environmental sciences K\
% proceedings MD\Py

Collective understanding and sustainability of oysters, coastal
climate systems and SDGs toward global futures?

Doe, S.S.P%2*, Walsh, P.P.2 and Otto, I.M.3

1 Earth System Governance Project, Utrecht University, The Netherlands;

2 UCD Centre for Sustainable Development Studies, School of Politics and International Relations, University
College Dublin (UCD), Newman Building, Belfield, Dublin 4, Ireland;

3 Social Complexity and System Transformation Research Group, Wegener Center for Climate and Global
Change, University of Graz, Brandhofgasse 5, 8010 Graz, Austria;

* Correspondence: doesylvan@yahoo.com ; ORCID: https://orcid.org/0000-0002-9525-9757)

t Presented at the ICSD 2023: 11th International Conference on Sustainable Development, 18-20 Sep 2023.

Abstract: This study adopts Sustainability Inventory Analysis (SIA) to investigate socio-ecological
evidence of how oysters indicate climate change, biodiversity and resilience in relation to the SDGs.
The fieldwork was conducted at the Volta River Estuary (VRE) adjoining the Atlantic Ocean, giving
global significance to this research. The SIA engages 60 respondents along the oyster value chain in
southeastern Ghana. The respondents perceived oysters to sharply decline by 81.67%, indicative of
dangerous climate impacts as cumulatively substantiated by 76% of 10 categorised attributes. The
most harming sub-attribute is sea level rise (34%). The analysed data shows only 13% of the
respondents has ever seen or heard information about the SDGs. The meaning of the 13% at SDG
midpoint is that it provides clearer picture of SDG awareness enabling policymakers and
development actors to collectively understand, decentralise and intensify public education on the
finest global goals to quickly reach diverse audience at the grassroots. We therefore suggest tipping
interventions, including sustainably financing climate action and SDG learning,
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1. Introduction

A powerful struggle to achieve global sustainability and climate neutral society
culminated in endorsement of the Paris Agreement and the UN Sustainable
Development Goals (SDGs) (Otto et al., 2020; Walsh, 2021; UN, 2015; Clémengon, 2021).
To date, the 17 SDGs are the world’s finest transitional roadmap that aims to
collaboratively transform the World-Human-Earth System to put humanity on a resilient,
greener and sustainable path towards economic prosperity, human security and
healthiest planet (Sachs et al., 2023; Sachs et al., 2021; Pradhan ef al., 2017; Walsh, 2021).
The SDGs must succeed to help actualize human satisfaction, happiness, safety and good
Anthropocene futures. But for these all-important global goals to materialise in the coast,
oyster ecological improvement and sustainability actions must progress at a faster speed
from now till 2030 and beyond.
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as an ‘integrated system of ecosystems and human society with reciprocal feedback and 48
interdependence’ (Folke et al., 2010, p. 4). 49

Globally, oyster was studied by several scholars for varied scientific reasons (Fleury 50
et al., 2020; Abreu et al., 2022), including salinity (Rybovich et al., 2016) but how oysters fitin 51
the SDG framework has never been specifically attempted. The state of the current oyster 52
ecology and the scientific information surrounding the interactions of oysters, climate 53
and SDGs is lacking. The first step in this direction is to explore system dynamics of 54
oysters and SDGs through the SES lenses. Such system knowledge is needed at this 55
crucially transitional midpoint of the SDG stocktaking as it can help to understand and 56
mobilise resources and peoples to manage, govern and implement inclusive policies to 57
support sustainable production and consumption of oysters in favour of the SDGs. 58

The problem statement, research objective and research question 59

Oysters serve as a delicacy for many people. During the COVID-19 pandemics, 60
pro-poor local population depends on oysters to survive strict imposition of lockdowns. 61
Yet, climate change is altering oyster ecosystems leading to degraded habitats and 62
biodiversity loss that are constraining SDG progress. In some coastal communities, the 63
oysters have completely disappeared, extinct or migrated. Formulating decisions to 64
rebuild sustainable oyster ecology through partnership and policy must be grounded on 65
evidence-based information that is readily accessible (Cooke et al., 2017) to SDG 66
decision-makers. Against this background, this research assesses socio-ecological 67
evidence of the climate change impacts on oysters and its ecosystems to understand the 68
connections and implications for the SDG framework. Additionally, we examine new 69
tipping pathways for contributing to oyster ecological improvements to advance and 70
sustain the SDG progress. Are there challenges constraining SDG progress at the 71
socio-ecological level? Are people at the grassroots aware of the SDGs? 72

The scope and justification of the SDG study 73

While the scope of the study encourages simulation of oysters and all the 17 SDGs, 74
the targeted SDG goals in this study are SDG #1, #2, #12, #13, #14, #15 and #17 (Figure 8). 75
The study is premised on the concept of sustainability science (Kates, 2011) described 76
here as ‘a field of research that brings together scholarship, policy and practice, global 77
and local perspectives...' (Haider et al., 2018, p. 192). The science of sustainability 78
recognises biodiversity conservation as an essential strategy for managing environmental 79
and climate risks (Mupepele et al., 2016; Berkes, 2007) to avert extinction of all kinds of 80
species and, in the context of this study, oysters. The oysters are depleting and becoming 81
a serious setback for the SDG vision and future. Surprisingly, new information to assist 82
actors to understand and identify real needs, plan and implement innovative 83
nature-based solutions and policies to sustainably protect or restore oysters are missing. 84
No scientific data is precisely known about the extent oysters fit in the cross-scale SDG 85
spaces in Ghana and the Global South. A baseline assessment that sparks new discourses 86
around oysters, climate and biodiversity (Mupepele et al., 2016) and, perfectly, aligns 87
with the Convention on Biological Diversity, Paris Agreement and the SDG#13 is 88

indispensable. 89
2. Methodology 0
Study area and its significance 91

The research fieldwork was conducted in a shared VRE that covered 45-60 km2 of 92
south-eastern Ghana. The VRE starts from the Lower Volta Bridge at Sogakope (South 93
Tongu District) towards downstream near Ada-Foah (Ada East District) and Fuveme 94
(Anloga District) where the Volta River and the Atlantic Ocean meet. The temperaturein 95
the coastal estuary alternates around 23-31°C. The area lies within latitude 11.50N and 9%
4.50S and longitude 3.50W and 1.30E (Republic of Ghana, 2020). The three districts are 97
inhabited by 284,420 people (Ghana Statistical Service, 2021). For those aged above 12yrs 98
in South Tongu District, access to mobile phone, internet and desktop/laptop computer 99
was 39.4%, 2.7% and 2.7% respectively (Ghana Statistical Service, 2014). 100
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Geographically, the Volta River spans six countries in the western coast of Africa, 101
namely Ghana, Togo, Benin, Burkina Faso, Mali and Cote d’Ivoire. Thus, the river is 102
servicing food, energy, water, transportation and livelihood needs of approximately 120 103
million people. On this basis, whatever climate and human-ecological changes that 104
happen at the VRE are of regional and international interests. 105

Methods, tools and materials 106

Considering the interdisciplinary character of oyster-human relations and 107
multidimensional nature of the SDGs, this study employs Sustainability Inventory 108
Analysis (SIA) that is flexible and hybrid enabling conceptual modelling and integration 109
of other scientifically suitable methods such as SWOT analysis to elicit accurate evidence 110
from triple-bottom-line context. SIA integrates rapid action assessments comprising field 111
visits, tele-engagements, observations, and interviews. It allows calibrating the 17 SDGs 112
that often go with complex system interactions (Lim et al., 2018), and uniquely embraces 113
sustainability assessment tools such as the Ecosystem Services and PRISM (Dickson et al., 114
2017) imperative for identifying evidence to enrich conservation decisions (Bilotta et al., 115
2014). In researching internet-based datasets, a modem, laptop for word processing, data 116
auditing, analysis as well as documenting the final research report were employed. 117
Digital camera aided capture of visible evidence of coastal ecological changes. We used 118
SDGs factsheet to support open discussions during face-to-face interviews. 119

Data collection, sources and analysis 120

The fieldwork data was collected in the second half of year 2021. In all, 60 121
respondents were interviewed using open questions. The data collection focused on 122
divers, oyster processors, traders, consumers and two government employees. Gathering 123
the data consisted monitoring oyster habitats and estuary catchments. Oyster shell sizes 124
were sorted and measured. This was followed-up with interviews at Azizanya, 125
Sogakope, Big Ada, Ada-Foah, Agorta, Ada-Junction, Sokpoe and Dabala. Due to 126
COVID-19 restriction, the face-to-face meetings were “rapid”. Additionally, secondary 127
data was retrieved from credible journals and online datasets using Google search. To 128
understand the distribution of divers and communities, the study utilised MS Excel to 129
code and analyse basic statistical data. Expert consultation was used to refine and 130
validate the data. 131

Limitations 132

Some specific local features mentioned by respondents to buttress climate impacts or 133
socio-ecological change indicators could not be incorporated in this study due to limited 134
time and finance amidst tight COVID-19 restrictions. The research processes were also 135
challenged by poor access to the internet, computing services and interrupted electricity = 136

that lowered the pace to organise research materials and to reach wider respondents. 137
3. Results 138
e Basic socio-ecological characteristics 139

The findings of this research indicate that over 80% of the respondents were aged 140
below 40 years and 60% of them were mobile, meaning that they temporally 141
migrated (intercommunity migration) in order to pick oysters. Although women 142
predominated the trading and processing of oysters by 75%, the men controlled 143
diving spaces (99.5%). The newest respondent to dive for oysters had six months of = 144
experience while the oldest had retired from diving after 35 years. Only two 145
respondents stated that they belonged to associations, which were not related to 146
oysters, confirming 97% informality of the oyster value chain. Oysters in Big Ada 147
were comparatively smaller in size than the same species in Sogakope. The largest 148
oyster measured during this study was 9.3 cm in height and 11.5 cm in 149
length/breadth. 150
. Local society, awareness and SDGs 151
The analysed data demonstrates that awareness of the SDGs among actors along the 152
oyster value chain was very low. Only eight out of the 60 respondents, representing 153
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13%, had seen, received or heard some information about the SDGs. This result was 154
based on the response to interview questions, including ‘have you seen or heard 155
about the UN Sustainable Development Goals?” The 13% were respondents who had 156
basic formal education. The main sources from which the 13% of respondents heard 157
the SDGs mentioned for the first time were (i) local FM Radio and TV, (ii) high 158
college teacher, and (iii) one-time off workshop organised by GIZ. With an exception 159
of a staff of a local government assembly and a former Ramsar Site Manager, the rest 160
of the 13% failed to correctly pinpoint the SDG icons made available to them by the 161
SDG Researcher. Also, the respondents could not give additional information or 162
further explain the SDGs. The observation was that messages about the SDGs were 163
not fairly disseminated to reach vulnerable groups at the grassroots and the ELICs. 164
e Human-ecological concerns and drivers of oyster population 165
The physical damage to intertidal zones at Azizanya provides visible evidence of the 166
extent climate change risks such as erosion or weathering after storm floods or tidal 167
waves could displace or destroy coastal biodiversity (Figure 1a). Also, 168
water-land-use activities such as agro-chemicals, sand dredging, microplastics, and 169
liquid wastes emerging from domestic/industrial and tourism facilities often pollute 170
river waters to terminate the life cycle of oysters and related species. At Azizanya, 171
sea level rises push seawater (“saltwater”) to flow into the VRE. The resultant high 172
salinity content of seawater entering the river water kills oysters. 173
174

The causes of oyster deaths and drivers of oyster population are varied but oyster 175
mortality is inextricably connected to climate change. Generally, some scholars 176
found the imbalance of both biotic and abiotic parameters such as species density, 177
seawater, feed, sea heat, rainfall and wind to be responsible for oyster growth, 178
survival or mortality (Fleury et al., 2020; Rybovich et al., 2016). In Figure 1b, more 179
than five out of the 10 categorised attributes totalling an excess of 76% were directly 180
caused by climate impacts, including invasive weeds. A rising sea level (34%) is the 181
greatest harming sub-attribute in the VRE that undermines the vision of the SDGs 182

183
Figure 1a. Eroded estuary boundaries by tidal waves; (1b) Drivers of 184
oyster population and mortality; Source: Doe, 2021. 185
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4. Discussion 188

In evaluating to understand how the SDGs are challenged or have progressed ata 189
transitional midpoint of implementation, it is reasonable to consider how the interactions 190
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of oysters, ecosystems and climate connect to human society. This study identifies
interlocking challenges that must be urgently resolved through policy, innovation and
technology to smooth transformational changes and transitional processes toward
maximising the contribution of oysters to the SDG agenda (Figure 2). For example, we
identified potential eco-conflict at this midpoint of implementing the SDGs. Eco-conflict
occasionally occurs among divers as a result of their competition to spawn and own
“oyster beds" beneath the river. The competition is happening because diving spaces are
squeezed or shifted giving rise to conflicts (“eco-conflicts”) and ethnic tensions among
divers in Sogakope and Big Ada. Such eco-conflicts has ruined societal relationships
necessary for seeding local network capitals to promote mangrove restoration and best
conservation practices. The problem of eco-conflicts could be solved by encouraging
participatory monitoring of divers’ movements and customising legal regulations to stop
discriminatory attitudes within diving spaces. This approach should include nurturing
healthy interrelationships around the SDG#17 as a pivotal goal to mobilise
business-science-policy actors and allow imbedding of innovative peace-building
mechanisms, strategies and technologies that “leave no one behind”

SOCIETY, ECOLOGY
AND SDGs

ENVIRONMENTAL
CHALLENGES

- Invasive aquatic weeds

- Parasitic worms/diseases
- Sea level rise/heat

- High salinity/seawater

- Petrol/fossil fuel
consumption

- Microplastic/chemical
pollution

- Storm flooding

- Physical land-use damage
from construction, erosion,
sand dredging, peri-
urbanisation, etc.

- Climate change

IMMEDIATE ACTIONS
- Formalisation
- Restructuring
- Regulation
- Digitalisation

Figure 2: Navigating oyster SES and SDG future challenges.

SOCIAL CHALLENGES
- Eco-conflicts among divers
- Ecological job loss leading to youth crisis

ECONOMIC CHALLENGES
- Financing low-carbon
boats/inputs

- Poverty

- Inefficient processing

- Theft of semi-seeded oysters
- Overharvesting of oysters

- Absence of a unified association/network acility

Lack of formal recognition for oyster services ("
- Climate information
deficiency/disinformation
- Cultural/belief uncertainties
- Divers/youth migration
- Ecosystem service informality
- Child labour
- COVID-19 shocks
- Lack of climate and SDG information

- Price fluctuations

closed season

Research and co-
production of SDG
knowledges for
dialogues and
decisons

A Innovation

A Technology plus science
A New ecological policy

A Sustainable finance

Source: Doe, 2021

- Poor market during post-

In the 1970s, oysters were picked manually from the wild aquatic systems mostly by
rural women. Absolutely no fossil fuel was used then to power fishing boats. Today, the
storyline has considerably changed. Diving is merchandised and taken from the hands of
the women. The motorised boats are expensive. The women are marginalised and
squeezed from rive spaces for diving or harvesting oysters, creasing socio-ecological
inequality (SDG#10) that deserve policy attention. Even though the gender role of women
at local markets remains significant (75%), breakthroughs to enable women have equal
voices and access to diving spaces is advocated here.

Environmentally, over 90% of the fishing boats are presently powered by “outboard
motors” and technically operated by men using premix fuel responsible for emitting
carbon dioxide (CO2) into the atmosphere. An increase in fossil-fuel powered boats is
ecologically unwise. In the case of Ghana, this practice will not take the SDG progress a
step further since it will increase existing emissions of 42.2 MtCO2e (Republic of Ghana,
2020). Exponentially increased CO2 emissions will quicken microclimate heating and,
eventually, trigger recurrent seawater spillover to kill and collapse the oyster stock. This
is a red-alert issue that favours none of the 17 SDGs, especially SDG#13, SDG#14 and
SDG#15, SDG#1 and SDG#2. The suggestion here is to strategically decarbonise oyster
value chain by adopting sustainable nature-based solutions (Doe, 2022), including the
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deployment of renewable energy technologies as part of the “Sustainable Energy for All” 227
linked to SDG#7. This should comprise introducing carbon-neutral boats. 228

Additionally, this study finds that oyster population has drastically reduced 229
(81.67%) due to climate change. Narrative reveals that the existing oysters were not bigin 230
size presently as compared to the 1970s. The oyster shells sampled during this study 231
showed that oyster sizes proportionally decreased toward the downstream. The 232
shrinking shell size correlates or is linked to frequent sea level rises. In addition, the 233
divers’ view that extreme climate events (e.g. West African Monsoon) tended to 234
abnormally dilute salinity content of blackish water in the estuary to hinder oyster 235
growth is not different from hydrodynamics observed by Rybovich ef al. (2016). Also, a 236
controlled habitat (Figure 1b) contributes to oyster deaths, which supports the view that 237
oysters in farmed condition could experience mortality (Fleury ef al., 2020). All these are 238
setbacks holding back the space at which oyster ecosystems can contribute to SDG 239
progress. 240

Climate change tends to disrupt large-scale ecosystem resilience (Chambers et. al., 241
2019) in the same way it is altering oyster biosystems. In the VRE, the relevance of oysters 242
in sustaining human-ecosystem resilience cannot be overemphasised socio-ecologically. 243
The benefit of oysters for divers and women ascertain its importance in rebuilding 244
societal resilience and adaptation to cope with climate shocks. For instance, in 2020, 245
nearly 1,500 vulnerable girls, women and youth suffered from politically strict COVID-19 246
lockdowns. They had no choice than to dive, process or retail oysters to escape 247
joblessness and starvation. Thus, oysters empowered the youth to adapt to climate and 248
COVID-19 crises. 249

There is ample evidence regarding the extent oysters indicate climate change and 250
the extent climate influences oyster population, habitat and mortality is substantiated in 251
Figure 1b. This study finds seawater flows linked to the Atlantic Ocean circulation 252
leading to sea level rises and, subsequently, tidal waves as the biggest cause of massive 253
oyster deaths. One important data missing in scientific literature, which this study 254
discovers, is that the current oyster mortality is only measured by divers in the light of 255
dead oysters washed offshore (Doe, 2021; Doe, 2022). The casualty level of premature 256
(“young”) oysters at the microscopic larvae or egg stage is horrifying, which scientists 257

must calculate to illuminate interlinked climate and SDG discourses. 258
259
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Figure 9a: Dangerously rising level of CO, since World War Il (WWII) has ;'{?:rr:egz:saz cst;r;;:rr:;a;:ozno;dﬂppm

impacted on oysters transcending the construction of the Akosombo Dam in
1960s and aggravated by 1980s' catastrophic climate crisis. (i) Oyster
depletion curve, current increasing atmospheric concentration of CO, at
417ppm is sharply downsizing and pushing oysters to approach extinction by
2100. The anthropocene era when sea level rise will be uncontrollably
accompanied by human sufferings. (ii) Oyster restoration curve, rapidly
stabilising temperature at IPCC's 1.5°C as part of successfully achieving the
SDGs by 2030 and/or PCA by 2050 will hedge carbons to limit damage by
seawater contamination emanating from the Atlantic Ocean to save oysters and
its habitats, enabling sustainable oyster ecology and prosperous people.

260
261

Figure 3: Oyster depletion vs restoration curve. Source: Source: (9a) Doe, 2021; (9b) NASA, 2021 262

263

For a tiny section of the respondents, more oysters exist presently than in the past 264
(11.67%). Yet, this research contradicts such a climate denial and agrees with the evidence 265
from the Florida Bay by Weissberger and Glibert (2021). This study contests that 4,000 kg 266
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of harvested oysters per a day or week perceived to justify abundance presently was 267
picked after technically-assisted navigation of a distance of nearly 50km and diving to 268
10m deep. Without even burning fossil-fuel, the same 4,000 kg of oysters could have been 269
hand-picked from 0.25km and 1.41m deep of the river if the oyster population was not 270
dwindled. Oysters had depleted at an alarming ratio of 1:3 in the last 6 decades, 271
demanding proactive climate solutions to stop a glaring oyster extinction catastrophe by 272
2100 (Figure 3). 273

The commitment of government and development actors to limit global warming to 274
1.5°C through the SDGs or Paris Agreement by 2030 or 2050 respectively must be 275
reactivated globally since sea level rise is not only local but also global in character. 276
According to IPCC, from 1901 to 2010, global mean sea level rose by 0.19 [0.17 to 0.21] m” 277
(IPCC, 2013, p. 11). Even during the period of this study, climate-induced sea level rise 278
occurred in Azizanya and Fuveme in November 2021, which was widely published in the = 279
international media such as the BBC and France24 (Doe, 2023; BBC, 2021; France24, 2021). 280
The tidal waves exposed 4,000 people to sustainability crises such as hunger, poverty and 281
insecurity in Anlo communities within the VRE. The repeated climate impacts have left 282
the resilience of the larger coastal ecosystem very fragile. In the coast, the resilient 283
capacity of oyster ecosystem is often manipulated by environmentally diverse 284
parameters, including pH and salinity. 285

At the SDG midpoint, it is important to realise that if climate inaction by political 286
leaders who controlled governance of large coastal ecosystem resources persists, then 287
child labourers and divers’ behaviour in die search for bigger oysters, which often spark 288

eco-conflicts, may aggravate. 289
290
5. Conclusion 291

At a midpoint of critically reflecting on the feasible ways to minimise challenges to 292
accelerate SDG progress, the result of this study has become increasingly imperative for 293
collective understanding of climate issues pertaining to the coastal environments, 294
including VRE. For example, the result clearly demonstrates that 13% of the respondents 295
ever hearing a message about the SDGs is scientifically a progress, but such a progressis 29
not practically encouraging if the entire SDGs is to be achieved by 2030. The main factors 297
responsible for the poor SDG coverage were identified as: (a) inadequate access to SDG 298
information in local languages, and (b) insufficient investment in civic education on the 299
SDGs by responsible government entities. Also, the study finds that the challenges 300
constraining oyster impacts on SDGs are intertwined, which re-echoes the need for 301
multiscalar cooperation and public-private partnership for the SDGs. The Figure 4 302
illustrates non-linear SDG and oyster interactions to buttress the idea that collaboration 303
among institutions and communities is strongly needed to appropriately realign oyster 304
ecosystem services toward the 17 SDG goals and 169 targets. 305

The strong interconnectedness of the SDGs mean that financially investing in one 306
indicator or action will not be enough to remarkably solve climate or socio-ecological 307
challenges to generate optimal eco-benefits in favour of the SDGs. The underlying 308
rationale is that climate heating has negatively damaged coastal ecosystem resources, 309
including oysters, to limit speed of the SDG progress. Clémengon (2021) alerts that 310
financing, for example, is not a panacea to sustainably conserve biodiversity, but 311
elsewhere Lim et al. (2018) reiterates finance as an ideal leveraging ingredient to 312
effectively implement the SDGs, including conservation targeting SDG#13, SDG#14 and 313
SDG#15. In this sense, triangulating the oyster ecology and SDGs reproduces a gamut of 314
overlapping trade-offs and synergies (Pradhan et al., 2017) and dynamics that must be 315
concurrently intervened according to sustainability principles (Berkes, 2007) before the 316
SDG progress can be fast-tracked in its last phase. 317

318
319
320
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Figure 4: SDG interactions in relation to oyster ecosystems. Source: Doe, 2021
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Based on the analysed data, this study evidently states that oyster population is
significantly downsized, unstable and prone to climate change. The rate of coastal
erosions, oyster deaths and biodiversity losses due to combined effects of storm flooding
and ocean effects is alarmingly widening. This result is consistent with marine species
extinction and 33% of coral reefs decline warned by scientists (Rockstrém et al., 2009) and
the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(Clémengon, 2021). The recurrent destruction of oyster habitats and
human-environments by unpredictable tidal waves poses the greatest threat to a greener
and healthier futures at the coast promised by the SDGs. This threat demands a collective
understanding, stewardship and attractive bottom-up partnership that give equal voices
and rights to all actors, including women, to participate in climate governance and SDG
actions. In this sense, five socio-ecological tipping elements and interventions capable of
forcefully transforming SES to enable the SDGs and other common sustainability goals to
succeed are summarised in Table 1. Ideally, the tipping interventions should be
simultaneously implemented alongside the six major transformations needed to realise
the SDGs (Sachs et al., 2019) and the six social tipping interventions suggested to stabilise
the Earth's climate by 2050 (Otto et al., 2020). In sum, how science-based ecological policy,
cooperation and partnership can translate, achieve and sustain real plans and actions
beyond the SDGs deserve transnational scientific research in the nearest future.

Table 1: socio-ecological tipping elements
Tipping interventions
Investing in low-carbon emission boats and safety services
Investing in efficient certifying, processing and packaging
Investing in climate action, SDG education and microinsurance
Promoting transnational cooperation and SDG partnerships
Co-researching innovation to inform interdisciplinary solutions
Advanced skills training in ecological and sustainability sciences
Deploying renewable energy to decarbonise oyster economy
Digitalising, greening and professionalising oyster value chain

Facilitating gender breakthroughs in accessing diving spaces

321
322

323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344



Environ. Sci. Proc. 2023, 5, x FOR PEER REVIEW 9 of 10

Entrepreneurship and Promoting participatory socio-ecological monitoring
eco-innovation Creating oyster reserve as an alternative to closed season
Enhancing oyster product efficiency, circularity and sustainability
Traditional ecological ~ Networking divers, women and youth for SDG learning and exercising stewardship
knowledge and Decentralising climate and SDG information through local authorities
leadership Streamlining community level civil societies, indigenous and youth groups to
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