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Mariculture, that is, the cultivation 
of marine organisms (e.g., seaweed) 
for food and other products, is one of 
the fastest growing food production 
sectors in the world.
The commercial importance of mariculture in general 
and seaweed in particular may be attributed to its 
potential as a scalable nature-based solution for food, 
feed, fibre, fuel, and chemicals.

This is especially promising in Southeast Asia where 
the waters are conducive to the large-scale production 
and cultivation of seaweed. The development and 
expansion of the industry is of particular interest 
as it may ensure nutrition and food security while 
strengthening labour demand. 

With Southeast Asia being one of the regions most 
vulnerable to climate change and its cascading effects 
(e.g., food insecurity), there has been an increased 
interest in mariculture as an integrated approach to 
the development of Blue Economy futures, particularly 
with regards to climate change mitigation and 
adaptation as well as ex-ante disaster risk reduction 
and management (DRRM).

This encompasses the complexities and dynamics 
between sustainable development and blue growth in 
the marine economy, including but not limited to ocean 
and coastal zone development and management as 
well as ocean stewardship (of ocean cultures).

Moving forward, we propose the following:

• Frameworks for regulations and policies as well 
as safety standards and capabilities should be 
developed accordingly to ensure worker safety, 
job satisfaction, and occupational multiplicity.

• Establishing blended finance structures for blue 
economy sectors should enable stakeholders to 
pursue financing synergies by leveraging investor 
interest for debt, infrastructure, and private equity.

• Risk-sharing strategies may enable farmers, traders, 
and processors to adapt to the cascading effects 
of climate change-induced stresses. In parallel, 
incorporating testing, standards, and enforcement 
into a sustainable management programme may 
foster closer linkages between stakeholders.

• Modernising research and development (R&D) 
infrastructure that supports ocean exploration 
and characterisation may foster blue development, 
particularly with regards to ocean engineering 
and technology.

This will entail, among other things, multi-interest 
multi-participatory community-based approaches 
with a focus on localisation, appreciative inquiry, and 
behaviour change. Redesigning and co-designing food 
systems in this manner will not only centre Action on 
Food but also increase resilience to the compounding 
cascading impacts of climate change-induced stress 
and extreme weather events.
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Seaweed for Resilience 
and Recovery

Sustainable mariculture development and expansion 
should allow for food security and resilience2, 
particularly for vulnerable populations along the coast 
As a sustainable food source for humans and animals 
(e.g., seaweed-eating sheep3, cattle4, and indigenous 
lambs5), seaweed presents various opportunities to 
ensure the availability of and access to healthy diets, 
particularly in Southeast Asian food cultures where 
seaweed is a staple food. With the renewed focus 
on seasonality and ethical food production, fresh 
and/or regional ingredients that can be sourced 
from seaweed may meet a significant portion of the 
nutritional needs (socially constructed or otherwise) of 
people in the region, thus ensuring nutritional security 
and consequently, food security. 

The industry also presents a unique opportunity for 
innovative business activities and product creation. 
Seaweed biotechnology, for instance, allows for market 
opportunities in priming6, biopackaging7, bioenergy8, 
and bioactive compounds9, among others. With the 
goal of reducing plastic waste, the Indonesian startup, 
Evoware, for one, has developed biodegradable and 
edible packaging from seaweed. Seaweed-based 
alternatives may reduce dependence on plastic as 
well as create spaces for emerging industries based on 
existing raw materials. 

Mariculture development may also provide cultural 
ecosystem services through tourism and destination 
development10. This will not only support economic 
development but also entices repeat visitation. 
Paddling, harvest tours, and kelp scuba diving, for 
instance, have been largely unexplored in Asia. Fishing 
tours and trips (i.e., pescatourism) and Scientific, 
Academic, Volunteer, and Educational (SAVE) 
tourism also offer various opportunities to strengthen 
labour demand. This kind of alternative livelihood 
influences and is influenced by a rich cultural and 
natural heritage that may act as a bridge between 
full-spectrum sustainability and Blue Economy 
Development (e.g., Blue Growth). By ensuring the 
longevity of the tourism industry, resource protection 
and community development may go hand in hand 
through inclusive growth (e.g., equitable distribution of 
income and worker protection programmes).

The industry may also kickstart economic livelihoods 
post-disaster, as exhibited by coastal communities in 

the Philippines after exposure to physical vulnerabilities 
such as natural hazards (e.g., tsunamis and typhoons) 
as well as social and economic vulnerabilities such 
as external shocks (e.g., mobility and communication 
challenges in tourism). In Bantayan, Northern Cebu 
(Santa Fe, Bantayan Proper, and Madridejos), 
The Seaweed Project by Oxfam reinvigorated the 
mariculture industry after Typhoon Yolanda (Haiyan). 
Oxfam not only provided community-based seaweed 
management training (e.g., to manage macroalgal 
disease and water epiphytes) but also provided 
financial assistance through Cash Transfer Services 
This is of particular interest as seaweed, a cash crop, is 
characterised by a growth pattern with a rapid initial 
phase11 and a risk profile that is distinct from agriculture 
and marine aquaculture. It is worth noting, however, 
that seaweed is unlikely to be a replacement to deep 
sea fishing in places like Cebu; it may instead be an 
augmentation – an alternative source of income 
that enables farmers to rebuild and recover post-
disaster. The industry should therefore be able to 
provide various opportunities for long-term financial 
investments, thereby diversifying risk exposure for 
coastal communities.

The Blue Economy through mariculture development 
and expansion thus fosters social and cultural resilience 
as well as environmental sustainability. By empowering 
local and regional decision-making, socially and 
culturally resilient coastal and/or island communities 
are much more likely to be prepared for natural 
disasters and weather events, reducing risks and 
vulnerabilities and avoiding losses and damages along 
multiple scales and scopes. 

It is worth noting, however, that full-spectrum 
sustainability in the mariculture industry cannot be 
achieved without a consideration of tribal fishing 
rights and centring of indigenous and/or traditional 
knowledge systems. The levels of influence of culture 
and/or tradition and its interactions with customer 
engagement (with products and services) highlight 
the importance of taking a top-down, bottom-up, and 
middle-out approach to the value chain. The global 
stakeholder vision must first and foremost consider 
ownership of the resource, including but not limited to 
traditional community systems and cultural, historical, 
and familial issues. 

Current Status of the 
Mariculture Industry

In 2020, global seaweed production accounted for 36 
million tonnes (wet weight) of the total aquaculture 
tonnage (214 million tonnes), of which 97% was 
commercially farmed seaweed whereas 3% was 
sourced from natural (i.e., wild) stocks. 

To date, the development of the farmed seaweed 
industry has been concentrated and consolidated 
in Asia. The region accounted for 97% of the global 
market share of USD 16.5 billion, wherein Indonesia, 
Philippines, and Malaysia produced 27.86, 4.20, and 
0.53%, respectively1. Agar, alginate, and carrageenan 
cultivation and production drives the development of 
the industry. Eucheumatoid seaweeds Kappaphycus 
and Eucheuma were among the most prevalent 
species, with demand and supply of seaweed-derived 
extracts tailored towards fulfilling 40% demand in the 
global hydrocolloid and extract market. 

It is worth noting, however, that price is the determining 
factor in Southeast Asian market competitiveness. With 
a market characterised by price volatility as a result of 
seasonal production patterns and changes in trading 
relationships (e.g., buying power of international 
currency), farmers may be unable to earn sustainable 
incomes, much less receive equitable remuneration

In other words, while seaweed farming can lift island 
and/or coastal households above the poverty line, it 
is not guaranteed because of inequities and concerns 
surrounding welfare, displacement, and patron-
client relations.  Nonetheless, the introduction of Blue 
Economy futures has resulted in a renewed focus in the 
mariculture industry as a means to increase resilience 
to the compounding cascading impacts of climate 
change-induced stress and extreme weather events 
on food and water security. By deepening regional 
integration, the Association of Southeast Asian Nation 
(ASEAN) Member States (AMS), may begin to pave the 
way for equitable, inclusive, and sustainable growth 
in the Blue Economy, in accordance with the national, 
regional, and international dynamics surrounding the 
sustainable development goals. 
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This may be further exacerbated by the reliance of 
farmers on upstream traders and processors with 
access to seaweed markets (e.g., prices as well as cash 
and/or credit) and market infrastructure (e.g., cold 
chain and transport facilities and infrastructure as 
well as support facilities). Because of this, coastal and 
marine zonation and regulatory processes as well as 
other coastal resource management programmes must 
be reassessed accordingly. 

In précis, the underinvestment in industry and the 
fractured and unequitable state of the value chain 
prevents the Blue Economy from fulfilling its promise 
of promoting ecosystem resilience. The management 
and organisational structure of the mariculture 
industry should be realigned with the needs of local 
communities through community-based approaches 
(e.g., cooperatives) and sustainable natural resource 
management. Diversifying traditional small-scale 
fisheries should not only enable farmers to diversify 
their product offerings but foster equity (e.g., through 
year-round employment to employees, equitable 
remuneration, and poverty alleviation). This is because 
resilience in diversified fisheries would stem from small-
scale and/or local market activities rather than relying 
on export markets. 

Strengthening market power and ensuring market 
participation, particularly in post-processing, should 
therefore address the concerns surrounding the 
marginalisation of farmers and the resulting weak 
participation in governance. By aligning with regional 
food and coastal management goals, the seaweed 
marketing system may begin to alleviate the pressure 
on farmers to produce higher quality seaweed(at 
mixed average prices) demanded by processors 
Resource-based livelihood-focussed interventions, 
then, may be able to address the physical and social 
vulnerabilities that may arise from environmentally 
damaging behaviours and livelihood strategies. 

Market Dynamics 
in the Region

Seaweed cultivation significantly reduces the effects 
of ocean acidification and deoxygenation12 as well 
as eutrophication13; however, due to the varying 
demands on ecosystem resources, farm level choices 
and management as well as systemic country-specific 
conditions will influence environmental performance 
and consequently, farm productivity and success. 
In other words, the competitiveness of the market 
influences and is influenced by market dynamics. 

The concentration and consolidation of the market 
undermines the farm and farmer by exacerbating the 
impacts of market risks and unequal market power. 
This lack of access to markets is further compounded 
by the lack of bargaining power wherein farmers 
are not on equal terms with market intermediaries 
and participants in terms of negotiating capacity. 
This may lead to farmers missing out on returns from 
the value added to seaweed post-processing (e.g., 
agar, alginate, and carrageenan). The prioritisation 
of market and economic needs may also lead to 
further complications with regards to poor uptake of 
technology and unsustainable farming practices as the 
absence of biosecurity measures and lack of quality 
assurance and standards control exacerbate price 
volatility and supply chain congestion. 

Furthermore, changes in regulations (e.g., international 
trade restrictions and regulations), which have 
resulted in high production expenses and transaction 
costs, may prevent farmers from diversifying their 
livelihoods (i.e., on-farm diversity). This may result in a 
tendency to view initiatives for fisheries diversification 
as job substitution rather than augmentation and 
household risk management strategy. Accordingly, 
the perceptions (i.e., subjective awareness) of risk 
(i.e., resource-related factors) and commercialisation 
(i.e., livelihood strategy-related factors) of traders, 
processors, and governments prevent farmers from 
participating in livelihood diversification and accessing 
alternative employment niches. Moreover, as seen in 
Malaysia, farmers’ perceptions of risks associated with 
farm management hinder their ability to implement 
biosecurity prevention and mitigation measures. 
This highlights the importance of translating policy 
into practice by communicating technological and 
methodological advances to farmers and other 
stakeholders in a timely manner14.

Farmers are also underserved by financial services. 
Their limited access to financial products (i.e., credit 
supply/credit flow) and lack of investment opportunities 
further prevents them from participating in the market, 
highlighting the need to improve connectivity across 
the value chain through robust transport networks 
and logistics15. Food and/or nutrition assistance 
programmes, for one, may be necessary to ensure 
the fair access and distribution of seaweed products. 
This may be supported by procurement practices 
management frameworks that prioritise local seaweed 
and/or seaweed-based products. 

Such interactions between market dynamics and 
policy/politics would be of particular interest for 
vulnerable populations such as migrant workers, which 
accounts for 90–95% of the industry workforce16. In the 
East Malaysian context, for instance, Indonesian and 
Filipino migrants in Sabah (Sandakan and Tawau) 
make up a significant proportion of the industry. 
Because of the nature of their position as migrant 
workers, there is an unaswered question regarding their 
exact population distribution as the vast majority of the 
migrant population in Malaysia are left undocumented.

This means that, despite their role in upstream and 
downstream activities, they are left unaccounted 
for in policies (i.e., regulations and incentives) for 
development and diversification, including but not 
limited to aspects related to legal, financial, and 
institutional factors17. As a result, undocumented 
migrant workers are constrained by both market and 
power dynamics, resulting in further diseconomies 
(i.e., economic disadvantage).

Moreover, the economic returns of farming different 
types of seaweed vary significantly; however, this 
has largely been unexplored in academia and the 
industry. This is because poor governance and the 
lack of government support needed for development 
and diversification has led to industry stagnation. For 
instance, sources of conflict between farmers and 
fishermen has resulted in poaching, among others, 
due to the absence of zoning ordinances (with regards 
to farm location and density) and uncertainties 
surrounding the acquisition of permits for construction 
This not only depletes natural resources and impacts 
farm productivity (e.g., seeds stocks) but also causes 
financial losses to the farm and farmer.
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Responses to 
Climate Change

The development and expansion of the mariculture 
industry is occuring in parallel with accelerating climate 
change and extreme weather events. As a result, 
changes in warming and precipitation trends may 
make coastal and marine resources and ecosystem 
processes vulnerable to climate change-induced stress18. 

To date, five genera (i.e., Undaria, Porphyra, Gracilaria, 
Saccharina, and Eucheuma or Kappaphycus) 
represent 98% of the world’s cultivated seaweed 
production. These monoculture systems are susceptible 
to macroalgal disease and pest outbreaks19, which 
may be further constrained by changes in grazing 
pressure (i.e., invasion impact and success)20. Failing to 
reach their genetic potential, the interference results 
in the scarcity of good quality cultivated varieties 
or strains. The lack of genetic and physiological 
diversity in seedlings also makes seaweed much 
more vulnerable to changes in the environmental 
context (e.g., light, salinity, and temperature as well as 
nutrient requirements)21. This was especially true in Bali, 
Indonesia, wherein production from 2016 through 2017 
decreased by 99% as a result of a climate change-
induced bacterial infestation called ice-ice disease.

The vulnerabilities faced by farm and farmer may be 
further exacerbated by the compounding cascading 
effects of climate change-induced stress, including but 
not limited to: biodiversity loss, altered species lifestyle, 
and disruption in the marine food chain. Habitat 
and biodiversity loss because of rising temperatures, 
for instance, may lead to a decrease in native, 
threatened and/or endangered species abundance 
and an increase in nonindigenous species invasions22. 
In addition, weather conditions (inside and outside 
the typhoon belt) such as heavy monsoon rainfall 
and flooding may compound existing quality issues 
from poor drying equipment and techniques. This 
is of particular concern as the seaweed prices are 
dependent on moisture content (i.e., the drier the raw, 
dried seaweed, the higher the value). These direct 
climate hazards contribute to the uncertainty over 
yields, which may limit and/or prevent farmers, traders, 
and processors from undertaking higher-income 
market activities. 

It is also worth noting that the interactions between 
climate change-induced stress and extreme weather 
events may result in even further food and water 
insecurity, thereby driving greater political and 
economic instability (i.e., policy involution, that is, 
a process driven by growth and development that 
is occuring in parallel without the necessary support 
measures that ensure access and/or availability 
and consequently, procedural and/or distributional 
justice) as well as national, regional, and international 
insecurity. Coupled with the impacts of heatwaves 
and drought, agricultural losses from pests and 
diseases and saltwater encroachment at coasts may 
drive climate-change induced famine and market 
destabilisation, compounding existing deficiencies of 
macronutrients and micronutrients prevalent amongst 
vulnerable populations (e.g., women and children). 
The UK government estimated that there is an 80% 
chance this century of an abrupt loss of 10% of global 
food production23. Nutrition-specific interventions such 
as the fortification of staple food with seaweed and/
or seaweed-based products, which contain dietary 
fibre, ω-3 fatty acids, and essential amino acids24, may 
thus be a promising means to mitigate the impacts 
of nutrition and/or food insecurity. Such climate tail 
risks to the sector therefore highlights the need for 
early ecosystem consideration and the integrated 
management of environmental service delivery in 
mariculture development and expansion22. 
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Blue Workforce
The mariculture industry offers various possible 
direct and indirect jobs in the formal and informal 
adaptation and resilience workforce. Frameworks for 
regulations and policies as well as safety standards 
and capabilities should be developed accordingly 
to ensure worker safety, job satisfaction, and 
occupational multiplicity. This will require context-
specific solutions from a gendered perspective25. The 
gender-based power dynamics and cultural values of 
decision making, particularly in downstream activities 
(e.g., divisions of labour and economic access), will 
have to be reassessed and redefined through gender 
mainstreaming. In other words, the mariculture industry 
will need to account for gender norms and respective 
power dynamics in order to adapt appropriately to the 
various contexts in which it seeks to grow. 

The process should enable gender transformative 
development within and between communities, 
allowing households and communities to be non-
discriminating structural environments for industry 
development and diversification. This may be 
accomplished by incorporating various multi-scalar 
political, economic, and environmental factors, 
particularly at a household benchmark (i.e., family 
structure and inter- and intergenerational household 
interactions). As such, by centering the complex 
interactions of gendered manners of reference 
in gender-transformative approaches (GTA), 
environmental justice and industry expansion may be 
achieved through synergistic and/or complimentary 
programming for Blue Development. 

Closing the technology and knowledge gap through 
partnerships should also be prioritised. This may be 
achieved through capacity building and infrastructure 
development as well as the establishment of 
monitoring, evaluation, assessment, and accountability 
procedures. Capacity building programmes and 
agricultural support mechanisms such as extension 
and technical support services may provide farmers 
with technical knowledge and skills to not only enrich 
their skill sets but also differentiate themselves from 
competitors. Training and education for special 
personnel in specialised seaweed cultivation systems, 
for instance, may enable seaweed farmers to expand 
their production plans into offshore enterprises. 

Blue Finance
Mobilising institutional impact investing through 
reorienting and aligning global finance towards 
increased funding in seaweed research and 
development should enable blue development, 
including but not limited to the following modalities: 
energy, materials, and resource efficiency as well as 
technology and knowledge transfer. 

Establishing blended finance structures (e.g., investor 
matchmaking, expansion expenditures, and collective 
initiatives) for blue economy sectors (e.g., seaweed 
processing, green shipping, and green ports) may 
enable stakeholders to pursue financing synergies by 
leveraging investor interest for debt, infrastructure, 
and private equity. Infrastructure development, in 
particular, not only presents various opportunities for 
investments into Southeast Asian Poverty-Environment 
Action priorities but also in private capital. The benefits 
of de-risking portfolios with blended blue and/
or climate finance may cascade into other market 
segments (e.g., destination development and energy 
portfolio diversification), thereby achieving sectoral 
growth and various sustainable development goals 
simultaneously. This is especially promising as Strategy 
2030 of the Asian Development Bank continues to 
fund projects in the region that build climate and 
disaster resilience, including but not limited to initiatives 
surrounding Strengthening Cooperation on Disaster 
Risk Management within the Association of Southeast 
Asian Nations and Building Coastal Resilience through 
Nature-Based Integrated Solutions. 

It is worth noting, however, that the conduciveness of 
the investment climate (e.g., investment-grade projects 
and offerings) may determine the competitiveness 
of mariculture industry, particularly with regards to 
the competitive position and/or pricing of seaweed 
products. As such, to ensure price competitiveness, 
a knowledge-based planning protocol such as a 
comprehensive fisheries market information system 
(FMIS) may be necessary for the timely dissemination 
of information to relevant stakeholders. This may entail 
the development of extension services and/or market 
promotion and advisory services. 

Policy 
Recommendations

The industry is characterised by a concentrated 
and consolidated market, wherein the external 
diseconomies along the supply chain are compounded 
by climate change-induced stress and extreme 
weather events. Consequently, further developments 
in farming practices and market participation may be 
needed to empower farmers to develop products other 
than raw, dried seaweed.

Allowing farmers themselves to break into the markets 
of food, feed, fibre, fuel, and chemicals may enable 
them to have a higher and more stable income. 
This may be achieved through control measures 
such as regulatory policy frameworks and enforcing 
mechanisms that account for the structure/s of 
stabilising stocks (e.g., food supply) and flows 
(e.g., transport and distribution networks).

This may include regional fishery policies and/or 
common or coordinated positions in biosecurity, market 
design, supply chain resilience, agricultural support 
mechanisms, and technological and/or methodological 
advances as well as risk assessment and driver 
identification. The question of developing regional 
policy frameworks and international instruments that 
foster regional integration and cooperation at the 
ASEAN level such as the ASEAN General Fisheries Policy 
(AGFP) is thus worth further consideration.
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Blue Research
Modernising research and development (R&D) 
infrastructure that supports ocean exploration and 
characterisation may foster blue development, 
particularly with regards to ocean engineering and 
technology (e.g., seabed mining and marine critical 
minerals) and coastal and maritime tourism (e.g., citizen 
science programmes). The industry should facilitate the 
research and development of farming and/or cultivation 
techniques, production plans, and waste banks that 
utilise the full plant (i.e., cascaded valorisation). 
The verification and extension of farming techniques  
for Caulerpa spp. (C. lentillifera and C. racemosa), 
in conjunction with advances in genetic characterisation 
and gene banking, for instance, may open up new 
market opportunities for edible seaweed products from 
native and/or local pro-poor farmed commodities. 

Because seaweed is a blue carbon sink and energy 
source, integrating multi-purpose designs of seaweed 
cultivation systems into nationally appropriate 
mitigation actions (NAMAs) in other enterprises 
may present additional development co-benefits. 
This is because maintaining physical assets 
(through industrial symbiosis) such as platform 
models simultaneously strengthens environmental 
profiles and reduces environmental footprints of 
the industries involved. Offshore enterprises such 
as offshore wind farms co-located with seaweed 
cultivation systems, for instance, may be a promising 
mitigation and adaptation measure. It may also 
be promising to expand mariculture development 
into marine protected areas as integrated multi-
trophic aquaculture (IMTA) allows for circularity at an 
ecosystem level, fostering balanced ecosystems and 
creating opportunities for economic diversification. 

The industry may also significantly contribute to energy 
portfolio diversification and consequently, energy 
independence and security, as it has been found to be 
a promising biomass feedstock for anaerobic digestion 
(biogas) and fermentation (bioethanol)8. By potentially 
reducing energy import dependency, instability in the 
energy supply may be addressed, which may pave 
the way for net-zero investments towards the energy 
transition. That said, seaweed biomass feedstock 
currently entails higher costs than terrestrial biomass 
feedstock, and as such, further research is needed 
to determine the technical feasibility and economic 
efficiency of such investments. 

Blue Planning
Technical and economic challenges and risks may 
arise from environmental impacts such as nutrient and 
chemical water column pollution26 as well as habitat 
destruction27; accordingly, grazing pressure, macroalgal 
pathogens, heavy metals accumulation and invasion 
impact and success must be monitored and assessed 
through monitoring, control, and surveillance (MCS) 
schemes and proactive risk-based spatial planning 
as well as an ecologically critical area declaration, 
where appropriate. 

It is also worth noting that heavy metals accumulation 
may result in increased risk of toxicity further along the 
marine food chain28. The food safety risk of seaweed 
must therefore be guided by a comprehensive 
biosecurity (e.g., Progressive Management Pathway for 
Improving Aquaculture Biosecurity (PMP/AB) and food 
safety framework (e.g., ASEAN Food Safety Regulatory 
Framework). This may include developing safety 
regulations for the handling, storage, and processing 
as well as post-harvest management and distribution 
of seaweed. The framework may also provide 
guidelines for testing for trace minerals, identifying 
notifiable pathogens, and creating a reporting 
system for outbreaks, among others. By establishing 
Regional Seaweed Research Network, a Code of Good 
Aquaculture Practices (GAqP) and other industry-
wide standards for biosecurity and early diagnostic 
procedures may also be designed and implemented to 
ensure effective pathogen management.

Policy 
Recommendations

Blue Markets
Market disruptions from external shocks such as 
the coronavirus pandemic exacerbated existing 
inequalities and pressures between and within 
vulnerable groups in coastal communities. Accordingly, 
industry stakeholders should develop an integrated 
risk management and/or marketing system that 
can manage risks (e.g., Transboundary Aquatic 
Seaweed Diseases (TASDs)) and transmit price/grade 
differentials, particularly with regards to fluctuations 
in prices and changes in supply and demand of raw 
materials. Risk-sharing strategies (e.g., financial risk 
management tools) may enable farmers, traders, and 
processors to adapt to the cascading effects of climate 
change-induced stresses. Increased institutional 
support through commodity price risk management 
(i.e., hedging), for instance, may allow farmers to 
protect themselves from the financial risks and/or 
losses associated with starting and/or expanding a 
seaweed farm. In parallel, governments should adopt 
procurement preferences for seaweed products while 
increasing flexibility in production, transportation, 
and deployment along the supply chain. This 
may include tailoring and blending subsidies and 
incentive programmes (e.g., grants, rebates, and loan 
programmes) as well as supporting mechanisms (e.g., 
insurance schemes and other parametric solutions) to 
Southeast Asian Poverty-Environment Action priorities. 

Moving towards a social–ecological system, coastal 
communities can promote resilience through 
community-managed marine reserves (i.e., commoning 
and cooperatives), among others, thus diversifying 
existing limited global commodity chains. A science- 
and community-based approach to an integrated 
supply chain would not only improve the marine 
environment through assisted natural regeneration 
(ANR) but also enable farmers to move up the value 
chain. The productive partnership between farmers 
and processors should be able to advance upstream 
and downstream processing systems that centre the 
priorities of the farm and farmer. As such, through 
the consolidation of the market, transportation and 
trading margins may be absorbed by means of direct 
supply chains to processors, thereby increasing the unit 
value of the product offering at the household level. 

Blue Governance
Incorporating testing, standards, and enforcement 
into a sustainable management programme may 
foster closer linkages between the aquaculture 
industry (i.e., farmers, traders, and processors) and 
governments, associations, conservation groups, 
and the research community. This may be achieved 
through the adoption of participatory processes 
that facilitate stakeholder engagement as well as 
intergenerational and intragenerational dialogue. 
This may entail channelling support for long-term 
investments through carbon capture initiatives and 
biodiversity enhancement, among others. By utilising a 
multisectoral approach and improving market access 
through development, diversification should be able 
to encourage partnerships between and within formal 
and informal networks. This may then reduce barriers 
to entry and exit. 

Moreover, the improvement of governance (i.e., law 
enforcement and monitoring activities) through 
institutional integration may involve standardising 
regulatory frameworks, including but not limited to 
natural and cultural resources and historic properties 
protection as well as the allocation of access and 
tenure rights to land and marine resources. This may 
entail resolving jurisdictional gaps and overlaps in 
policy, planning, and practice. 

Government support measures and social protection 
schemes may also enhance adaptive capacity and/or 
resilience, particularly with regards to implementation 
and evaluation phases. For instance, to guarantee 
access to high-quality seeds, governments should 
consider building seed stocks and nurseries to maintain 
genetic diversity in cultured varieties. Conserving wild 
populations through no-take zones and developing 
indigenous strains and/or varieties for commercial 
cultivation may also help maintain genetic diversity in 
wild stocks. Such schemes may be further supported 
by marine and coastal resource management systems 
(e.g., cultivation techniques and farming practices) 
that sustain and enhance the quality and quantity of 
resource species. 
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Implications for the 
Blue Transformation

The mariculture industry may be a driving force 
needed to advance the Blue Transformation. As an 
integrated approach to development that Leaves No 
One Behind (LNOB), it may bridge the gaps within 
and between the sustainable development goals, 
particularly with regards to Gender Equality (SDG 5) 
and Life Below Water (SDG14). 

Moving forward, the success of the industry will have to 
be informed by the material and physical dimensions 
and social dynamics/cultural politics of seaweed. 
To achieve this, the mariculture industry should 
prioritise the development and diversification of the 
industry through a transformative and/or restorative 
market design. This will entail, among other things. 
multi-interest multi-participatory community-based 
approaches with a focus on localisation, appreciative 
inquiry, and behaviour change. Redesigning and co-
designing food systems in this manner will not only 
centre Action on Food but also increase resilience 
to the compounding cascading impacts of climate 
change-induced stress and extreme weather events.
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