local communi-
ties to safeguard marine ecosystems, and the global 
scale of pressures facing them, it is important to 
both strengthen local communities’ power to protect 

https://www.mspchallenge.info/
https://www.mspchallenge.info/


89Rev Fish Biol Fisheries (2022) 32:65–100 

1 3
Vol.: (0123456789)

their local environments and also support them more 
effectively through integrated regional management 
structures. In particular, the diversity of the local 
communities needs to be represented in positions of 
responsibility in local and regional ecosystem man-
agement, monitoring and research to ensure whole-
of-community support for the conservation goals and 
processes. If well supported, diverse decision-making 
teams have greater capacity to generate and explore 
innovative approaches to challenges and show greater 
thoroughness of decision-making processes and accu-
racy of assessments (Cheruvelil et al. 2014; Hong and 
Page 2004; Phillips et al. 2014), which are fundamen-
tal for improving marine ecosystem management.

The need to empower Indigenous Peoples to man-
age their cultural marine spaces is especially impor-
tant. Indigenous Peoples have suffered from loss 
of territory and resources due to both the depletion 
of their environments by Western/global pressures 
and, with a few exceptions (e.g. Gwaii Haanas, and 
SGaan Kinghas-Bowie Seamount, both Canada), the 
actions of the West to conserve these now dwindling 
resources/environments (e.g. access to cultural fish-
ing waters restricted due to marine reserves) (Tauli-
Corpuz et  al. 2020). Yet many Indigenous Peoples 
still have the experience and knowledge required to 
sustainably manage these ecosystems (see Reid et al. 
2020 and the case study below). Recognition of this, 
along with opportunities and support (where neces-
sary) for Indigenous Peoples to develop and formal-
ize their own marine ecosystem management plans 
and objectives (Fischer et  al. 2021; Mustonen et  al. 
2021, both this issue), is likely to result in improved 
marine ecosystem health at the same time as advanc-
ing equity for Indigenous Peoples (e.g. Alexander 
et  al. 2021; Artelle et  al. 2019; Ban and Frid 2018; 
Rist et al. 2019).

Local and Indigenous knowledge is currently 
under-recognised in ecosystem management activi-
ties and frameworks (Jones et  al. 2020b; Ogar et  al. 
2020; Reid et al. 2020). Indigenous ecological knowl-
edge is a complex system of intergenerational, expe-
riential observations, beliefs, practices and values 
that has evolved as a response to interactions between 
culture and environment (e.g. Alexander et al. 2019; 
Jackson et  al. 2017; Yunupingu and Muller 2009). 
The rich understanding Indigenous People have for 
their local environment is inseparable from their cul-
tural values and practices (Frainer et  al. 2020), and 

in many cases comprises experience and knowledge 
for adapting practices to large environmental change. 
Yet, even where Western ecosystem management 
frameworks try to draw on Indigenous knowledge, 
they often seek to separate the ecological knowledge 
from the cultural perspective and practices to which 
it belongs, and so divorce the knowledge from its 
context (e.g. Yunupingu and Muller 2009). Moving 
forward, greater emphasis on developing pluralistic 
knowledge frameworks and methods for bridging the 
separate knowledge frameworks will enable richer, 
and more informed management of ecosystems and 
people, with greater conservation and human out-
comes (e.g. Alexander et al. 2019; Gavin et al. 2018; 
Kaiser et  al. 2019; Reid et  al. 2020). Importantly, 
the best approaches for doing so are likely to differ 
between cultures and environments, but a number of 
case studies and meta-analyses provide examples for 
how this can be done, e.g. Table 7, Alexander et  al. 
(2019) (although many of these are from developed 
nations, i.e. Canada, New Zealand).

Access to accurate, up-to-date information

To be able to choose actions that support conserva-
tion of marine ecosystems, both society and decision 
makers need access to clear, accurate, and up-to-date 
information on the pressures being placed on the 
marine environment and solutions for reducing those 
pressures (see also Kelly et  al. 2021, this issue). In 
order to provide accurate up-to-date information for 
decision making, information needs to be made avail-
able in real-time and in formats that are digestible 
to those that need and utilise this information (e.g. 
Lowerre-Barbieri et al. 2019). This requires improved 
dataflows, rapid analyses, reliable interpretation and 
accessible delivery. It will also require that all infor-
mation generators (industry, business, society) make 
information accessible (Evans et  al. 2018b). Ulti-
mately, mechanisms that can bring all of these vary-
ing data sources together to provide key indicators 
that can be tracked and translated into forms that 
conservation managers can both understand and use 
are needed (Evans et al. 2019). Effective use of his-
torical datasets is also needed – these data are needed 
to develop skill in forecasts and an understanding of 
what past activities have occurred in order to under-
stand future risk. This will require digitising infor-
mation that is not in digital formats, updating data in 
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out-dated formats (that result in data not being able to 
be used anymore) and making these available through 
easy to access dataflows. Targeted efforts in this 
regard have been undertaken with oceanographic data 

(Woodruff et  al. 2005). Further, large scale assess-
ments relating to the marine environment, currently 
released at scales of 5 or more years, are recognising 
the need to provide information in more digestible 

Table 7  Case study

Case study: Development of marine spatial management plans for northwest coast of Canada in partnership with First Nations’ governments

  
Razorclam diggers on North Beach, Haida Gwaii. Photo credit: Graham Richard
Marine spatial planning (MSP), including zoning for conservation purposes, has been a key element of marine plans developed for the Northern Shelf 

Bioregion (NSB), located on the northwest Pacific coast of Canada (Jones et al. 2020a). Approximately 45% of the population in the region is Indig-
enous, some 28 Indigenous Nations have territories in the region, and 16 are actively involved in negotiation of treaties or reconciliation agreements with 
Canada (see BC Treaty Commission 2020; ISC 2019). Marine Spatial Planning, in partnership with Canada, the Province of British Columbia (BC) and 
Indigenous Nations, has been underway since 2005 including development of i. a high level integrated marine plan, ii. four sub-regional marine spatial 
plans, and iii. ongoing work to design an MPA Network. A critical factor in developing these plans and initiatives has been how Indigenous groups 
organized themselves and established governance structures on scales conducive to planning, regardless that Indigenous rights and title occur at the scale 
of individual Nations (Jones et al. 2010). A similar governance structure was recently applied for marine transportation and emergency response plan-
ning as part of collaborative implementation of a federal Ocean Protection Plan (RFA 2019). MSP and marine governance efforts are seen as a facet of 
Indigenous reconciliation in Canada (e.g. Jones et al. 2010).

    i. An integrated marine plan for the NSB, the Pacific North Coast Integrated Management Plan (PNCIMA), was endorsed by federal, provincial and 
Indigenous governments in 2018. The plan establishes an EBM framework and identifies five priorities for implementation including governance and 
MPA network planning (PNCIMA 2017, 2020). Although the federal government has since identified MSP pilots in other parts of Canada, commitments 
to MSP in the high-level PNCIMA plan for the Pacific North Coast are minimal.

    ii. Beginning in 2011, four sub-regional plans and a regional action framework were developed that were endorsed in 2015 by provincial and Indigenous 
governments through a Marine Plan Partnership (MaPP 2020). The plans include a zoning framework based on IUCN categories that designates about 
18% of the NSB as a protection management zone (PMZ). About 4% of the NSB is identified as a special management zone (SMZ) related to economic 
development activities. Outcomes of the Haida Gwaii Marine Plan, one of the sub-regional plans, were guided by a future scenario that outlines a marine 
conservation and local economy path. BC and Indigenous Nations manage activities within the PMZ to protect critical values and meet specific objec-
tives. Progress is assessed annually based on performance measures (MaPP 2020). Plans are currently under review, with updates part of a 5-year review 
cycle.

    iii. Development of the MPA network for the NSB is progressing gradually (MPA Network 2020). An inclusive process involving key marine stakehold-
ers was used to identify design criteria and a draft network scenario is currently being reviewed with the goal of completing the network design by 2021.

The NSB planning process reflects several criteria for reconciliation identified through a review of the United Nations Declaration on the Rights of Indig-
enous People (Jones et al. 2020a). These include negotiation of government-to-government agreements, adequate resources for Indigenous planning and 
plan implementation, documentation and inclusion of traditional knowledge (Diggon et al. 2021), incorporation of Indigenous priorities into decision-
making, and consent through endorsed agreements and plans. The MaPP plans achieved significant interim protection and conservation results (MaPP 
2017, 2019). BC and signatory Indigenous governments are using the plans to make resource management decisions related to foreshore and marine 
development including forestry, aquaculture and tourism activities (e.g. Figure 4). As well, the MaPP zoning has been a key input into development 
of the MPA Network design. However, there are gaps related to federal jurisdiction and MSP in areas such as fisheries, oil and gas development, aquacul-
ture and marine transportation
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formats (e.g. the interactive atlas of the most recent 
working group 1 assessment report of the intergov-
ernmental panel on climate change, see https:// inter 
active- atlas. ipcc. ch/), in ways that allow for updat-
ing of information on more frequent time scales (e.g. 
for example on annual time scales such as that of 
the World Meteorological Organisation’s state of the 
global climate reports, see https:// public. wmo. int/ en/ 
our- manda te/ clima te/ wmo- state ment- state- of- global- 
clima te. These efforts need to be expanded to include 
information on marine ecosystems.

Methods for communication can include tech-
nological tools such as environmental dashboards, 
or computer and smartphone applications. These 
tools can provide information on the current status 
of marine ecosystems and the future threat of cli-
mate change (Melbourne-Thomas et  al. 2021; Tre-
bilco et al. 2021, this issue) and economic activities 
(Novaglio et  al. 2021, this issue) to these systems. 
They can provide information about ecological out-
comes of government policies and link consumers 
to supply chains and sustainability information on 
products (Farmery et  al. 2021, this issue), and ulti-
mately provide steps that individuals can implement 
to contribute to positive outcomes for marine envi-
ronments. Increased uptake and positive outcomes are 
more likely if the information is locally specific and 
place-based.

Overcoming barriers to integrated, ecosystem-based 
management

As identified in our drivers of change for con-
servation of biodiversity and ecosystems, move-
ment towards integrated, ecosystem-based man-
agement (EBM) will be a key factor in working 
towards a more sustainable future. Implementing 
EBM and ecosystem-based fisheries management 
(EBFM) has been a goal in international environ-
mental laws – implicitly since the 1980s and, more 
recently, explicitly in legal instruments such as 
fisheries management agreements and in principles 
and guidance developed under the Convention for 
Biological Diversity (Enright and Boteler 2020). 
However, there remain significant challenges for 
its effective implementation through formal legal 
instruments, including the need for co-operation 
between agencies and more practical guidance 
about its implementation in different regions and 

at different governance scales, and the fundamen-
tal need for greater political willpower (Enright 
and Boteler 2020; Rudd et  al. 2018). There have 
been calls for ecosystem approaches that integrate 
across multiple sectors, and for expanding the con-
cepts of integrated coastal zone management (Post 
and Lundin 1996) to open ocean systems. Stephen-
son et  al. (2019) describe a pathway towards inte-
grated management for marine systems, identify 
steps for implementation and consider factors that 
might enable or inhibit progress towards integrated 
management. A detailed treatment of actions to pro-
gress the successful implementation of integrated, 
ecosystem-based management is beyond the scope 
of our study (although many of the actions we iden-
tify in Tables 2, 3, 4, 5 could help address this chal-
lenge, and build on what is described by Stephenson 
et  al. 2019). Important barriers to achieving inte-
grated EBM and EBFM more broadly are:

• Increased need for understanding of the cumula-
tive effects of the pressures caused by the activities 
of multiple sectors across multiple jurisdictions 
(current knowledge gaps are also a consequence of 
the limited implementation of EBM)

• That adaptive management, while crucial to effec-
tive EBM approaches, remains controversial, dif-
ficult to implement and enforce, and absent from, 
or afforded mere lip-service in, most existing legal 
and policy frameworks (e.g. Enright and Boteler 
2020).

• A lack of indicators and reference levels to meas-
ure achievements towards EB(F)M, limiting the 
capacity to implement effective adaptive manage-
ment approaches

• Limitations in our understanding about the social 
dimensions of EBM (which encompasses socio-
economic-ecological dimensions), particularly in 
the coastal zone (Le Tissier 2020)

• Lack of tools that consider all dimensions and 
dynamics, but are efficient and accessible.

• Since EBM is most often system-specific, EBM 
frameworks need to be tailored to fit the specific 
context of different systems.

• Limited experience in coordinated planning across 
agencies and jurisdictions – a task that is funda-
mental to EBM. In particular, EBM planning 
involves: (1) cross-jurisdictional engagement for 
natural systems that cross State and Continental 

https://interactive-atlas.ipcc.ch/
https://interactive-atlas.ipcc.ch/
https://public.wmo.int/en/our-mandate/climate/wmo-statement-state-of-global-climate
https://public.wmo.int/en/our-mandate/climate/wmo-statement-state-of-global-climate
https://public.wmo.int/en/our-mandate/climate/wmo-statement-state-of-global-climate
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boundaries, and (2) integration of management 
activities between conservation and resource 
extraction agencies.

Overcoming these barriers requires secure funding 
and support for the managers at all levels, to learn and 
implement ecosystem-based approaches, and could 
include use of novel technology for testing and moni-
toring outcomes of management decisions (Fulton 
2021). Engagement of stakeholders with ecosystem-
based management process is also fundamental, and 
can be enhanced by employing knowledge brokers 
and graphic artists who facilitate communication 
between different disciplines and stakeholders, and 
working with psychologists to understand biases that 
may create barriers to participation (Fulton 2021; Ste-
phenson et al. 2019). Finally, clarifying systems and 
processes for monitoring and responding to changes 
in marine ecosystems (e.g. through information trans-
fer, as discussed in the section above) could enable 
adaptive management requirements to be formalized 
in legal and policy frameworks.

Shifting towards a more equitable, circular economy

Changing the economic model of profit at the cost of 
marine ecosystems is critical for marine conservation 
in the long term. Capitalism has enabled the situation 
where businesses profit through disproportionately 
impacting marine ecosystems, but the consequent 
loss of ecosystem services is felt by all. For example, 
fewer than 100 companies are responsible for half of 
the global decline in surface ocean pH to 2015 and 
42–50% of increase in mean surface warming to 2010 
(Ekwurzel et  al. 2017; Licker et  al. 2019). Escap-
ing the heavy hand of capitalist interests will require 
strong governance and, ultimately, social pressure 
for stronger regulation and more equitable economic 
markets and sustainability (see also Novaglio et  al. 
2021; Virdin et  al. 2021). It is beyond the scope of 
this paper to discuss in detail how to change the eco-
nomic model, however many of our recommended 
actions could contribute to such a shift. This includes 
accounting for the economic value of ecosystem 
goods and services in decision-making processes and 
increased accountability and transparency around tax-
ation and subsidisation of organisations that pollute or 
otherwise harm marine ecosystems and development 
of indicators to support those. While these actions are 

not sufficient to change the economic model, they are 
critical steps for safeguarding marine ecosystems into 
the future.

Human–environment interactions and COVID

The recent evolution of the COVID-19 global pan-
demic has changed the course of the next decade and 
has affected some of the aspects discussed in this 
paper. For instance, in some countries, a shift in the 
allocation of funding to new priorities (e.g. medical 
therapies and research) might delay progress towards 
meeting some of the UN SDGs (Bates et  al. 2020). 
In addition, reduced food supply during the lockdown 
in some regions may have elicited illegal fishing (e.g. 
rural India, Pinder et  al. 2020), and reduced control 
of invasive alien species may have resulted in these 
species expanding their range (evidence from land, 
Manenti et  al. 2020), with important consequences 
on biodiversity. While we recognise the disruptive 
effects of COVID-19 on individuals, society and the 
environment, we also believe that the pandemic has 
prompted some positive changes. For example, it has 
led society to reconsider values and priorities and 
to discuss alternative economic models that would 
result in improved societal and environmental out-
comes (Cohen 2020). Most importantly, COVID-19 
has highlighted the strong link between humans and 
nature and has demonstrated that large-scale societal 
changes have the potential to reduce human impacts 
and benefit biodiversity conservation (Bates et  al. 
2020). Such benefits include, for example, cleaner 
air and cleaner and quieter water (Thomson and Bar-
clay 2020), and increased breeding success for some 
threatened species due to reduced exploitation dur-
ing lockdown (Bates et al. 2020; Manenti et al. 2020). 
Regardless of the negative or positive nature of its 
consequences, COVID-19 has created momentum to 
catalyse societal consent and undertake actions that 
will place us on a trajectory towards a more sustaina-
ble future. Capitalising on this ephemeral momentum 
is an opportunity we cannot afford to miss.

Conclusions

Our global dependence on marine resources and eco-
system services has resulted in the severe degradation 
of many systems. These impacts are exacerbated by 
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climate change, which is now the long-term driver 
with the greatest impact on marine ecosystems and 
biodiversity. However, there are still many oppor-
tunities to mitigate cumulative, more immediate 
impacts in our oceans, with the critical need to pro-
tect and maintain biodiversity and ecosystem function 
broadly recognised. Conservation programs tend to 
fail because they do not consider social dimensions of 
conservation (Bennett et al. 2017). These human ele-
ments need to be a core focus for improving conser-
vation success, but the question is how to do ‘human-
centred’ conservation in a way that ultimately still 
prioritises biodiversity and ecosystems. This paper is 
a step in that direction.

We highlight four key drivers of change: finan-
cial mechanisms; sectoral stewardship; management 
and governance; and social impetus for safeguarding 
marine ecosystems. Importantly, we highlight how 
considering the interrelationships between these driv-
ers can identify concrete actions for forming a path-
way to a more sustainable future. Furthermore, we 
outline the key factors that determine the capacity for 
societies to address the drivers.

While individual methods for communication of 
up-to-date information pertinent to conservation of 
biodiversity and ecosystems, such as environmen-
tal dashboards, or computer and smartphone appli-
cations, currently exist and their use is expanding, 
centralised communication frameworks that act as 
synapses linking multiple systems and communities 
across the globe remain aspirational. Such global 
communication systems would further enhance the 
clear approach outlined in this paper of incorporating 
local awareness and knowledge into providing solu-
tions to global scale problems. We highlight how this 
localised approach allows global issues to be tack-
led at more tractable scales that create a feeling that 
change is indeed achievable.

We have articulated an optimistic, sustainable 
future for global oceans with respect to the conser-
vation of marine biodiversity and ecosystems and 
importantly, we have outlined how such a future is 
technically feasible by 2030. This future would go a 
long way to achieving the UN SDG 14 ‘Life Below 
Water’ Target 14.2 ‘Protect and Restore Ecosys-
tems’. It should be noted, however, that this target 
has one indicator: The proportion of national exclu-
sive economic zones managed using ecosystem-
based approaches. As over fifty percent of the world’s 

oceans constitute the high seas (FAO 2020), which 
are not addressed within SDG 14.2, we purport that 
in order to more fully achieve a sustainable future for 
global oceans, mechanisms to develop dynamic eco-
system-based management in the high seas must be 
included in this future.
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