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New Geographies → Common Property Resources

Transdisciplinary Approaches

 Social-Ecological Systems → Systems Thinking

Global to Global → Local

Inter-Generational Change:

 YOUTH, DIVERSITY, WOMEN, INDIGENOUS

Changes (or Not) in Aquaculture 

in 20 years

Blue Foods Blue Communities Blue Economies



Europe

2010   738 mil

2050   719 mil

North America

2010   345 mil

2050   447 mil

Latin/South America

2010   590 mil

2050   751 mil

Asia
2010  4,164 mil
2050  5,142 mil

Africa
2010   1,022 mil

2050 2,192 mil

Chin et al. Special Section on Population. Science 333: 540-594.
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India has surpassed China as the World’s most populous nation



The Global Village 
of 1000

589 Asia
  125 Africa

 150     Europe, Russia,      
     Mideast

   84     Latin/S. America
   52     North America

714





Homi Kharas and Kristofer Hamel Thursday, September 27, 2018. A global tipping point: Half the world is now middle class or wealthier. 
https://www.brookings.edu/blog/future-development/2018/09/27/a-global-tipping-point-half-the-world-is-now-middle-class-or-wealthier/   

2018 to 2030

5.6 billion  > 2.75 billion
  Middle&Rich      Poor&Vulnerable

https://www.brookings.edu/blog/future-development/2018/09/27/a-global-tipping-point-half-the-world-is-now-middle-class-or-wealthier/


* Asia, Africa Dominate Global Population 

* Rise of China, India Consumer Classes

* Global Population Lives in Mega-Cities - 

40% Along the World’s Coasts (100 km) 

* Migration and Mobility Increasing from 

Desperation (Poverty, War, Violence, 

Climate Crisis)



Radical 

Transformation of 

the Global to Local 

Food Systems – 

Blue Foods – 

Transdisciplinary

Transgenerational

Transformative





Costa-Pierce, B.A. 2023. Ocean food systems and hybrid seafood production: 

Transdisciplinary case studies of cod, eels, salmon and lobster. Sustainable 

Development Research 5(1):31-43. https://doi.org/10.30560/sdr.v5n1p31

https://doi.org/10.30560/sdr.v5n1p31


The overall goal of ecological aquaculture is the adoption by 

societies of an accelerated social license to develop aquaculture 

throughout the World, especially in common property resources in 

aquaculture’s “new geographies”. 

Ecological aquaculture develops “aquaculture ecosystems” 

designed to deliver economic and social profits without irreversible 

environmental or social harms. Such aquaculture ecosystems mimic 

the form and functions of natural ecosystems. They are 

sophisticated, knowledge-based farming ecosystems planned as 

combinations of land and water-based ocean/aquatic plant, 

agronomic, algae, and animal subunits that are embedded into the 

larger context of human social systems. 

Costa-Pierce, B.A. 2021, The principles and practices of ecological aquaculture and the ecosystems approach to 

aquaculture: Concepts with a future in planning for the world’s blue foods and bioeconomies. World 
Aquaculture 52 (1): 25-31.



Ecological aquaculture systems are “aquaculture ecosystems” that mimic the form and functions of natural 

ecosystems. 

Ecological aquaculture is integrated with communities to maximize not only local but also regional economic and 

social multiplier effects in order to provide maximal job creation and training and create “aquaculture 

communities” that are an essential part of vibrant, working waterfronts. 

Ecological aquaculture results in economic profits by practicing trophic efficiency to ensure that aquaculture is 

humanity’s most efficient protein producer. 

Ecological aquaculture results in social profit by integrating aquaculture developments into global fisheries, 

food, and poverty alleviation programs. 

Ecological aquaculture practices nutrient management by using ecosystems design, reuse and recycling, and 

does not discharge any nutrient or chemical pollution causing irreversible damage to natural aquatic or 

terrestrial ecosystems. 

Ecological aquaculture uses native species/strains and does not contribute to "biological" pollution. 

Ecological aquaculture is a global partner, producing information for the world, avoiding the proprietary.



SEAS: Sustainable Ecological Aquaculture Systems

Aquaculture Ecosystems



SEAS: Sustainable Ecological Aquaculture Systems

Inland Aquaculture (“land-based”)

Integrated Aquaculture

Food Systems



Costa-Pierce (2016) from FAO 

(2014)





Integrated Agriculture-Aquaculture Farming Ecosystems





Brummett, R.E. and B.A. Costa-Pierce. 2002. Village-based aquaculture ecosystems as a model for sustainable 
aquaculture development in Sub-saharan aquaculture, p. 145-160. In: B.A. Costa-Pierce (Ed.) Ecological 
Aquaculture: The Evolution of the Blue Revolution. Blackwell Science, Oxford, UK. 







Indonesian Aquaponics Bumina and Yumina



Large Scale Aquaponics in Northern Climates Sizes
m2

Production 
per year

Fish 3,716 72,575 kg
(72.6 MT)

Plants 11,427 816,466 kg
(816.5 MT)

TOTALS 15,143 889,041 kg
(889.0 MT)

@FCR 1.1 x 72.6 MT fish = 
79.9 MT feed yields 889.0 MT FOOD

FEED/FOOD RATIO 0.09 

1 kg feed produces 11.1 kg food





SEAS: Sustainable Ecological Aquaculture Systems

Ocean Aquaculture   Ocean Food Systems





MARINE ALGAE

SEA VEGETABLES!





IMTA

20-30% of

production





Beatrice Wind Farm, U.K.

“Jackets”



Fouling 
control of 

towers
by shellfish

harvests

Submerged 
Aquaculture in lease areas
On and off bottom

Use of towers
for aquaculture?

Diagram from Prof. Bella Buck, AWF, Germany

OLAMUR Institute of Marine Research, 

Norway (Offshore Low-trophic Aquaculture in 

Multi-Use scenario Realisation)

https://cordis.europa.eu/project/id/101094065
https://cordis.europa.eu/project/id/101094065








Scale is one of the most controversial aspects of 

marine aquaculture today 

Scaling issues play a central role in the political and 

regulatory obstacles to advancing marine 

aquaculture

Nearshore oceans are common property 

resource areas



HyperLocal Global

Small  Intensive

Scale 

Do these interact?

Are these in 

conflict?

Can they co-exist?



Common Property Resources

Hardin’s 
Tragedy of the Commons 

vs.

 Ostrom’s 
Enlightened Self Interest

 TRAGEDY OF THE UNMANAGED 

COMMONS! 
 

 



Pilot

Phase

 1

Commercial = “Makes Money”

International Centers 
of Excellence in 

Ecological 
Aquaculture  

Implementing the 
EAA 

Sophisticated models that 

can be replicated



Development Models for 

Scaling Aquaculture Ecological 
Aquaculture Centers 

to Implement EAA 

Pilot

Phase

 1

Commercial = “Makes Money”

“Organize international 

R&D platforms involving 

countries active or 

intending to 

initiate…development 

projects”



Production

Highest

Potential Aquaculture 
Yields

Social

Regulatory

Ecological

Aquaculture & 
Scientific

Community

Aquaculture & 
Environmental 
Communities

Aquaculture, 
Environmental & 

Management 
Communities & 

The Public

Types of Carrying 
Capacity

Tools Used to 
Calculate Carrying 

Capacities

Stakeholders Who 
Define Acceptability

Mass Balance 
or Simulation 

Models

Mass Balance 
or Simulation 

Models

Risk Analysis

Precautionary 
Approach



Most aquaculture 

development occurs in 

rural areas



Need

SeedFeed
Success

!

Aquaculture Business Success



Scale
s

Need = Market

SeedFeed Success

!

Ecosystems
Fisheries

Agriculture

Infrastructure

Ecosystems
Wild 

Fisheries

Opportunity
Costs

Fisheries 
Price & Volume

Society’s Success

Development
Value-added
Knowledge 
economy 

Blue-green 
jobs

Nature

Society



ISFA (2018)





Two, overarching, ethical concepts are embedded into the 

foundation of ecological aquaculture as a field of knowledge 

and community of practice: 

1) The Hippocratic Oath — do no harm to social and 

ecological systems

2) The Precautionary Principle — do not proceed with 

disruptive innovations when comprehensive scientific 

knowledge is lacking. 



https://www.mianpo.org/



The Kaua’i, Hawai’i partnership with Kaua’I Sea 

Farms LLC is located on the southern shores of 

Kaua’I Island in the Hawaiian Archipelago in the 

Central Pacific Ocean. EAF recognizes it is owned 

and located on lands of the Hawaiian Nation 

whose sovereign rights were stolen and sacred 

sites desecrated by colonialism, racism and 

hatred. EAF recognizes the Hawaiian owners as 

distinct, sovereign, legal and political entities 

with self-governance and self-determination.



The Maine, USA office and 2 ha farm of the 

Ecological Aquaculture Foundation is located 

about 1 km inland from the North Atlantic 

Ocean. EAF recognizes it is located on lands of 

the Sokoki Wabanaki Nation whose sovereign 

rights were stolen and sacred sites desecrated by 

colonialism, racism and hatred. EAF recognizes 

the Sokoki and all other Wabanaki Nations 

(Passamaquoddy, Penobscot, Maliseet, Mi’kmaq) 

as distinct, sovereign, legal and political entities 

with self-governance and self-determination.



PRINCIPLES 
OF 

SERVICE

Consider

 PLANETARY

     BOUNDARIES 

Track to The EARTH 

CHARTER and the 

United Nations 

SDGs 

ALL 

ACTIONS

Integrate an entrepreneurial 

mindset to 

business development

building full cost, circular 

bioeconomies

Prioritize 

decolonization 

and inclusion of 

the full panoply 

of human 

diversity



Muchas Gracias !

Thank you ! 

Mahalo !

Tusen Takk !
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