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“Ah la belle chose, que de savoir quelque chose !” 
(Ah! What a fine thing it is to know something!) 

  
Molière (1670) 



 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 3 

ABSTRACT 
 
 
 
 
 
 
Humans have become a dominant force of planetary change. This epoch, referred 
to as the Anthropocene, implies profound alterations to the Earth’s marine and 
terrestrial ecosystems upon which so many people depend. In particular, the 
prospect of a new era of blue growth poses unprecedented sustainability and 
governance challenges for the ocean, as marine ecosystems face cumulative 
pressures from local human impacts, global climate change and distal 
socioeconomic drivers. Exploring what the Anthropocene means for the ocean and 
its capacity to support human societies in a sustainable and equitable way 
represents a critical challenge. 
 
This thesis consists of five papers and relies on a mixed-methods approach that 
includes quantitative and qualitative analyses, transdisciplinary practices, literature 
reviews and knowledge syntheses. Paper I looks at the relative influence of 
anthropogenic and biophysical interactions in explaining the occurrence of 
multiple coral reef regimes across the Hawaiian archipelago. It highlights the 
nuances of what underpins different regimes and how a reef’s natural setting may 
either limit or favour successful management interventions. Paper II synthesises 
the diversity of ocean claims, reviews their impacts, and describes their trajectory 
as the blue acceleration – a new phase in humanity’s use of the ocean that exhibits 
a phenomenal rate of change over the last 30 years. Paper III builds on the 
identification of the world’s largest seafood corporations and reports on a global 
experiment to test whether these companies have an interest and ability to take on 
a leadership role for ocean stewardship. The study shows that scientists can play a 
critical role in this process by linking knowledge to action. Paper IV investigates 
how finance can promote seafood sustainability. It identifies where different 
financial mechanisms are most salient along a seafood firm’s development 
trajectory and discusses three leverage points that could redirect capital towards 
more sustainable practices: bank loans, stock exchange listing rules, and 
shareholder activism. Paper V introduces the global production ecosystem (GPE) 
as a framework that integrates multiple sectors across land and sea to explore the 
cumulative transformation of the Earth’s biosphere. It shows that the GPE is 
characterised by hyper-connectivity, global homogenisation and weak feedbacks, 
which erode resilience and create conditions for new risks to emerge and interact. 
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Collectively, the five papers suggest that the Anthropocene ocean may be as much 
about upwelling and parrotfish grazing as it is about bank loans and intensified crop 
monocultures. The thesis provides novel conceptual and mechanistic ways to link 
ecosystems to their distal socioeconomic drivers and offers a useful contribution to 
both academic and policy discussions on how to approach ocean sustainability in 
the 21st century. 
 
Keywords: Anthropocene; Coral reef; Finance; Globalisation; Ocean; Resilience; 
Seafood; Social-ecological system; Sustainability; Transdisciplinarity; 
Transnational corporation 
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SAMMANFATTNING 
 
 
 
 
 
 
Antropocen beskriver den nya tidsepok där människan blivit den dominerande 
kraften bakom de planetära förändringar vi ser idag. I takt med att resurserna på 
land krymper spelar de marina ekosystemen en allt viktigare roll för den globala 
utvecklingen, vilket ofta diskuteras i termer av ’blå tillväxt’. Samtidigt står haven 
kanske inför den största utmaningen någonsin i form av bland annat 
klimatförändring och lokal miljöpåverkan. Socio-ekonomiska drivkrafter utgör ett 
hot – men även en möjlighet – för en mer hållbar framtid. Att förstå vad antropocen 
innebär för haven och att utforska hur haven i sin tur kan bidra till en mer hållbar 
och rättvis global utveckling, utgör en viktig och brådskande utmaning.  
 
Den här avhandlingen består av fem artiklar som på olika sätt, både kvantitativt och 
kvalitativt, studerar de globala utmaningar haven står inför. Artikel I undersöker 
vilken roll mänskliga och biofysiska interaktioner spelar för de olika jämviktslägen 
(ekosystemregimer) korallreven i den Hawaiianska arkipelagen befinner sig i. 
Artikeln belyser hur varierande biofysiska förutsättningar skapar möjligheter för 
olika jämviktslägen, och hur dessa förutsättningar kan förhindra eller underlätta för 
olika åtgärder i strävan mot mer livskraftiga korallrev. Artikel II beskriver 
mångfalden och trenderna av de globala anspråk som görs på haven, och 
sammanställer de effekter detta har på de marina ekosystemen. Studien visar hur 
de ökande anspråken på haven har accelererat under de senaste 50 åren, och hur 
haven i allt större utsträckning ses som motorn som ska tillgodose människans 
framtida behov. Detta beskrivs i artikeln som ”den blå accelerationen”. Artikel III är 
ett världsomspännande experiment som undersöker viljan och förmågan hos 
världens största företag inom fiskerinäringen, att ta en ledande roll i en hållbar 
förvaltning av haven. Studien visar tydligt den viktiga rollen forskare kan ha för att 
länka kunskap till handling. Artikel IV undersöker hur finanssektorn kan främja en 
mer hållbar fisk- och skaldjurssektor. Studien identifierar tre viktiga finansiella 
mekanismer som skulle kunna användas som en hävstång för att omdirigera 
investeringar och kapital mot ökad hållbarhet: utformningen av banklån, regler för 
börsnotering och genom delägares rösträtt. Artikel V introducerar begreppet ’det 
globala produktionsekosystemet’ för att undersöka konsekvenserna av den 
mänskliga förändringen av biosfären. Artikeln visar att det globala 
produktionsekosystemet, som integrerar många olika sektorer, är starkt 
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sammankopplat, globalt homogeniserat, karaktäriseras av svaga 
återkopplingsmekanismer, och att detta underminerar resiliensen i systemet och 
skapar förutsättningar för spridning av nya risker. 
 
Tillsammans visar de fem artiklarna att haven av idag präglas lika mycket av 
banklån och ett alltför intensivt och ensidigt jordbruk som av papegojfiskars 
beteende och havsströmmar. Avhandlingen föreslår ett nytt konceptuellt och 
praktiskt ramverk för att studera diffusa och ofta avlägsna socio-ekonomiska 
drivkrafters påverkan på lokala ekosystem. På så sätt bidrar den till att öka 
förståelsen för hur såväl forskning som förvaltning på ett bättre sätt kan närma sig 
en mer hållbar framtid för våra hav.   
 
Nyckelord: Antropocen; Korallrev; Finanssektorn; Globalisering; Hav; Resiliens; 
Fisk- och skaldjur; Social-ekologiskt system; Hållbarhet; Tvärvetenskap; 
Transnationella företag 
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RÉSUMÉ 
 
 
 
 
 
 
Nous vivons dans l’Anthropocène. Une nouvelle époque caractérisée par 
l’avènement de l’espèce humaine comme principale force de changement sur Terre 
et marquée par de profondes modifications des écosystèmes marins et terrestres 
dont dépendent nos sociétés. En particulier, la perspective d'une nouvelle ère de 
« croissance bleue » présente des défis sans précédent en matière de développement 
durable et de gouvernance de l’océan. Alors que les écosystèmes marins sont 
soumis à une pression toujours plus forte des activités humaines, du changement 
climatique et de l’économie mondiale, explorer ce que l'Anthropocène signifie pour 
l'océan et sa capacité à subvenir aux besoins de la société de manière durable et 
équitable représente un défi considérable. 
 
Cette thèse contient cinq articles et repose sur une méthodologie variée 
comprenant des analyses quantitatives et qualitatives, des pratiques 
transdisciplinaires, des recherches documentaires et des synthèses de 
connaissances. L’Article I examine l'influence relative des interactions 
anthropiques et biophysiques sur l’état des récifs coralliens dans l'archipel d'Hawaï. 
Il met en évidence ce qui explique différents régimes de coraux et indique comment 
les conditions naturelles d’un récif peuvent limiter ou favoriser une gestion réussie. 
L’Article II synthétise la diversité des ambitions concernant l’océan, passe en revue 
leurs impacts, et décrit leur trajectoire commune sous le nom « d’accélération 
bleue » – une nouvelle ère dans l’utilisation anthropique de l’océan qui présente une 
croissance phénoménale au cours des 50 dernières années. L’Article III s'appuie sur 
l'identification des plus grandes entreprises mondiales de pêche et d’aquaculture et 
décrit le projet visant à évaluer si ces entreprises ont un intérêt et une capacité à 
assumer un rôle de leader en matière de gestion durable des ressources marines. 
L'étude montre que les scientifiques peuvent et doivent jouer un rôle crucial dans 
ce processus en liant le savoir à l'action. L’Article IV examine comment le monde 
de la finance peut promouvoir une industrie halieutique durable. Il identifie les 
mécanismes financiers les plus importants pour le développement d’une entreprise 
de pêche et aborde trois leviers qui pourraient rediriger les capitaux vers des 
pratiques plus durables : prêts bancaires, règles de cotation et activisme des 
actionnaires. L’Article V présente l’écosystème de production global (EPG) comme 
un concept intégrant de multiples secteurs terrestres et maritimes afin d’explorer 
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les transformations planétaires que l’activité humaine engendre. Il montre que 
l’EPG est caractérisé entre autres par une hyper-connectivité et une 
homogénéisation globale qui réduisent sa résilience et créent des conditions 
propices à l'émergence de nouveaux risques interconnectés.  
 
Dans leur ensemble, les cinq articles suggèrent que comprendre l’océan 
anthropocène requiert une vision globale, incluant aussi bien les courants 
océaniques et poissons-perroquets, que les prêts bancaires et cultures céréalières. 
La thèse fournit de nouvelles approches conceptuelles et analytiques pour relier les 
écosystèmes à leurs déterminants socio-économiques et, ce faisant, apporte une 
contribution utile aux discussions non seulement académiques, mais aussi 
politiques, sur la manière d'aborder la durabilité de l’océan au XXIème siècle. 
 
Mots-clés : Anthropocène ; Récif de corail ; Secteur financier ; Mondialisation ; 
Océan ; Résilience ; Industrie halieutique ; Système socio-écologique ; 
Développement durable ; Transdisciplinarité ; Entreprise mondiale 
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INTRODUCTION 
 
 
 
 
 
 
We live in an epoch, the Anthropocene, where humans have become a dominant 
force of planetary change (Steffen et al. 2007, 2011). Regardless of whether it is 
formalised in a strict geological sense (Lewis and Maslin 2015, Waters et al. 2016), 
the Anthropocene provides a fascinating analytical framework to explore 
sustainability in the intertwined global social-ecological system (Brondizio et al. 
2016, Folke et al. 2016, Donges et al. 2017). In this new age, people, places, cultures 
and economies are becoming increasingly connected across geographical 
locations, sectors and socioeconomic contexts (Adger et al. 2009; Cumming 2016). 
Actions taken in seemingly independent places affect interlinked distant systems 
in unexpected ways (Adger et al. 2009, Liu et al. 2013, Norström et al. 2016) and the 
global scale sees the emergence of inherent dynamics that are not captured by the 
simple aggregation of local patterns (Khoury et al. 2014, Österblom et al. 2016b). 
Overall, the Anthropocene implies profound alterations to the Earth’s ecosystems, 
including marine and terrestrial ecosystems upon which so many people depend 
(Steffen et al. 2015, Williams et al. 2015b). Exploring what this new reality means for 
the ocean and its capacity to support human societies in a sustainable and equitable 
way represents a critical challenge. 
 
Resilience and regime shifts 
Resilience – that is, the capacity of a system to cope with, adapt to, and transform 
away from unsustainable social-ecological trajectories – has been suggested as a 
unifying conceptual framework that could assist in developing paths towards 
sustainability (Folke et al. 2002, Berkes et al. 2008, Biggs et al. 2012, Folke 2016). It 
recognises that systems are complex (Levin 1998) and may possess multiple 
alternative states between which the system can shift in a rapid or smooth fashion 
(Scheffer et al. 2001). A key concept associated with resilience thinking and complex 
adaptive systems is the one of ‘regime shifts’ that occur due to a loss of resilience 
and can lead to abrupt changes in ecosystem structure, function and benefits to 
people once a threshold is passed (i.e. tipping point) (Scheffer and Carpenter 2003, 
Rocha et al. 2015a, Hicks et al. 2016). Such major shifts can be hard to anticipate and 
tend to be difficult or costly to reverse due to strong reinforcing biophysical and 
socioeconomic feedback mechanisms (Scheffer 2009, Nyström et al. 2012, Selkoe et 
al. 2015).  
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The ball-in-cup analogy outlined in Figure 1 illustrates how a regime shift may 
happen either because the ball (i.e., the system) is set in motion by external 
disturbances, or because erosion of internal parameters governing the system 
causes the landscape itself to change, resulting in movement of the ball (Beisner et 
al. 2003). As resilience erodes, less force is required for the system to shift (Van Nes 
and Scheffer 2004).  
	
	
	

	

	

	

	

	

	

	

	

	

	

	

	

Evidence of regimes shifts has accrued over the last decades (Scheffer et al. 2001, 
Scheffer 2009) with a growing number of marine systems undergoing dramatic 
changes in their structure and associated ecosystem services (Conversi et al. 2015, 
Rocha et al. 2015b, 2018). Concerns have also been raised that humanity’s influence 
on the Earth system is so widespread that it may alter global resilience and instigate 
planetary-scale systemic shifts (Lenton 2011, Barnosky et al. 2012, Hughes et al. 2013, 
Steffen et al. 2018). 

Figure 1. Regime shifts. The two-dimensional ball-in-cup diagrams illustrate ways by which 
exogenous forces (a) and changes in endogenous system properties (b) can lead to 
regime shifts. Alternative states of the system are represented by a surface or landscape, 
with the actual state of the system as a ball residing on this surface. The ball moves from 
one basin to the other either by setting the ball in motion (as a result of external 
perturbations) or by altering the landscape upon which it sits (as a result of changes in 
internal properties). Adapted from Beisner et al. 2003. 

?

a Exogenous forces b Endogenous properties
Loss of species diversity
Habitat fragmentation
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Coral reefs 
Coral reefs represent perhaps one of the most studied ecosystems with regard to 
regime shift dynamics. It is also one that increasingly embodies the urgency of 
climate change and the need for improved governance (Schellnhuber et al. 2016, 
Morrison et al. 2019). Although the archetypical example involves a transition from 
coral dominance to a macroalgae-dominated reef (Done 1992, Hughes 1994), 
scholars have suggested a more diverse set of benthic alternative regimes 
(Norström et al. 2009, Jouffray et al. 2015, van de Leemput et al. 2016). In parallel, a 
discussion has emerged around what should define a coral reef regime and the need 
for including the fish community as an integral component of it to capture the 
interdependence between fish assemblages and benthic organisms (Donovan et al. 
2018). 
 
Adding to the long legacy of studies investigating what drivers may cause regime 
shifts in coral reefs (Hughes et al. 2003, Bellwood et al. 2004, Graham et al. 2015), 
recent papers have also pointed out the multi-causality of reef regimes (Jouffray et 
al. 2015) and potential effects of interacting stressors (Darling et al. 2010, Ban et al. 
2014, Côté et al. 2016). Importantly, while reefs are bound by the natural biophysical 
environment within which they exist, such as gradients in wave energy, primary 
production and seawater temperature (Gove et al. 2013, Heenan et al. 2016), human 
impacts are increasingly pushing these environmental boundaries and limiting our 
capacity to predict and manage coral reefs dynamics effectively (Williams et al. 
2015a, 2019). This raises the critical question of the relative influence of 
anthropogenic versus biophysical forcings and how these may limit or favour 
successful management interventions (Williams et al. 2019) 
 
Ultimately, ensuring sustainable marine ecosystems in the future hinges on 
understanding not only the local but also increasingly global and cross-scale drivers 
of change, such as trade, human migration and finance (Kittinger et al. 2012, 
Norström et al. 2016, Österblom et al. 2016a). As ecosystems increasingly reflect 
such rapid human-induced, socioeconomic and cultural selection rather than being 
a product of their surrounding natural biophysical setting (Figure 2), it becomes 
ever more important to fathom the new global ocean context – that is, the 
Anthropocene ocean. 
 
The Anthropocene ocean 
From the provision of food and early trade routes to globalisation and the promise 
of deep-sea mining, the ocean has been of paramount importance for the 
development of human civilisation. Today more than ever, the prospect of a new era 
of ‘blue growth’ is finding its way into policy documents and depicting the marine  
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realm as the next economic frontier (Ramirez-Llodra et al. 2011, Silver et al. 2015, 
OECD 2016).	 Driven by population growth, current economic paradigms and 
prevailing consumption patterns, many renewable and non-renewable land-based 
resources have passed their year of maximum appropriation rate (Seppelt et al. 
2014). Humans have already altered more than 75% of the world’s terrestrial habitats 
(Ellis 2011) and nearly 40% of all productive land has been converted into crop and 
pasture areas (Foley et al. 2011). Hence, further land conversion and land 
redistribution are dwindling as options to meet projected global demand (Lambin 
and Meyfroidt 2011). In parallel, substantial technological progress and lower 
extraction costs now offer opportunities to exploit marine resources that previously 
were inaccessible. As a consequence, attention is rapidly shifting towards the ocean 
as an engine for sustaining present and future human needs, which results in 
considerable investments and the emergence of new ocean-based industries with a 
diversity of interests (e.g., food, mineral, energy, tourism, conservation, transport, 
biotechnology) (OECD 2016). With two-thirds of the ocean lying beyond national 
jurisdiction, this poses great governance challenges (Merrie et al. 2014, Campbell et 
al. 2016, Golden et al. 2017) and calls for a rapid transformation towards improved 
sustainability, as marine ecosystems worldwide face unprecedented cumulative 
pressures from local human impacts, global climate change and distal 
socioeconomic drivers (McCauley et al. 2015, Halpern et al. 2019, IPCC 2019).	
 

Figure 2. Coral reefs in the Anthropocene. The figure displays biophysical (blue) and 
anthropogenic (red) drivers of coral reef ecosystems pre-Anthropocene (left) versus today 
(right). Many coral reefs now are impacted by local human drivers, such as commercial 
and recreational fishing, tourism, and effluent discharge, which are themselves ultimately 
dictated by a complex network of underlying distal socioeconomic and cultural drivers. 
Reproduced from Williams et al. 2019. 
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Seafood 
One of the ocean sectors that best illustrates these challenges is seafood. 
Historically, the seas have been an important source of food for coastal 
communities through the provision of fish, shellfish, mammals, seabirds and 
seaweed. Since the 1960s, seafood has been the world’s fastest-growing food sector 
and fish has become one of the most traded food commodities (Thilsted et al. 2016, 
FAO 2018). In 2017, global fish production reached an all-time high of 173 million 
tonnes, supplying vital proteins and micronutrients to billions of people (Tacon and 
Metian 2013, Béné et al. 2016). Wild-capture volumes peaked around the late 1990s 
and have remained stagnant since then, despite fish being caught at greater depths 
(Morato et al. 2006) and farther distances (Watson et al. 2015). In contrast, the 
farming of aquatic organisms has dramatically increased over the past decades 
(Troell et al. 2014) and is expected to rapidly expand in coastal and offshore areas, 
once current limitations of aqua-feeds supply and regional socio-economic and 
technological capacity will be overcome (Gentry et al. 2017, Troell et al. 2017, Lester 
et al. 2018, Oyinlola et al. 2018).  
 
Although seafood is one of the only sources of animal protein, depending on which 
species and how it is produced (Troell et al. 2019), for which further growth in global 
consumption is deemed possible within environmental limits (Willett et al. 2019), 
today’s production suffers from a number of sustainability challenges, including 
overexploitation of resources (FAO 2018), habitat destruction (Halpern et al. 2008), 
illegal, unreported and unregulated fishing (Agnew et al. 2009, Flothmann et al. 
2010), limited transparency (Miller and Mariani 2010, Pramod et al. 2014), overuse 
of antibiotics (Romero et al. 2012, Henriksson et al. 2018) and forced labour 
(Nakamura et al. 2018, Teh et al. 2019). Making sure that seafood is both socially and 
environmentally sustainable has therefore become a key concern for governments, 
industry and civil society organisations alike (Smith et al. 2010, Krause et al. 2015, 
Kittinger et al. 2017). 
 
In this respect, academic efforts have traditionally focused on governance, 
including right-based management and ecosystem approaches to fisheries and 
aquaculture (e.g., Garcia 2010, Hilborn and Ovando 2014, Costello et al. 2016, 
Brugère et al. 2019) or the role of consumers and market-based mechanisms, such 
as certification schemes (e.g., Jacquet et al. 2010, Gutiérrez et al. 2012, Jonell et al. 
2019). A substantial amount of work has also focused on small-scale fisheries (e.g., 
Allison and Ellis 2001, Andrew et al. 2007, FAO 2015) but less is known about the 
role of the private sector, including large seafood corporations and their financiers. 
In line with a recent call to reframe the sustainable seafood narrative by considering 
the whole value chain and integrating seafood within a broader global food system 
framework (Tlusty et al. 2019), exploring the role of corporations and finance in 
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seafood sustainability represents promising approaches to complement efforts that 
focus on consumption and public policy. 
 
Transnational corporations 
A central feature of the Anthropocene is the emergence of a small number of large 
transnational corporations that operate across entire supply chains and have a 
major influence on the world’s ocean, atmosphere, and terrestrial biomes (Figure 3). 
Facilitated by the internationalisation of trade and finance during the post-war era, 
globalisation has increased the economic power of multinational companies in 
relation to national governments (Dicken 2011) and led to the emergence of 
vertically integrated corporations that operate across diverse sectors, markets and 
geographies to source, store, trade, process and distribute global commodities. Such 
integration allows a few companies to dominate all segments of production, control 
the whole supply chain and have a disproportionate influence on decision-making 
(Clapp and Fuchs 2009, Murphy et al. 2012, Österblom et al. 2015, IPES Food 2017). 
 
Industry consolidation, through mergers and acquisitions of competitors, is a well-
known and predictable aspect of economic development (Sheth and Sisodia 2002, 
Gereffi 2014), but the speed and scale at which these companies operate, and the 
connectivity they galvanise across the world are unprecedented in history (Folke et 
al. 2019). Inspired by the ecological concept of keystone species (i.e., species with a 
disproportionate influence on the structure and function of their ecosystem), 
Österblom et al. (2015) identified ‘keystone actors’ in marine ecosystems as 
companies that: (1) dominate global production volumes and revenues, (2) control 
globally relevant segments of production, (3) connect ecosystems globally through 
subsidiaries, and (4) influence global governance processes and institutions. The 
authors further hypothesised that, given their influence, sustainable leadership by 
these global actors could result in cascading effects throughout the entire seafood 
industry and enable a critical transition towards improved management and best 
practices. 
	
While voluntary company commitments can translate into improvements (Potoski 
and Prakash 2005) and the potential to leverage the private sector alongside public 
governance for achieving global sustainability is promising (Barbier et al. 2018), 
concerns have been raised about industry dominance in relation to the environment 
(Dauvergne and Lister 2012, 2013, Clapp 2018). Scepticism towards businesses as 
sustainability leaders also remains given two decades of relative ineffectiveness of 
corporate social responsibility (Potoski and Prakash 2013, Dauvergne 2018, 
Thorlakson et al. 2018). In a recent study about transnational corporations and the 
challenge of biosphere stewardship, Folke et al. (2019) discuss under which 
conditions large corporations could either hinder or promote a global shift towards 
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sustainability. Among other things, they highlight the importance of scientists as 
knowledge brokers to ensure that companies’ sustainability agendas are evidence-
based and they point out the role of finance in redirecting capital away from 
unsustainable practices (Folke et al. 2019).	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Earth in the hands of a few. The figure is adapted from Folke et al. 2019 and 
illustrates consolidation in various industries impacting the biosphere. The percentages 
represent levels of concentration measured, for example, as the proportion of profits or 
sales, market share, exports, production, trade volumes or access to resource reserves. The 
consolidation described here is assumed to be associated with an ability to influence 
standards, practice and norms in the respective industry in relation to the capacity to 
influence the biosphere. See Folke et al. 2019 for details on each estimate and source 
material. 
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Finance  
Tightly linked to how transnational corporations operate, and how to influence 
them, is the question of their financiers. Financial markets have long been 
associated with social, political and economic challenges (Centeno et al. 2015), but 
the intensification of investments in natural assets have begun to raise concerns 
about what role an expanding global financial sector plays in shaping the 
environment (Galaz et al. 2015, 2018b, 2018a, Knuth 2015). Financialisation – defined 
as the increasing importance of financial markets, motives, institutions and elites 
in the operation of the economy and its governing institutions, both at the national 
and international level (Epstein 2005) – has been suggested as a rapidly emerging 
mechanism that can pave the way to new forms of volatility and crises (Clapp 2014, 
Thomson and Dutta 2016, Clapp and Isakson 2018). The topic has largely been 
studied in relation to the agrifood sector (Isakson 2014, Borras et al. 2016, Clapp and 
Isakson 2018), but how this may play out for marine ecosystems has received limited 
attention. Yet, in a context of food security within environmental limits arising as 
one of the greatest challenges of the 21st century (Willett et al. 2019), and given the 
projected growth of seafood markets, opportunities to invest in fisheries and 
aquaculture are flourishing (Seaman et al. 2017). To what extent this situation will 
result in greater impacts on the ecosystem or instead will provide leverages for 
sustainability remains unclear. 
 
The rhetoric of green (or blue) finance is increasingly gaining traction, based on the 
recognition that ecological risks will translate into financial risks (McCarron 2017, 
Scholtens 2017, Thiele and Gerber 2017). Numerous green bonds and other impact 
investment tools have emerged in recent years, yet they represent only a small 
fraction of global financial flows. Likewise, the Principles for Responsible Banking 
launched in September 2019, show that the financial sector is waking up to its role 
in steering businesses towards sustainability, but operationalising the six principles 
remains a hurdle. From an academic perspective, the fields of fisheries and 
sustainability science are still largely unconnected to work on finance and banking. 
Bridging this gap to provide a more comprehensive understanding of how 
traditional financial services intersects with the seafood industry represents an 
urgent need if finance is to become truly green. 
 
The intertwined global social-ecological system 
Ultimately, what happens in the ocean does not stay in the ocean and what happens 
on land does not stay on land. The Earth has become a globally interconnected 
system of people and nature, with humans embedded in the biosphere and a major 
force affecting global patterns of social-ecological change (Folke et al. 2011). This 
new reality has called for analytical approaches that integrate various components 
of coupled human and natural systems (Folke et al. 2016). Recent advances include 
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the development and quantification of frameworks that incorporate multiple 
ecosystem services (Bennett et al. 2009), different footprints (Hoekstra and 
Wiedmann 2014), planetary boundaries (Rockström et al. 2009), human-nature 
interconnections (e.g. energy-food, water-food, health-food, health-water nexuses) 
(Liu et al. 2015, Gephart et al. 2017, Hallström et al. 2019), human appropriation of 
net primary production (Imhoff et al. 2004), telecoupling (Adger et al. 2009, Liu et 
al. 2015, Keys et al. 2016) and connected risks (Helbing 2013, Centeno et al. 2015, 
Homer-Dixon et al. 2015, Keys et al. 2019).  These integrated frameworks have led to 
fundamental discoveries but are generally studied and applied in isolation. 
Likewise, solutions proposed to increase the sustainability of agriculture, 
aquaculture and capture fisheries have typically approached development from 
single sector perspectives (Cottrell et al. 2017). A more holistic view of cross-sector 
interactions and dependencies across land and sea is thus needed to address the 
risks and opportunities of a globally interconnected ocean. 
 
 
With this introduction in mind, the thesis explores the two following overarching 
research questions, that essentially underlie all papers: 
 
1/ What does the Anthropocene mean for the ocean – and vice versa? 
 
2/ What can be done to improve sustainability? 
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SCOPE OF THE THESIS 
 
 
 
 
 
 
The thesis is grounded in the recognition that we live in the Anthropocene. This 
implies that not only have humans become a dominant force of planetary change – 
which could be for the better, unlike our past and present trajectory – but also that 
changes in ecosystem dynamics are influenced by proximate interactions 
increasingly embedded into a much broader and distal socio-economic context 
(Österblom et al. 2016a). Using a social-ecological lens that recognises human 
societies as part of the biosphere (Folke et al. 2016), and anchored in sustainability 
science that is problem-driven and action-orientated (Kates et al. 2001, Clark and 
Dickson 2003, Lang et al. 2012), the overall ambition of the PhD is to unpack the 
risks and opportunities of the Anthropocene ocean and identify concrete leverage 
points for improved sustainability. 
 
The thesis includes five papers, spanning a wide range of scales, questions and 
topics (Table 1). Emerging from studies on coral reefs before moving up to describe 
the new reality of the Anthropocene ocean and explore the role of large corporations 
and finance within the global production ecosystem, the PhD thesis is best overall 
captured by the figure from Österblom et al. (2016a) that describes marine 
ecosystem science on an intertwined planet (Figure 4). 
 
Paper I focuses on one of the most iconic marine ecosystems, coral reefs, and looks 
at the relative influence of proximate anthropogenic and biophysical interactions 
in explaining the occurrence of distinct reef regimes across the Hawaiian 
archipelago. Paper II acknowledges coral reefs as one ecosystem among many in a 
global marine realm increasingly under human pressure. It describes the new reality 
of the Anthropocene ocean and synthesises the multiple and intensifying claims 
being made – framed as a race for ocean food, material and space. Paper III focuses 
on who is racing in the context of seafood. It builds on the identification of large 
transnational corporations with a disproportionate influence on marine ecosystems 
(Österblom et al. 2015) and reports on the subsequent emergence of a co-produced 
initiative between science and business for ocean stewardship. Paper IV explores 
who and what is financing these corporations, and whether there could be leverage 
points in the financial sector for seafood sustainability. Finally, Paper V recognises 
that the ocean is ultimately part of a global production ecosystem and that steering 
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it towards a more sustainable trajectory also requires understanding what happens 
on land. It describes the anatomy of the global production ecosystem through the 
lens of connectivity, diversity and feedback, discusses what this anatomy implies 
for the resilience and stability of the system, and uses findings from Paper III and 
IV to propose relevant transformative pathways towards improved sustainability. 
 
  
 
 
 
 
	

	

	

	

	

	

	

	
	
While, at first glance, it might look peculiar to have a study on coral reefs in the 
Hawaiian archipelago alongside one looking at the role of finance for seafood 
sustainability, it is part of the assumed ambition of the PhD: recognising, describing 
and analysing the complexity of the Anthropocene ocean. As such, the thesis also 
testifies of a transdisciplinary scientific journey, from ecology to sustainability, 
through which I seek to define new research frontiers and address pressing 
challenges. 
 
 

Figure 4. Scope of the thesis. Papers included in the thesis are framed within a global 
marine social-ecological system perspective. The figure is adapted from Österblom et al. 
2016 and depicts how changes in marine ecosystem dynamics are influenced by proximate 
anthropogenic activities and human-induced biophysical change, both embedded in a 
much broader and distal socioeconomic context. 
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Table 1. Overview of the different papers included in the thesis. 
	

	

	

	

	

	
 
 
 

 Title Research question Methods Scale 

Paper I Parsing human 
and biophysical 
drivers of coral 
reef regimes 

What is the relative 
influence of human and 
environmental stressors 
in driving the 
occurrence of distinct 
coral reef regimes? 

Explanatory 
modelling using 
boosted regression 
trees 

Regional 

Paper II The blue 
acceleration 

What are the claims 
shaping the new global 
ocean context and their 
trends over time? 

Data collection, 
literature review and 
synthesis 

Global 

Paper III Emergence of a 
global science-
business initiative 
for ocean 
stewardship 

Can the world’s largest 
seafood corporations 
take on a leadership 
role for ocean 
stewardship? 

Transdisciplinary 
research approaches 
and network analysis 

Global 

Paper IV Leverage points in 
the financial 
sector for seafood 
sustainability 

Are there leverage 
points in traditional 
financial mechanisms 
for finance to promote 
seafood sustainability? 

Content analysis of 
seafood media 
literature, descriptive 
statistics and network 
analysis of 
shareholder 
ownership 

Global 

Paper V Anatomy and 
resilience of the 
global production 
ecosystem 

What does the 
aggregated 
transformation of 
Earth’s biomes means 
for the anatomy and 
resilience of the global 
production ecosystem? 

Literature review and 
synthesis 

Global 
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METHODS 
 
 
 
 
 
 
As a whole, the thesis relies on a mixed-methods approach. The papers differ in their 
scales of analysis, reliance on empirical data, and array of methods used. Paper I 
focuses on the Hawaiian archipelago and hinges on an extensive dataset of more 
than 600 survey sites to model the occurrence of multiple reef regimes in relation 
to 20 human and biophysical variables. Paper II uses temporal data and case 
descriptions to describe the new global ocean context and synthesise the 
trajectories of 18 ocean claims. Paper III applies transdisciplinary research 
approaches and reports on the subsequent emergence of a co-produced global 
science-business initiative. Paper IV combines content analysis of seafood media 
literature with descriptive statistics of shareholder ownership to investigate the 
potential role of finance in global seafood sustainability. Paper V draws on a 
comprehensive review of multiple research fields to introduce a global conceptual 
framework and explore the cumulative transformation of the Earth’s biosphere. 
 
Overall, the thesis reflects a diverse toolbox of data collection efforts, quantitative 
and qualitative analyses, transdisciplinary practices, literature reviews and 
knowledge syntheses. Below I outline in more detail some of its methodological 
cornerstones. 
 
The pursuit of data (Paper I-IV) 
A common thread throughout my PhD has been the time and effort dedicated to the 
collection of data. Paradoxically, and owing to the global scale of most analyses, 
none of the papers relied on me doing actual fieldwork for obtaining data. Instead, 
most of them happened through international collaborations, literature surveys, 
desktop work and online searches. The dataset compiled for Paper I, for example, 
was the result of years of cooperation with an extensive network of collaborators, 
including researchers from the National Oceanic and Atmospheric Administration, 
Hawaii University and Center for Ocean Solutions at Stanford University, to 
compile data on both fish and benthic assemblages across more that 600 reef sites, 
as well as 20 biophysical and anthropogenic predictor variables. I would not have 
been able to gather this amount of data on my own. 
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Paper II involved a long iterative identification of ocean claims and their trends 
over time using a snowball sampling methodology based on reviews of relevant 
academic and grey literature, consultations with interdisciplinary marine experts at 
scientific workshops and conferences, and engagements with ocean policymakers, 
environmental NGOs and actors from the private sector. Collecting data for the 
different ocean claims required hundreds of emails and dozens of phone calls to 
hone in on the right people having the right data. In several cases, I reached out to 
industry associations or companies through social media platforms (e.g., Twitter 
and Facebook), which often proved to be a quicker and more successful way to 
communicate than through traditional channels. 
 
Likewise, Paper III built on empirical data collected from multiple sources of 
information over a period of two years to identify the world’s largest seafood 
companies, what species they were catching or producing, from where, how they 
impacted marine ecosystems, and how much influence they had in governance 
processes (Österblom et al. 2015). We studied the companies’ web pages, annual 
reports and presentations to investors, engaged in direct correspondence with 
company representatives, subscribed to seafood media (e.g., IntraFish, 
Undercurrent News, Minato-Tsukiji) and communicated with international 
organisations such as the Food and Agriculture Organization of the United Nations, 
the Organisation for Economic Co-operation and Development, the Commission 
for the Conservation of Antarctic Marine Living Resources, and the Marine 
Stewardship Council. We also reached out to fisheries management agencies (in 
Alaska, Chile, Namibia, Peru, UK), journalists (Argentina, UK), environmental 
NGOs (Hong Kong, Korea, New Zealand, Norway, Sweden) and scientists (Canada, 
Chile, France, Japan, Peru, Uruguay, USA) (Österblom et al. 2015). 
	
Paper IV posed two challenges from a data collection viewpoint. First, the financial 
sector is notorious for its opacity and lack of publicly and freely available data. 
Second, although a review of the finance literature can give an overview of general 
firm capitalisation mechanisms, the way they play out in the seafood industry and 
how each mechanism unfolds across a seafood firm’s development stages is not 
readily available in any reference material. Therefore, I used a mixed-methods 
approach combining content analysis of seafood media literature and descriptive 
statistics of shareholder data. The former was accessible through subscriptions to 
Fishing News International and Undercurrent News. The latter were obtained 
through a memorandum of understanding with the Fish Tracker Initiative, who had 
access to ownership data that otherwise were behind a paywall. 
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Big data and machine learning (Paper I) 
The first paper of the thesis builds on a series of studies focusing on multiple coral 
reef regimes and their drivers in the Hawaiian archipelago (Jouffray et al. 2015). 
Situated in the middle of the Pacific Ocean, the main Hawaiian Islands – the 
populated portion of the Hawaiian archipelago (Hawai‘i, USA) – consist of eight 
volcanic islands spanning gradients in both environmental conditions (Gove et al. 
2013) and human pressures (Friedlander et al. 2005). As such, it offers a unique 
opportunity to explore the relative influence of human versus natural drivers of 
coral reef ecosystems. From an analytical perspective, Paper I is the most 
sophisticated study in the thesis and represents the culmination of a trilogy of 
collaborative papers that aimed at (1) defining reef regimes using not only benthic 
components but also fish functional groups (Donovan et al. 2018), (2) compiling an 
unprecedented dataset of anthropogenic and environmental predictors (Wedding 
et al. 2018) and (3) quantifying the relative influence of predictors explaining the 
occurrence of each regime (Paper I). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Coral reefs in Kealakekua Bay (Hawai‘i, USA). Located on the South Kona coast of 
Hawai‘i, the bay is a marine life conservation district displaying spectacular coral reefs. 
Photo: Jean-Baptiste Jouffray. 
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While per cent cover of benthic organisms (e.g. hard coral, macroalgae, turf algae) 
is commonly used to measure reef condition (Bellwood et al. 2004, Jouffray et al. 
2015), it ignores fish communities and provides limited information about proximity 
to regime shift thresholds (McClanahan et al. 2011). On the contrary, most studies 
linking coral reef conditions to a social context have been using fish biomass as the 
sole indicator of resource availability and ecosystem functions, thereby 
disregarding habitat structure and benthic organisms (Cinner et al. 2009, 2016, 
Brewer et al. 2013). Importantly, changes in fish assemblages have been highlighted 
either as a driver of benthic regime shifts (Hughes et al. 2007) or as their direct 
consequence (Chong-Seng et al. 2012). Disentangling what drives what thus 
becomes problematic given the strong interdependence between fish and benthos 
on coral reefs. 
 
To address these limitations, we set out to define reef regimes that integrate both 
fish and benthic communities. This led to the categorisation of 620 reef sites into 
four distinct regimes that differ in their fish functional group biomass and benthic 
cover (Donovan et al. 2018). To explain the occurrence of these regimes, we then 
compiled a unique set of environmental (i.e., wave energy, natural productivity, 
irradiance, sea surface temperature) and anthropogenic (i.e., fishing catch, effluent 
discharge, sedimentation, habitat modification, invasive species) data layers across 
the Hawaiian Islands (Wedding et al. 2018). As the final piece of the puzzle, Paper I 
related the occurrence of each regime to these anthropogenic and biophysical 
variables. 
 
I used a machine learning approach known as boosted regression trees (BRTs) 
(Friedman 2001, Elith et al. 2008) to quantify the relative influence of each predictor, 
identify relationships between predictors and regimes, and characterise interaction 
patterns. BRTs represent an advance regression technique with many advantages: 
(1) it handles various type of response and predictor variables, including both 
continuous and categorical, (2) it accommodates missing values and has no need 
for prior data transformation or elimination of outliers, (3) it offers the possibility to 
fit non-linear relationships and (4) it models complex interactions in a simple form 
and provide insights on the relationship between the response and the predictors 
(Elith et al. 2008). Unlike normal regression trees, the use of boosting allows for 
good predictive performance and easier interpretation (De’ath 2007). 
 
Consequently, BRTs are increasingly used as an analytic tool in ecological and 
modelling studies (e.g., Buston and Elith 2011, Pinsky and Byler 2015, Aston et al. 
2019). With that in mind, I created a new open-access package in R (R Core Team 
2016), entitled ggBRT, to facilitate the interpretation and visualisation of BRTs. The 
package is available for download on GitHub and examples of each function are 
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presented in an online tutorial. A few days only after the paper’s publication, the 
package had gathered interest well beyond the coral reef community, from both 
marine and terrestrial researchers. While making data available is becoming 
standard practice, it is rarely done in an inclusive and appealing format. Since our 
data represented valuable resources not only to the research community but to 
other stakeholders as well, we made them available for anyone to use and explore 
interactively online (regimes, predictors), in addition to a more conventional 
repository that hosts the raw data and analysis scripts. 
 
Network analyses (Paper III and IV) 
Both Paper III and IV included the use of networks. For purists, it might seem a 
stretch to call them ‘network analyses’ since they were rather basic. Yet they served 
the purpose of visualisation and provided useful metrics of connectivity, such as 
network density (overall connectivity of the network measured as the proportion of 
actual connections relative to the total number possible) and minimum degree 
(smallest number of connections of any node). In Paper III, I used bipartite networks 
of companies and their membership in international seafood sustainability 
initiatives to illustrate the increasing network connectivity as a result of the 
establishment of the Seafood Business for Ocean Stewardship initiative (SeaBOS). 
In Paper IV, I conducted descriptive statistics of more than 3000 shareholders of 
160 publicly listed seafood firms and drew bipartite networks of companies and 
shareholders for different share values. Interactive versions of the networks, with 
the possibility to search for a given shareholder or company, are available online. 
 
Content analysis and ideal types (Paper IV) 
Paper IV relied on a mixed-methods approach combining content analysis, 
qualitative examples and descriptive statistics. The content analysis focused on two 
prominent media outlets specialised in seafood – Fishing News International and 
Undercurrent News – to provide an empirically grounded investigation of how the 
financial sector intersects with the seafood industry. The limited set of Fishing 
News International issues (n=84) constituted a comprehensive, yet small enough, 
sample to allow an exhaustive manual coding of all articles. On the basis of this 
review, a codebook with search terms was developed and subsequently applied to 
the independent set of Undercurrent News articles (n= 29 865) to narrow down the 
number of articles to be analysed in detail. The aim was to extract any reference 
made to financial mechanisms and actors within a seafood context. 
 
The output of the content analysis formed the basis for a synthetic analysis using 
the Weberian notion of ‘ideal types’ to classify firms according to their scale of 
operations and their ownership structure. The use of ideal types is a well-established 
method within qualitative sociology to scrutinise, classify, and define social reality. 
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Ideal types do not refer to perfect observable things, but rather to idea-constructs 
that help emphasise certain common attributes and can be said to best exemplify 
the phenomenon in focus (Cahnman 1965, Elliott 2009) – in this case, the interaction 
of finance with the seafood industry. This served as a useful heuristic for mapping 
where different financial mechanisms are most salient along a seafood firm’s 
development trajectory, and where sustainability leverage points may lie. 
 
Transdisciplinarity in practice (Paper III) 
Collaboration with actors outside of academia is a key facet of sustainability science 
to identify challenges and their solutions (Norström et al. in press, Kates et al. 2001). 
Paper III reports on our experience from a co-production process with the world’s 
largest seafood companies, following their identification as ‘keystone actors’ in 
marine ecosystems (Österblom et al. 2015). What was a speculative conclusion in 
Österblom et al. (2015), became the hypothesis of an ongoing global experiment: 
‘Sustainable leadership by keystone actors could result in cascading effects 
throughout the entire seafood industry and enable a critical transition towards 
improved management of marine living resources and ecosystems’.  
 
The co-production process involved building trust with companies through 
repeated interactions and bilateral meetings, listening, learning from, and 
understanding the priorities of CEOs, producing a series of scientific background 
briefs in an accessible and appealing format, organising and participating in 
‘keystone dialogues’ between scientists and CEOs, creating a dedicated website for 
the emergent initiative (www.keystonedialogues.earth), drafting statements and 
press releases, presenting the initiative in academic conferences and policymaking 
events, and ensuring at the end of each dialogue that, at least, they would agree to 
meet again. As described in Paper III, the roles we took in this process were as 
reflective scientists (when analysing the dynamics and actors before the dialogue), 
as process facilitators (when initiating the process, selecting participants, 
facilitating the learning process and encouraging expression of all viewpoints), as 
change agents (by initiating a learning journey based on sustainability values and 
networking with stakeholders outside the group), as knowledge brokers (providing 
support to make sustainability meaningful in the seafood context), and finally as 
self-reflecting scientists (by engaging competencies and capacities we were 
lacking). 
 
Knowledge synthesis (Paper II and V) 
A trademark of this thesis is its scope. Each paper required diving into a different 
body of literature: coral reefs for Paper I, ocean uses and jurisdictions for Paper II, 
corporate governance and transdisciplinary research for Paper III, seafood and 
finance scholarship for Paper IV, and a wide range of Earth system, resilience, trade, 
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network and food production studies for Paper V. This led me to continuously 
explore fields I knew little – if anything – about, and to review a considerable amount 
of studies. 
 
In this respect, both Paper II and V stand out. Written as perspective articles, their 
strength is to bridge knowledge and generate new insights from a comprehensive 
and interdisciplinary review of the literature. Much of the initial work behind Paper 
II was to read and synthesise existing literature on a diversity of ocean uses or 
‘claims’. In a stepwise process, I first summarised the hopes and expectations 
associated with each ocean claim by highlighting key references, facts and figures. 
I then did a similar exercise focusing on their impacts, and finally on their current 
governance processes. This became Supplementary Text S1, Table S2 and Table S3, 
respectively, and provided the backbone for the manuscript and its description of 
the new ocean reality. Likewise, Paper V introduced the global production 
ecosystem as a novel conceptual framework by drawing on the remarkable progress 
that had been made in different research fields, and by considering a diverse set of 
socioeconomic and biophysical elements that had previously been studied 
separately across sectors and systems (e.g. climatic, ecological, financial, 
technological, and social). 
	

 
 
 
 
 
 
 
 

Keystone Dialogue. Her Royal Highness Crown Princess Victoria of Sweden delivers the 
opening speech of the first keystone dialogue between scientists and CEOs of eight of the 
world’s largest seafood companies (Maldives, November 2016). The Crown Princess was 
the Patron of the meeting, in her role as Global Advocate Alumni for the SDGs focusing 
on the ocean, and has remained actively engaged in the SeaBOS initiative since then. 
Photo: Jean-Baptiste Jouffray. 
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SUMMARY OF PAPERS 
 
 
 
 
 
 
Paper I – Parsing human and biophysical drivers of coral reef regimes 
 
This paper uses machine learning and the most spatially extensive reef dataset 
available across the Hawaiian archipelago to explore how anthropogenic and 
biophysical conditions interact to drive four distinct coral reef configurations. 
While previous work has looked at what drives changes in benthos (often using fish 
as predictors) or what explains changes in reef fish assemblages (often using 
benthos as predictors), this is the first study to conduct explanatory predictions of 
reef regimes defined by both fish and benthic organisms. The approach is 
particularly appealing to managers and policymakers who are often interested in 
the status of the reef as a whole (e.g., ecosystem-based management), rather than its 
individual components. We show that reef regimes are distributed along a gradient 
of human and environmental influence, with the overwhelming importance of 
biophysical predictors, such as wave power, depth and structural complexity, in 
predicting their occurrence. However, the most degraded regime, characterised by 
low fish biomass, few corals and high algal cover, is primarily explained by human 
predictors (that is, fishing and effluent discharge). The findings highlight the 
nuances of what underpins coral reef regimes and how a reef’s natural setting may 
either expand or narrow the opportunity space for effective management. For 
example, we show the importance of waves in predicting the occurrence of a regime 
characterised by high fish biomass but low coral cover, the chlorophyll-a profile of 
reefs with substantial coral cover occurring in sheltered environments, and the 
synergistic interaction patterns of complexity and depth with other predictors. 
Disentangling the relative influence of human and biophysical stressors can inform 
local management decisions and highlight which biophysical variables need to be 
accounted for in a given location. Paper I provides a novel empirical approach – and 
a new statistical R package – to quantify such relative influence in a way that is 
replicable across a broad range of ecosystems. 
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Paper II – The blue acceleration 
 
Driven by increasing consumption patterns, land-based sources decline, and 
technological progress, the hopes and expectations for the ocean as an engine of 
future human development are increasing and have become ubiquitous. Paper II is 
intended as a perspective piece that describes the new global ocean context and 
provides a comprehensive overview of the multiple claims being made on the 
ocean. Using a snowball sampling methodology to review the literature and build 
on expert knowledge, we first synthesise 18 ocean claims organised according to 
three fundamental needs for humanity: food, material and space. In the spirit of the 
‘great acceleration’ from Steffen et al. (2015), we empirically describe their temporal 
trajectory as the ‘blue acceleration’ – a new phase in humanity’s relationship with 
the biosphere that exhibits a phenomenal rate of change over the last 30 years, with 
a sharp acceleration characterising the onset of the 21st century. We then review the 
environmental impacts associated with each ocean claim and use case descriptions 
to explore how the blue acceleration manifests and what it entails for the emergence 
of new challenges and interconnected risks. We argue that, in an increasingly 
connected world, limits to the blue acceleration may be set by emerging systemic 
risks rather than predictable finite limits of ocean resources. Finally, we discuss 
current ocean governance processes and highlight the mismatches between the rate 
of change in ocean claims, the fragmentation within the ocean governance 
landscape, and the slow pace at which new policy is being developed. With the UN 
Decade of Ocean Science for Sustainable Development set to begin in 2021, the 
paper concludes by highlighting future research avenues with a focus on the 
interactions, actors, financiers and beneficiaries of the blue acceleration. 
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Paper III – Emergence of a global science-business initiative for ocean stewardship 
 
This paper builds on the identification of the world’s largest seafood corporations 
(Österblom et al. 2015) and reports on a global experiment to test whether these 
companies have an interest and ability to take on a leadership role for ocean 
stewardship. The paper describes (1) the process of identifying ‘keystone actors’ in 
marine ecosystems, namely globally operating corporations engaged in fisheries 
and aquaculture with a unique capacity to influence change, (2) how we actively 
engaged with these actors to collaboratively develop solutions to the seafood 
sustainability challenge and (3) how this co-production process led to the 
establishment of the Seafood Business for Ocean Stewardship (SeaBOS) initiative, 
a unique global platform connecting science and business, wild-capture fisheries 
and aquaculture, and companies from the three major seafood markets (Asia, 
Europe and North America). While substantial work has focused on how science 
interacts with policy, relatively little is known about interactions between science 
and business. Paper III reframes the responsibility for environmental issues in 
terms of corporate responsibility and explores the potential role of large companies 
in promoting a more sustainable seafood industry. We argue that scientists can play 
a critical role in this process by linking knowledge to action, and suggest that the 
initiative is improving the prospect for transformative change by increasing 
connectivity between actors, sectors and geographical places. We highlight the 
importance of building trust among all the actors and being cognizant of different 
norms and knowledge, while also recognising risks associated with such 
engagement. The paper contributes to advancing the limited understanding of 
large-scale private actors within the sustainability science literature and provides 
evidence for how a science-business partnership might be replicated in other 
sectors. 
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Paper IV – Leverage points in the financial sector for seafood sustainability 
 
This study investigates what role finance could play in promoting seafood 
sustainability. Green bonds and other impact investment tools have emerged in 
recent years but they represent less than 1% of global financial flows. As pressures 
on the ocean mount, what is needed are new norms and regulations that can 
influence mainstream finance. Paper IV uses a mixed-methods approach to identify 
where different financial mechanisms are most salient along a seafood firm’s 
development trajectory and explore three leverage points that could redirect capital 
towards more sustainable practices. We find the two most promising levers to be 
introducing sustainability criteria into both bank loan agreements and stock 
exchange listing rules, whereas shareholder activism appears a less powerful 
avenue than might be expected. 
 
• Bank loans come with covenants, agreements between the bank and the 

borrower stipulating what the borrower can or cannot do. By incorporating 
sustainability criteria into loan covenants and binding companies to sustainable 
practices, banks could play a prominent role in accelerating transformations 
towards better practices, not just in seafood but across all ocean-based industries 
(and arguably other commodities). 

 
• Likewise, more stringent sustainability criteria in the listing rules of a few stock 

exchanges could have big effects on the industry since the majority of large 
public seafood companies are listed on just a handful of them. The Tokyo Stock 
Exchange alone concentrates 53% of the combined revenue of the world’s top 45 
listed seafood companies, while only four exchanges (Tokyo, Oslo, Korea and 
Thailand) together account for 86% of revenues. 

 
• Shareholder activism is the third lever of influence we investigate by analysing 

more than 3000 shareholders and 160 seafood firms. However, we find its 
influence may have limitations in the seafood sector. Not only the majority of 
large fishing and aquaculture firms are privately owned, but our results show 
that in the publicly listed ones, no single investor has substantial shares across 
many different companies and large shareholders are mainly individuals or 
nonfinancial companies, rather than financial institutions. 
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Paper V – Anatomy and resilience of the global production ecosystem 
 
Drawing on comprehensive and diverse literature, Paper V introduces the global 
production ecosystem (GPE) as a defining feature of the Anthropocene and a novel 
conceptual framework to explore the cumulative global transformation of the 
Earth’s biosphere. The GPE emerges as the result of three interacting trends: (1) the 
continued conversion of the Earth’s biosphere into simplified production 
ecosystems for the production of harvestable biomass in the form of food, fuel and 
fibre, (2) the increased intensification and dependence of these production 
ecosystems on human inputs, and (3) their expanding connectivity through global 
markets. The GPE integrates multiple sectors, broadly referred to as forestry, 
agriculture (crops and livestock), and fishery (wild capture and aquaculture), and 
appears at the intersection of climatic, ecological, political, infrastructure, 
technological, and social systems. We show that the anatomy of the GPE is 
characterised by hyper-connectivity, global homogenisation and weak feedbacks. 
We argue that these features converge to yield high and predictable supplies of 
biomass in the short term, but create conditions for novel and pervasive risks to 
emerge and interact in the longer term. In particular, increasing management of the 
system to reduce variance, through high levels of intervention and forced stability 
(e.g., simplification and intensification) may, in fact, reduce the overall stability of 
the system and increase the likelihood of catastrophic collapse. The current 
anatomy of the GPE is eroding natural ecosystem resilience and paving the way for 
shocks that once were contained within a geographic area, or a sector, to become 
globally contagious, while simultaneously removing transparency, accountability 
and feedbacks between production and consumption, such that we cannot 
understand or manage these emerging risks. We conclude by suggesting three 
avenues that, combined with effective public policies and improved governmental 
regulations, could foster innovation and encourage new partnerships to incentivise 
a transformation towards a more sustainable GPE: redirecting finance, increasing 
supply chain transparency and traceability, and engaging ‘keystone’ transnational 
corporations. 
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CONTRIBUTIONS 
 
 
 
 
 
 
A once-popular view that the ocean was simply too big to be affected by human 
actions (Carson 1951) has been replaced by the reality of the Anthropocene ocean 
(Levin and Poe 2017), in which the ocean is neither ‘too big to fail nor too big to fix, 
it is too big to ignore’ (Lubchenco and Gaines 2019). Much of my work consists in a 
curiosity-driven endeavour aimed at describing and analysing what the 
Anthropocene means for the ocean, what it entails for how we study marine social-
ecological systems and, essentially, what can be done to improve sustainability. 
 
To the question ‘what does the Anthropocene mean for the ocean – and vice versa?’, 
the five papers collectively suggest that the Anthropocene ocean may be as much 
about upwelling and parrotfish grazing as it is about bank loans and intensified crop 
monocultures. The thesis offers a novel systemic understanding of ocean 
sustainability and provides conceptual and mechanistic ways to link ecosystems to 
their distal socio-economic drivers. It acknowledges that although humans have 
become a dominant force of planetary change, biophysical forcings still 
considerably influence marine ecosystem structure and function and that effective 
management of the Anthropocene ocean, thus, requires both focusing on prominent 
human stressors while accounting for the natural bounds set by the biophysical 
environment (Paper I). It provides new frameworks, either describing the global 
ocean context through the diversity of claims that unfold at an unprecedented rate 
(Paper II) or conceptualising the ocean as part of a broader global production 
ecosystem that integrates multiple sectors across land and sea (Paper V). These 
frameworks allow to generate knowledge and discuss risks and opportunities for 
sustainability, in particular, the notion of emerging systemic risks as a result of 
optimisation and cross-sector interactions. Finally, it explores new research 
frontiers for sustainability science by examining the potential of engaging large 
transnational corporations (Paper III) and leveraging mainstream finance (Paper 
IV), both of which are seldom considered in the sustainability literature. 
 
In 2011, Robert Kates wrote that ‘sustainability science is a different kind of science 
that is primarily use-inspired (…) with significant fundamental and applied 
knowledge components, and commitment to moving such knowledge into societal 
action’. He also concluded that ‘its real test of success will be in implementing its 
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knowledge to meet the great environment and development challenges of this 
century’ (Kates 2011). My thesis can be seen as an attempt to embody that statement, 
and a testimony that approaching sustainability from a single discipline, or from 
academia alone, is unrealistic. 
 
Unlike multidisciplinarity, which draws on knowledge from different disciplines but 
stays within their boundaries, interdisciplinarity is an integrated approach to 
analyse, synthesise and harmonise links between disciplines into a coordinated and 
coherent whole (Choi and Pak 2006). It aims at generating new knowledge and 
answering questions that recognise the limitations inherent to the 
compartmentalised system of traditional academic research (Toomey et al. 2015). 
Paper IV, for example, represents a truly interdisciplinary effort between ecology, 
accounting and finance scholars to take on the challenge of seafood sustainability. 
Recent calls for ecology to care about the financial sector (Galaz et al. 2015), and 
vice versa (Scholtens 2017), have highlighted the need for greater mutual 
understanding in the face of social-environmental impacts and associated financial 
risks. So far, however, most of the literature on seafood and finance has focused on 
subsidies or impact investments (EDF 2018, Sumaila et al. 2019). Paper IV starts with 
what could be conceived of as a ‘finance 101’ for readers unfamiliar with the topic, 
before providing the first empirical description of how the financial sector interacts 
with the seafood industry. One of the paper’s major contributions is to bridge 
disciplines that know little about each other in order to identify realistic leverage 
points and translate these findings into policy suggestions. Likewise, Paper V draws 
on a rich literature, and equally diverse author expertise, to consider the resilience 
of the global production ecosystem and offer a novel contribution to the overall 
discussion on how we understand, and to a lesser extent address, emerging threats 
to the human-environment system we are dependent on. 
 
To the question ‘what can be done to improve sustainability?’, the thesis goes 
beyond interdisciplinarity and also takes a transdisciplinary approach. A key 
principle of transdisciplinary research is the integration of the generated 
knowledge into scientific and societal practice (Lang et al. 2012). Transdisciplinarity 
is about moving beyond the bridging of academic disciplines to engage directly 
with societal actors for the production and use of knowledge outside of academia. 
This notion has been a strong component of my work, making it at times as much 
solution-based as it was problem-driven, and motivating me to identify concrete 
entry points for improved management and sustainability. 
 
Paper I was part of an international project, the Ocean Tipping Points, that 
convened experts from many fields, including natural and social scientists, law and 
policy experts, as well as local and regional managers. Science is often done first 
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and then brought forward to stakeholders. Remarkably, in this case, Hawaiian 
managers and policymakers were around the table from the very first day of the 
project, with an inestimable knowledge of the local context and clear objectives 
regarding what type of scientific evidence would be useful for an ecosystem-based 
management approach. The research agenda was therefore co-designed to 
specifically inform management decisions that could be implemented across the 
archipelago. There is not much local managers can do about broad-scale 
biophysical drivers, such as wave energy, but understanding how environmental 
conditions in a given place shape different coral reef regimes can help inform 
management strategies and identify priority areas. Taking the results from Paper I 
and turning them around for use in a forward-thinking model will allow to predict 
the outcome of alternative management actions and explore where a change in a 
particular variable (or combination of variables) gives the quickest transition into a 
more desirable state. While the likelihood of all local human impacts disappearing 
is unrealistic, varying the models could help determine the most cost-effective 
management interventions given a reef’s natural setting. 
 
Similarly, Paper IV provides a roadmap not only for future research but also for 
policy decisions. The promising leverage points identified (bank loans and stock 
exchange listing rules) represent important avenues to be explored further with a 
vocation to eventually translate into transdisciplinary research. For instance, by 
identifying keystone banks in the seafood industry (i.e., banks with strong business 
in seafood) and assessing their willingness to set up new norms of sustainability 
requirements for credit lending. Likewise, attention should be directed to the few 
stock exchanges that concentrate seafood revenues to evaluate the possibility of 
implementing more stringent sustainability requirements as their listing rules. 
Defining these criteria represents itself a crucial avenue for future work in 
collaboration with industry actors, financial institutions and policymakers 
(Cvitanovic et al. 2016). 
 
When it comes to transdisciplinary research and engagement with societal actors, 
Paper III is by far the most emblematic. It puts in practice the idea of scientists as 
change-makers and presents a unique process at the interface of knowledge and 
action. What started as a curiosity-driven attempt to identify the world’s largest 
seafood companies resulted in a dialogue between CEOs and scientists in 
November 2016 and commitment to setting up a global initiative to co-produce 
solutions to the seafood sustainability challenge. Fast-forward to September 2019 
and a series of dialogues later, the SeaBOS initiative has materialised into one of 
the most important cross-sector collaborations within the global seafood industry, 
involving ten of the world’s largest seafood companies and dozens of scientists 
across disciplines and universities, to lead a global transformation towards 



 47 

sustainable seafood production and a healthy ocean. Six task forces have been set 
up, each led by companies in collaboration with and supported by scientists: (1) 
Addressing illegal, unreported and unregulated fishing and forced labour, (2) 
Improving traceability in global seafood, (3) Working with governments to improve 
regulations, (4) Transparency and governance of SeaBOS, (5) Reducing plastic in 
seafood supply chains and (6) Climate Resilience. Transnational corporations are 
increasingly regarded as important actors in the global economy, but they have 
rarely been linked to ecosystem dynamics, and even less so considered suitable 
partners for knowledge co-production in sustainability research (Norström et al. in 
press). While the outcomes of SeaBOS have so far exceeded our expectations, it 
remains an ongoing experiment and only time will tell whether the initiative has 
positive and long-lasting effects on the seafood industry and marine ecosystems. 
Ultimately, it is up to the companies to deliver on their joint commitments, while 
researchers keep monitoring the progress of the initiative and draw out scientific 
insights from the process of facilitating such science-business partnership 
(Bebbington et al. 2019). 
 
A key challenge for humanity is to understand its new role as a dominant force of 
planetary change and how to enable transformations towards a more sustainable 
Anthropocene (Folke et al. 2016). From modelling reef ecosystem dynamics to 
conceptualising the global production ecosystem, the five papers presented here 
constitute one step in this direction. There is of course more to the Anthropocene 
ocean than what could be captured through the thesis. Yet, with the next UN Ocean 
Conference rapidly approaching (Lisbon, June 2020) and the UN Decade of Ocean 
Science for Sustainable Development set to begin in 2021, this thesis offers a useful 
contribution to both academic and policy discussions on how to approach ocean 
sustainability in the 21st century. 
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REFLECTIONS 
 
 
 
 
 
 
The PhD position I applied to five years ago was entitled ‘Disentangling cross-scale 
driver interactions in marine social-ecological systems’. The proposal, like its title, 
was rather vague. It mentioned the aims of investigating ‘relationships between 
ecosystems and proximate and distal drivers’, as well as guiding ‘an analysis of 
marine social-ecological systems on a global scale’. What at first may have been 
unsettling, in fact, provided me with a unique space to develop as a sustainability 
scientist. The present thesis does address proximate and distal drivers of the global 
marine social-ecological system, but it probably lies quite far from what was 
originally intended, in particular, owing to the transdisciplinary turn the thesis took 
over the years. I see it as a true privilege to have had this possibility to constantly 
shape my PhD journey and refine my research questions as new findings emerged 
and opportunities for collaborations arose. While entire pages could be filled with 
personal reflections, I highlight below just a handful of them with a focus on some 
key interrogations that accompanied me through the years. 
 
The thesis’s red thread? 
There are two commonly alleged origins to the expression ‘the red thread’. The first 
one refers back to Greek mythology and the story of Theseus who found his way out 
of the labyrinth of the Minotaur following a thread given to him by Ariadne. The 
second finds its source in the ropes used by the Royal British navy of the 18th 
century. They were said to have the particularity to be constructed and tangled 
around a central piece of red thread, critical to the cohesion of the entire rope and 
which could not be extracted without undoing the whole. It became, by extension, 
the symbol of something that connects it all together (Goethe 1809). Both 
explanations relate to my PhD thesis and offer complementary perspectives on 
some of its challenges but also originality. First, the PhD can be regarded as 
wandering through the complex maze of sustainability science and 
transdisciplinary research. My background was in natural science, with a BSc in 
Biology of Organisms, Populations and Ecosystems and an MSc in Ecology. The 
field of sustainability science, and to a greater extent the notion of transdisciplinary 
research, were therefore new to me and constituted a fascinating, albeit sometimes 
challenging, learning experience. Second, the thesis builds upon and provides the 
backbone for a broader research endeavour composed of a series of additional co-
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authored papers not included per se in the thesis, but which either explored certain 
aspects in more depth or were critical to the intellectual thinking and 
methodological approaches used in the PhD (Figure 5). 
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

 

 

 

 

Figure 5. A broad research endeavour. Overview of the co-authored papers 
surrounding the thesis, which either explored certain aspects in more depth or were 
critical to the intellectual thinking and methodological approaches used in the thesis. 
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Jack of all trades, master of none?	

Inherent to the field of sustainability science and transdisciplinary research is the 
question of depth of expertise. Should one be a generalist or a specialist? Fellow 
PhD students recently coined the terms ‘undisciplinary journey’ to discuss the 
challenges that emerge from balancing methodological groundedness and 
epistemological agility as an interdisciplinary early-career scholar (Haider et al. 
2018). My thesis is a manifestation that transdisciplinarity in sustainability science 
might become a specialisation on its own. Exploring what the Anthropocene entails 
for the ocean from a social-ecological perspective meant that I had to rely on a wide 
range of methods, broaden myself as a researcher by diving into the literature I had 
no prior experience in (e.g., finance) and operate at the interface of science and 
action. It also meant that I engaged in numerous and enriching collaborations. This 
suited me particularly well given a certain curiosity and constant appetite for 
learning. I once discussed with a PhD colleague who insisted on how much being 
in the field to collect data meant to him and how it was such an enjoyable part of his 
research. Although my thesis did not require any proper fieldwork for the sake of 
data collection, I can easily relate to that feeling through the learning of new 
methodologies, the design of analytical tools, and the reading of papers beyond my 
own expertise. There is something exhilarating in acquiring new skills and applying 
knowledge or methods from one field to address research questions in another. 
 
Disciplinary imperialism and neoliberalism? 
Understanding how processes and outcomes associated with globalisation 
influence the resilience, vulnerability and adaptability of marine social-ecological 
systems represents a substantial challenge for science (Young et al. 2006). A 
recurrent critic directed at our transdisciplinary work with large transnational 
corporations has been to give scientific justification to a particular political agenda, 
that is neoliberalism. Yet the focus of my research is not about whether 
consolidation and transnational corporations are either good or bad for the 
environment. Instead, it is about recognising their dominance as a critical feature 
of the Anthropocene, highlighting their disproportionate and unprecedented 
capacity to influence the biosphere, and identifying potential leverage points for 
sustainability. The considerable social and ecological impacts of large companies 
are well documented (Dauvergne and Lister 2013, IPES Food 2017, Clapp 2018, 
Dauvergne 2018), so the question is not ‘are they good or bad?’ but rather ‘what can 
we do about this phenomenon?’. Hence our ambition to explore the possibility of 
leveraging their influence to accelerate sustainability efforts in combination with 
more effective public policies and improved governmental regulations.	
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I argue that scientists have a critical role to play in this process. While sustainability 
used to be primarily a concern of environmental NGOs and policymakers, corporate 
leaders now increasingly regard it as key for their business and a chance for 
companies to add value and to access emerging markets. This presents both 
opportunities and risks. The opportunity is for the private sector to assume 
leadership and promote more sustainable practices. The risk is that companies 
hijack the sustainability agenda to define it in a way that is convenient for their 
operations and legitimates self-regulations over national or international rules. In 
his book ‘Will big business destroy our planet?’, Peter Dauvergne points out that 
the corporate rhetoric of ‘taking responsibility’ does not entail fixing the problems 
as defined by states or societies, but instead, gives corporations the political power 
to define what our problems are and how they should be fixed (Dauvergne 2018). 
With that in mind, and rather than an expression of support for industry 
consolidation and free-market capitalism, the SeaBOS initiative represents an 
experiment to test whether scientists can collaborate with business leaders to 
ensure evidence-based decision-making. Likewise, my work on finance explicitly 
recognises the risks associated with a growing influence of the financial sector and 
purposefully focuses on how to integrate sustainability criteria into traditional 
financial services, rather than promoting new ‘green’ investment tools (Clapp and 
Isakson 2018). 
 
Future directions? 
Each paper contains suggestions of future directions that I would like to pursue: 
from predicting the outcome of alternative reef management interventions in 
Hawai‘i and modelling segments of the global production ecosystem, to exploring 
further leverage points in finance such as the role of credit rating agencies and large 
accounting firms that assess and audit most of the financial transactions and thus 
could constitute powerful change agents. What I may be most looking forward to, 
though, is to unpack the blue acceleration by spatially mapping the different claims 
and their interactions, as well as investigating consolidation patterns and financiers 
of various ocean-based industries. Building on lessons learnt from the SeaBOS 
initiative, I am also curious to engage with banks and stock exchanges active in the 
seafood sector (and other ocean industries) to see if they would consider 
incorporating more stringent sustainability criteria for loan covenants and listing 
rules. 
 
From a more personal and anecdotal standpoint, I am hoping to join aboard a 
fishing vessel. By the time I finished my MSc thesis on multiple coral reef regimes 
across the Hawaiian archipelago in 2013, I had never seen a coral in my life. This 
deeply bothered me. Since then, I have had the opportunity to wonder at >90% coral 
cover in Kealakekua bay (Hawai‘i, USA), witness bleached and depauperate coral 
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reefs around O‘ahu (the most populated island in the Hawaiian archipelago), and 
lament over the Maldives reef rubbles during the first keystone dialogue. Although 
much of my work over the last few years has focused on the seafood industry, I have 
never been on a proper fishing vessel and even less so confronted to the challenges 
of being out at sea for several days or weeks. This is an experience I look forward to, 
sometime. 
 
Final words 
From the UNESCO tagline ‘One Planet, One Ocean’ to the #droptheS campaign on 
social media, growing efforts are promoting a language that reflects there is only 
one global ocean. In that regard, the geophysicist and oceanographer Athelstan F. 
Spilhaus (1911-1998) was a man ahead of his time. Best known for having developed 
the bathythermograph, a device that measures temperatures across ocean depths, 
Spilhaus also published a paper entitled ‘Maps of the Whole World Ocean’ in which 
he argued that because the world ocean is a continuous body of water ‘it is desirable 
to have the map interrupted within the land masses and the world ocean shown as a 
unit’ (Spilhaus 1942). The result is the Spilhaus Projection, a world map with a 
unique perspective that presents the ocean as a unified body of water bounded on 
all sides by the continental masses (Figure 6). People already knew that the ocean 
basins were connected, but the strength of Spilhaus’ projection was to use the Earth 
science of geodesy to construct a map that would visualise them as such. Likewise, 
this thesis can be seen as a projection of the Anthropocene ocean through the lens 
of sustainability science, and an invitation to redraw the boundaries of how science 
interacts with society. 
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Figure 6. One ocean. Illustration of the global ocean based on the Spilhaus 
Projection (top right corner), first published in the Smithsonian article ‘To see the 
oceans, slice up the land’ by Athelstan Spilhaus, in November 1979 (Šavrič et al. 
2019). The Spilhaus projection may be 40 years old, but it has never been more 
relevant than today. 
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