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I. Introduction: Aquaculture in a World of Sustainable Development 
 
In 1987, the publication of Our Common Future, a report by the World Commission 

on Environment and Development, globalized the use of the term “sustainable 

development.”1  The concept of sustainable development was further formally accepted 

“as the goal of modern economy,” in conjunction with a compromise between the North 

and South countries, during the Rio “Earth Summit” in 1992.2  Sustainable development 

has been understood in terms of a number of environmental impacts since Rio, including 

agricultural development, deforestation, and marine life.  Most currently, the development 

of aquaculture has caused concern about the balance between sustainability and 

development, particularly in a world that is losing much of its wild fish supply.3  By looking 

to the key elements of sustainable development, as defined by Andrew Dobson, I examine 

the problems of implementing aquaculture under participation, environmental protection, 

and environmental-economy integration.4  I further look to laws and policies across the 

United States and the globe to decipher those forms of development in the aquaculture 

industry that successfully follow the guidelines of sustainable development, as defined 

within Dobson’s key elements.  Ultimately, I attempt to provide sufficient solutions to 

having aquaculture as an internationally sustainable industry as it continues to develop in 

the future.   

Although my study looks to the international implications of aquaculture, the 

effects can be directly correlated to the discussing of legislative changes regarding 

aquaculture within the Great Lakes of Michigan.  Michigan contains one of the largest 

freshwater sources, which can either be successful in creating a sustainable aquaculture 

system or collapse with an environmental disaster due to the expansion of the aquaculture 

industry.  As such, the international perspective can be duplicated on a smaller scale in 

relation to the Great Lakes and state law.    

                                                        
1 DAVID HUNTER, JAMES SALZMAN, & DURWOOD ZAELKE, INTERNATIONAL ENVIRONMENTAL LAW AND 
POLICY 144 (5th ed. 2015). 
2 Id. at 169. 
3 David VanderZwaag, Gloria Cao, & Mark Covan, Canadian Aquaculture and the Principles of Sustainable 
Development: Gauging the Law and Policy Tides and Charting a Course, 28 QUEEN’S L.J. 279 (2002). 
4 Michael Jacobs, Sustainable Development as a Contested Concept, in FAIRNESS AND FUTURITY 23-30 
(Andrew Dobson ed., 1999), reprinted in INTERNATIONAL ENVIRONMENTAL LAW AND POLICY 170-73 
(2015). 



 

II. What is Aquaculture? 
 
Aquaculture, more commonly known as fish farming, is the equivalent of 

agriculture, in which fish are farm raised, in most cases for consumption.5  This form of 

harvesting and growing fish was pioneered in China thousands of years ago, particularly 

for the production of fish, crustaceans, mollusks, and aquatic plants.6  As environmental 

degradation led to significant declines in wild fish stock, following the population and 

economic increases after World War II, aquaculture quickly developed as a commercial 

industry, specifically in Asia.7   Growing populations have led many developing, as well 

as developed nations to have a growing concern for food security.  Aquaculture can use a 

small area of land to produce large amounts of food or can be integrated into a coastal 

region in which the wild fish supply has been completely depleted.  As a result, the 

aquaculture industry is ideal for those countries seeking a consistent food source.  In the 

past fifty years, aquaculture has grown more than any other agricultural segment, growing 

from less than one million tons to 59.4 million tons in 2004.8  Although the global 

production of aquaculture seems to have relatively tapered, with 52.5 million tons produced 

in 2008, the industry will continue to grow due to an international lack of regulatory 

management, an increase in demand for seafood, and dwindling fish populations.9  

Currently, about half of the seafood consumed globally is from fish farms, and with 

growing populations this number is likely to increase.10  

Aquaculture is produced within a number of facility types, resulting in further 

confusion as to how the industry should be regulated or what environmental impacts may 

be caused.  Ocean based facilities producing marine aquaculture, or mariculture, result in 

particular international and federal legal conflicts due to their locations.11  As ocean-based 

                                                        
5 REGINAL M. HARRELL, MD. INST. FOR AGRIC. & NAT. RES., PUB. NO. UM-SG-MAP-91-01, WHAT IS 
AQUACULTURE (1991), http://www.mdsg.umd.edu/sites/default/files/files/What_is_Aquaculture.pdf. 
6 See U.N. FOOD & AGRIC. ORG., THE STATE OF THE WORLD FISHERIES AND AQUACULTURE 2010 pt. 1 (2010), 
http://www.fao.org/docrep/013/i1820e/i1820e.pdf. 
7 KATHRYN WHITE ET. AL., SEAWEB AQUACULTURE CLEARINGHOUSE, AT A CROSSROADS: WILL 
AQUACULTURE FULFILL THE PROMISE OF THE BLUE REVOLUTION? 6 (2004), 
www.seaweb.org/resources/documents/reports_crossroads.pdf   
8 U.N. FOOD & AGRIC. ORG., THE STATE OF THE WORLD FISHERIES AND AQUACULTURE 2006 5 (2006), 
ftp://ftp.fao.org/docrep/fao/009/a0699e/a0699e.pdf. 
9 WHITE ET AL., supra note 7, at 6. 
10 See U.N. FOOD & AGRIC. ORG., supra note 6. 
11 Jeremy Firestone, Willett Kempton, Andrew Krueger & Christian E. Loper, Article, Regulating Offshore 
Wind Power and Aquaculture: Messages from Land and Sea, 14 CORNELL J.L. & PUB. POL’Y 71, 74 (2004). 

http://www.mdsg.umd.edu/sites/default/files/files/What_is_Aquaculture.pdf


 

facilities, mariculture often occurs in portions of the ocean with a lack of control or 

regulation from any particular sovereign nation.  As a result, there is dispute as to who is 

responsible for regulating such facilities and whether continuing facilities of this nature is 

sustainable.  Due to harsh weather environments, lack of regulation or control, and a 

sensitive ecosystem structure, mariculture facilities can easily be damaged themselves, or 

cause damage to the environment.  In terms of an economic perspective though, these ocean 

facilities produce half of the seafood consumed worldwide, and are likely to increase, 

particularly in developing countries with increased use of technology.12   

Other forms of aquaculture facilities include freshwater ponds, estuaries, land-

locked facilities, and recirculating aquaculture systems (RAS).13  Although many of these 

options lead to less legal conflict and are more stable in terms of a sustainability standpoint, 

improper management and a lack of regulation can lead to negative consequences, for the 

industry and the environment.  One of the most sustainable and stable facilities is the 

recirculating aquaculture system, a closed-loop system that re-uses water and is solely a 

land-based farm.14   Such sustainable land-based facilities may be an environmentally 

friendly alternative to the average mariculture production facility, but are often dismissed 

for more conventional, and possibly damaging production formats. In terms of facilities, 

the United States, as of 2005, had 48,003 aquaculture ponds, 415 freeway facilities, and 

315 farms using tanks, vats, and vaults for their fish farming.15  Only 415 RAS were present 

in the United States at that time and more unsustainable options have continued to flourish 

as the years have passed.16  Unfortunately, as nations seek easy access to food security and 

focus on the economic benefits of their development, they lack the understanding that 

aquaculture is not naturally a sustainable process.  Without proper control mechanisms and 

proper knowledge about the process, aquaculture can result in dead and diseased fish that 

are dangerous to health and an economic burden to the business.  

                                                        
12 See U.N. FOOD & AGRIC. ORG., supra note 6. 
13 Id. 
14 See What Is a Recirculating Farm?, RECIRCULATING FARMS COAL., www.recirculatingfarms.org/what-is-
a-recirculating-farm (last visited Oct. 25, 2015). 
15 NAT’L AGRIC. SERV., U.S. DEP’T OF AGRIC., METHODS USED FOR AQUACULTURE PRODUCTION BY STATES 
AND UNITED STATES: 2005 (2005), 
www.agcensus.usda.gov/Publications/2002/Aquaculture/aquacen2005_06.pdf.  
16 Id. 



 

Ultimately, aquaculture is a very lucrative and economically driven industry across 

the world in developed and developing countries.  The United States, for instance, is ranked 

thirteenth in total aquaculture production, while China, India, Vietnam, Indonesia, 

Thailand, Bangladesh, Norway, Chile, Philippines, Japan, Egypt, and Myanmar are known 

for the highest production rates.17  There seems to be a correlation between those countries 

with a steadily growing population and an increase in aquaculture production.  Many 

collectivist countries, such as China, are heavily focused on creating a self-sustaining 

society within its borders, especially in terms of basic needs such as food security.   

In addition to this security, the industry brings in a substantial amount of income 

for those within the business, as well as nations that collect appropriate fees through 

permitting processes.  In 2004, the aquaculture industry represented a $70.3 billion value 

and continues to increase.18  Such an increase of aquaculture internationally will arguably 

result in large revenues and numerous job opportunities for those countries that continue 

to operate and expand their aquaculture production.19  This could particularly be beneficial 

for those developing nations attempting to not only financially benefit their country, but 

also provide basic needs for their citizens.  The job creation and economic benefits can be 

rewarding, especially for coastal nations.  For example, the state of Maine, in the United 

States, has a successful aquaculture industry that employs 250 individuals and generates 

$82 million in sales and revenue.20  If the entire United States was able to take advantage 

of the aquaculture industry, there could be a generation of up to 12,500 jobs and over $4 

billion in sales. 

Although aquaculture is most popularly known as a food source associated with the 

growing demand for seafood, the industry also provides a number of commercial goods.  

Fishmeal and fish oil are used in products including fertilizers, pet and poultry food, and 

feed for other aquaculture industries.21  Many developing countries view aquaculture as a 

way to feed their growing populations while increasing commercial production of other 

goods.  In developed countries, like the United States, other agricultural industries are 

                                                        
17 See U.N. FOOD & AGRIC. ORG., supra note 6. 
18 Firestone et al., supra note 11, at 74. 
19 Id. at 74-75. 
20 FRANK O’HARA ET AL., ECONOMIC IMPACT OF AQUACULTURE IN MAINE 2 (2003). 
21 Ann Powers, Farming the Ocean, 22 FALL NAT. RESOURCES & ENV’T 45 (2007). 



 

pushing for the expansion of aquaculture in order to expand their own industry.  The 

American soybean industry, for example, is a large proponent of aquaculture domestically 

and abroad.22  The soybean industry has spent large sums of money on research and testing 

to increase the amount of soy in fish diets.23  Today, China is the largest importer of United 

States soybeans, using much of its imported product in the aquaculture industry.24  

 
III. Reduction in Wild Seafood Supply 
 
As the world population continues to grow and people become more conscious of 

their food choices, more and more people are looking to seafood as a healthy source of 

protein.  According to the United Nations Food and Agriculture Organization (“FAO”), 

fish provides twenty percent or more of the animal protein for more than 2.6 billion 

people.25  As a result, in the past decade, the demand for seafood has surged almost 50 

million tons.26  Such a surge has resulted in drastic reductions to the wild seafood supply, 

particularly as a result of environmental degradation and over fishing.  Specifically, 

subsidies provided by a variety of governments and a lack of regulation within these 

nations supports the over-fishing of these wild fish stocks.  The total world supply of wild-

caught fish has generally been stable at approximately 88 million tons since 1985,27 but 

determining the stability of this supply is difficult due to the impractical nature of counting 

wild animals living in a vast ocean space.  The FAO has found that 88 million tons is the 

globally sustainable limit of harvesting wild fisheries, stating, “catches in the wild are still 

high, but they have leveled off, probably for good.”28  Although FAO appears to have 

proper information as to the amount of wild fish caught each year, there is no guarantee 

that each nation is properly documenting their catches or providing all of this information 

to the FAO each year.  Further, as discussed, such a determination of the remaining wild 

fish supply is difficult to determine.  Due to this depletion of wild fish supplies, aquaculture 

                                                        
22 Id. 
23 Id. 
24 Id. 
25 U.N. FOOD & AGRIC. ORG., THE STATE OF THE WORLD FISHERIES AND AQUACULTURE 2004 146 (2004), 
ftp://ftp.fao.org/docrep/fao/007/y5600e/y5600e00.pdf. 
26 Id. 
27 Id. at 5. 
28 U. N. Food & Agric. Org., Nearly Half of All Fish Eaten Today Farmed, Not Caught, FAO NEWSROOM 
(Sept. 4, 2006), http://www.fao.org/newsroom/en/news/2006/1000383/index.html.  

ftp://ftp.fao.org/docrep/fao/007/y5600e/y5600e00.pdf
http://www.fao.org/newsroom/en/news/2006/1000383/index.html


 

has increased, providing food supplies for consumption and allowing wild fish stock to 

become more stable.  The possibility of stabilizing wild fish stock by reducing pressure on 

the wild fish demand is arguably sufficient reasoning for the continued growth of the 

aquaculture industry.  In 2006, aquaculture supplied 43 percent of the seafood consumed 

by humans, and that percentage continues to grow each year.29 

As stated previously, the largest aquaculture producers are countries in Asia and 

Latin America, accounting for 90.7 percent of production in 2002, with China producing 

71 percent alone.30  Many of these countries, particularly in coastal regions, have accounted 

for the depletion of wild fish stock within the surrounding bodies of water by increasing 

their aquaculture industries.  Factors that led to this depletion and need for aquaculture 

expansion include fishery subsidies and inadequate fishery management.  Particularly, 

subsidies create excessive amounts of harvesting and result in a promotion of unsustainable 

practices, in violation of international trade agreements.31  Further, aquaculture continues 

to spread into more developed nations, who have caused depletion of fisheries in other 

ways.  The United Sates, for instance, still imports approximately 80 percent of the fish 

that people consume, but their aquaculture production increases each year.32 The United 

States must import seafood and implement forms of aquaculture due to its destruction of 

marine life and fisheries through instances of agriculture runoff, dead zones, algae blooms, 

erosion, and pollution.  Such importation of seafood ultimately results in a trade deficit of 

over $8 billion for the United States.33  As a result, there is a further argument that increase 

in the aquaculture industry will limit trade deficits and provide economic success within 

local or national contexts.  Whether one is arguing for economic growth or lowering 

demand for wild fish, aquaculture has many benefits if used in an environmentally friendly 

and sustainable manner.  

 

                                                        
29 U.N. FOOD & AGRIC. ORG., supra note 3, at 147. 
30 Id. at 6. 
31 See Committee on Trade and Environment, Note by the Secretariat: Report of the Meeting Held on 24-25 
October 2000, WTO Doc. WT/CTE/M/25 (Dec. 12, 2000). 
32 Offshore Aquaculture: Challenges of Fish Farming in Federal Waters: Hearing Before the Nat’l Ocean 
Policy Study Subcomm. of the S. Commerce Comm., 109th Cong. (2006) (statement of Timothy Keeney, 
Deputy Assistant Secretary of Oceans and Atmosphere, National Oceanic and Atmospheric Administration), 
https://www.commerce.senate.gov/public/_cache/files/6d6d0e80-44c5-4dc0-9832-
128825e67a26/750D7CB7E272E1FE44016EA5F7A503D2.keeney060806.pdf. 
33 Powers, supra note 21. 

https://www.commerce.senate.gov/public/_cache/files/6d6d0e80-44c5-4dc0-9832-128825e67a26/750D7CB7E272E1FE44016EA5F7A503D2.keeney060806.pdf
https://www.commerce.senate.gov/public/_cache/files/6d6d0e80-44c5-4dc0-9832-128825e67a26/750D7CB7E272E1FE44016EA5F7A503D2.keeney060806.pdf


 

IV. Sustainability and Aquaculture 
 
At an international level, aquaculture may provide economic benefits as well as a 

successful food source, but could also result in irreversible damage to the environment.  

Sustainable development, as understood generally, is the balance of allowing countries to 

continue developing while doing so in a sustainable manner, particularly to avoid future 

damage to the planet.  Although “sustainable development” became globally accepted 

during the Rio “Earth Summit,” there was a consensus during the signing of the Rio 

Deceleration that such sustainability should not negatively impact international trade.   

Principle 12 of the United Nations’ Rio Declaration declares:  

States should cooperate to promote a supportive and open 
international economic system that would lead to economic 
growth and sustainable development in all countries, to 
better address the problems of environmental degradation.  
Trade policy measures for environmental purposes should 
not constitute a means of arbitrary or unjustifiable 
discrimination or a disguised restriction on international 
trade.34   
 

As aquaculture is an area of heavy trade and many countries throughout the world rely on 

such trade, only limited restriction can be placed on the aquaculture industry in terms of 

sustainability.  The Rio Declaration fails to define what arbitrary or unjustifiable 

discrimination means in the context of Principle 12, leaving the language much too broad 

to be applied in real life situations.  

Specifically, in terms of trade and its implications on problems of environmental 

degradation, other international documents, other than the Rio Declaration, must be 

considered.  For instance, the General Agreement on Tariffs and Trade (GATT), which 

came into force in January of 1948, restricted contracting parties from discriminating 

against products of other contracting parties. 

The products of the territory of any contracting party 
imported into the territory of any other contracting party 
shall be accorded treatment no less favourable than that 
accorded to like products of national origin in respect to all 
laws, regulations and requirements affecting their internal 

                                                        
34 U. N. Conference on Environment and Development, Rio Declaration On Environment and Development, 
U.N. Doc. A/CONF.151/26 (Vol. I), annex I, principle 12 (August 12, 1992), 
http://www.un.org/documents/ga/conf151/aconf15126-1annex1. 

http://www.un.org/documents/ga/conf151/aconf15126-1annex1


 

sale, offering for sale, purchase, transportation, distribution 
or use.35 
 

Although such policies against discrimination can be beneficial for the trade of goods 

internationally, issues of sustainability and environmental degradation are consequences.  

For example, in the Tuna-Dolphin disputes before the World Trade Organization (WTO), 

the panel concluded that the embargo, set by the United States against those using improper 

fishing techniques, was improper because they were discriminating against a product solely 

based on the way the tuna was produced, resulting in a legal argument over the differences 

between product and process.36  Under GATT,  ‘[n]o contracting party shall establish or 

maintain an internal quantitative regulation relating to the mixture, processing or use of 

products in specified amounts or proportions,” specifically that will result in discrimination 

of other contracting parties’ products.37  Through the use of purse seine nets, the Mexican 

fishing industry, as well as a number of other nation’s fishing industries, were killing 

dolphins in the process of catching yellow fin tuna.38  Under the US Marine Mammal 

Protection Act, dolphins were protected and thus an embargo was established against any 

country whose fishing processes involved the death of dolphins.39  China and other nations 

brought a case against the United States, arguing that their fishing techniques did not 

constitute a change to the product itself, and thus the product could not be subject to higher 

taxation or embargos.40  If the United States had been successful before the WTO, 

“countries could ban imports of a product from another country merely because the 

exporting country has different environmental, health and social policies from its own.”41  

Ultimately, the WTO determined that under GATT the United State’s embargo was not 

permissive, but they were permitted to label products with “dolphin-safe” in a preventative 

measure to not deceive consumers.42 

                                                        
35 General Agreement on Tariffs and Trade art. III, §4, Oct. 30, 1947, 61 Stat. A3, 55 U.N.T.S. 194. 
36 Mexico etc Versus US: ‘Tuna-Dolphin’, WORLD TRADE ORG., 
https://www.wto.org/english/tratop_e/envir_e/edis04_e.htm (last visited Jul. 18, 2016). 
37 General Agreement on Tariffs and Trade, supra note 35, art. III. § 5. 
38 Mexico etc Versus US: ‘Tuna-Dolphin’, supra note 36. 
39 Id. 
40 Id. 
41 Id. 
42 Id. 

https://www.wto.org/english/tratop_e/envir_e/edis04_e.htm


 

The Tuna-Dolphin disputes, as well as other applicable international laws, such as 

GATT, create a legal atmosphere where there is little protection for the environment.  

Although documents such as the Rio Declaration and the Biodiversity Convention consider 

issues of environmental impact, the rights of sovereign nations and international trade 

bypass these environmental concerns.  GATT does provide exceptions to account for 

environmental concerns in Article XX, but these exceptions “are not applied in a manner 

which would constitute a means of arbitrary or unjustifiable discrimination.”43  When 

considering the sustainability of aquaculture, nations are left in a competing legal system 

in which most treaties and other documents use vague language, as well as differing 

priorities.  Under international law, the sustainability of aquaculture cannot be controlled 

easily through taxation and embargos due to the nature of the WTO.  As a result, nations 

do not have the repercussions or consequences that come with acts of taxation to pressure 

other countries into using proper, sustainable modes of aquaculture production.        

 Although many argue that aquaculture has more economic and social benefits than 

downfalls, such limited restriction of the sustainable nature of the industry internationally 

has led many environmentalists to fear the future impact.  Aquaculture, particularly of 

salmon, “raises concerns over pollution, disease transmission, genetic contamination, the 

rearing of fish species such as Atlantic salmon that require a diet composed in part of other 

fish species, and socioeconomic impacts (e.g., farmed Atlantic salmon competing with wild 

Atlantic salmon).”44  Further, aquaculture can result in eutrophication and water pollution.  

Some argue that if aquaculture is going to cause such pollution, then there must be a 

consideration of the amount of food created for human consumption in relation to the 

environmental costs.45  Finding the balance between feeding thousands of people, 

benefitting the global economy, and protecting the environment for future generations, as 

demonstrated through the aquaculture industry, will only be successful through sustainable 

development of the industry, specifically on an international scale. 

 
V. Elements of Sustainable Development 

 

                                                        
43 General Agreement on Tariffs and Trade, supra note 35, Art. XX. 
44 Firestone et al., supra note 11, at 75. 
45 Craig Emerson, Aquaculture Impacts on the Environment, Cambridge Scientific Abstracts, supra note 121 
(1999), available at http://www.csa.com/hottopics/aquacult/oview.html.  

http://www.csa.com/hottopics/aquacult/oview.html


 

Sustainable development, as defined by Andrew Dobson, allows for examination 

of the problems associated with the implementation of aquaculture under the key elements 

of participation, environmental protection, and environmental-economy integration.46  

Participation looks to how individuals, industries, and governments participate in the 

sustainability of a particular development.  If aquaculture is accepted globally, as it 

currently is, how should global participation contribute to the sustainability or development 

of the industry?  Environmental protection touches on the issue of sustainability, within the 

concept of “sustainable development.”  As discussed during Rio, the North, or developed 

countries, argued for a more sustainable view for the future, specifically in terms of 

industry and its environmental impact.  In viewing the aquaculture industry, environmental 

impacts, particularly on marine life and ecosystems, must be accounted for.  Lastly, 

environmental-economy integration calls for the allowance of development and economic 

growth, while understanding its effect on the environment.  As aquaculture will most likely 

increase in production levels over the coming years, there must be a balance between the 

environmental impact and the economic growth.  By accounting for and understanding the 

implications of each element, one can begin to grasp how aquaculture will affect countries 

on an economic and environmental scale into the future, specifically explaining whether 

such an industry can be sustainably developed. 

     
A. Participation 

 
Participation, under the guise of sustainable development, allows for the individual 

involvement capacity of each sovereignty.  The open-ended nature of sustainable 

development was purposeful in its attempt to create an area of compromise between the 

developed and developing countries during the writing of the Rio Declaration.  “What is 

useful about the concept is that it recognizes that development has a cost, as well as a 

benefit, and that this cost should be minimized and not allowed to exceed the value of 

environmental goods that are lost as a result of development.”47   As the concept of 

sustainable development is understood as broad and nondescript, each nation must interpret 

                                                        
46 Jacobs, supra note 4, at 170-73. 
47 William Howarth, Global Challenges in the Regulation of Aquaculture, in AQUACULTURE LAW AND 
POLICY __-__ (Gloria Chao & David L. Vanderzwaag eds., 2006). 
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how sustainable development will occur in terms of its developmental needs within its 

borders and internationally.48  Not only should this perspective be taken in terms of 

developmental needs as a whole, but also for each individual sector of activity within the 

sovereignty, such as aquaculture development, agriculture, and natural resource 

development.49  From a sovereignty perspective, participation differs greatly as each nation 

must fulfill different needs and goals within its own capacities.  Although each nation 

provides a unique perspective and knowledge base in certain areas, the idea that each 

follows its own set of guidelines as to how sustainable development should be applied only 

results in confusion and a disjointed international system. 

Due to the nature and location of many aquaculture facilities, especially in relation 

to mariculture, “activities may impact not only the water resources of the country where 

the farming occurs, but the water resources of other countries with abutting coastal areas 

or countries close enough in proximity to be negatively affected.”50  As countries further 

expand into the ocean, there is less control or regulation over the particular facilities, as 

there is no one entity in charge of a regulatory regime.  “Regulation of aquaculture by 

individual states in their own territory is often poor; regulation in federal waters is 

complicated; and regulation of mariculture in the high seas is nonexistent.”51  In such an 

industry, where the facility is located in shared areas or in areas affecting multiple 

countries, bilateral treaties can provide countries with an opportunity to work jointly in 

terms of regulation or policy.  Without this joint participation, there will be conflicting 

standards, laws, and regulations in regards to how specific facilities should be run.  

One form of unified participation across nations is the signing of treaties or 

agreements to particular principles that affect the globe as a whole.  An important example 

of such an agreement in the field of aquaculture is The Food and Agriculture 

Organization’s Code of Conduct for Responsible Fisheries.52  This code “is a valuable, 

though largely voluntary, global statement of principles addressed to governments, 

organizations, and individuals engaged in fishery activities which seek to encourage 

                                                        
48 Id. at __. 
49 Id. 
50 Powers, supra note 21. 
51 Id. at 46. 
52 Howarth, supra note 47, at __. 



 

adherence to principles and standards conducive to the sustainability in the conservation, 

management, and development of fisheries.”53  In terms of participation, Article Nine of 

the FAO Code encourages nations “to promote sustainability in aquaculture by the use of 

strategic planning to take account of, and minimize, adverse environmental and social 

impacts.”54  For such a broad system of sustainability to be successful, there must be 

participation at the national and operational level.  At the national level, sovereignties must 

support the use of appropriate aquaculture practices, including conserving genetic diversity 

and the health of ecosystems.55  Encouragement of such practices must be through the use 

of regulatory legal regimes or subsidy benefits.  In terms of operational participation, there 

must be promotion of responsible aquaculture practices, particularly through regulation of 

chemicals used in aquaculture that are harmful to human health, as well as the 

environment.56   If all participants do not take part in sustainable development, or fail to 

work in conjunction, international codes and regulations will not be effective unless they 

act in a mandatory nature.  As of today, most international treaties and agreements lack the 

ability to enforce due to a lack of an international enforcement agency or actor, making it 

even more important that each nation takes on an enforcement and regulatory role.       

 
B. Environmental Protection 

 
Environmental concerns, in regards to aquaculture, generally fall into specific 

categories depending on their detrimental effect.  First, in terms of bodies of water and 

ecosystems, “fish-farming facilities are often located in fragile waters, and their 

construction and operating practices, including feeding and medicating the fish, can have 

serious, adverse impacts.”57  Contaminates in the water can smother small organisms, such 

as shellfish, and contaminate the water with dangerous antibiotics.  When constructing the 

pens, they are usually anchored to the seabed, causing damage to the sea bottom and 

coral.58  The placement of these facilities can integrate dangerous toxins into the water 

ecosystem, killing organisms and causing substantial imbalance to the water contents.  “In 
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Asia, for example, shrimp farming has destroyed huge acreages of important mangroves, 

eliminating habitat and fouling the waters.  In Israel, the government has directed that fish 

farming in areas of the Red Sea be halted because of damage to coral reefs.”59  At the 

highest level, aquaculture can simply destroy the ecosystems of the ocean and other bodies 

of water, eliminating entire species of fish and plant life.  Due to the open nature of the 

pens, with water flowing through them at all times, there is no controlled method of 

preventing those toxins within the pens from integrating into the natural ecosystem.  As a 

result, mariculture and aquaculture pens in large lake region can be highly devastating due 

to the extensive ecosystem being affected by those antibiotics and toxins used within the 

aquaculture process. 

Second, the farming of carnivorous fish, such as salmon, requires other species to 

be fished and provide food sources for the production of these species.60  “To yield one 

kilogram of farmed fish, it generally requires at least three kilograms of food fish.”61  As 

the wild fish supply is currently depleted each year, the farming of fish as a source of food 

for aquaculture fish only further depletes this supply.  Another source of food may be other 

fish from aquaculture facilities that is not adequate for human consumption.  Many are 

concerned with the safety of feeding fish for consumption with possibly contaminated fish.  

“The recent controversy over contaminated protein products from China originally 

involved pet foods, but it was later discovered that adulterated protein was also used in fish 

food.62  Importation of certain farm-raised Chinese products was challenged by the U.S. 

Food and Drug Administration because of contamination from various substances, 

including antibiotics.”63  Without proper regulation, human health concerns may arise in 

regards to the consumption of these carnivorous fish, if they are themselves consuming 

contaminated products.  

Lastly, fish that escape from aquaculture facilities have detrimental effects on wild 

species, in terms of competition and disease.  “Farmed fish are typically bred to be 
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voracious feeders, so escapees may out-compete wild fish for food and mating.”64  In 

regards to mating, farmed fish are not bred to live in the wild, and thus their offspring may 

result in diluted gene pools or a decrease in reproductive capacity.65  Much like invasive 

species, farmed fish can spread parasites and disease to native species resulting in 

extinction or species depletion.  “California has banned raising salmon in state waters to 

protect native species . . . and banned transgenic fish, fish that have been genetically 

modified to enhance characteristics that make them suitable for farming.”66  As for 

carnivorous fish, such as salmon, escaped fish can over-consume prey, resulting in limited 

food sources for wild fish.  Just as with invasive species, the ability to remove these fish 

from the natural ecosystem, once they have escaped from their pens, is very costly and 

ultimately almost impossible to accomplish. 

Globally, specific organizations have been formed in the aquaculture industry in 

order to promote environmental protection.  The Global Aquaculture Alliance (“GAA”) is 

an international, non-governmental organization (“NGO”) that represents the international 

aquaculture industry.  GAA’s mission is to “promot[e] responsible aquaculture to meet 

world food needs.”67  GAA “takes a long-term view of the industry’s needs and focuses on 

issues affecting environmental, social, and economic sustainability” through its Best 

Aquaculture Practices (“BAP”) program.  The program promotes codes of conduct and 

standards for best practices in the industry.68  Specifically, areas of environmental concern 

include “damage to natural habitats such as mangroves, pollution arising from pond 

effluents, antibiotic residues in finished products, and the use of fishmeal and genetically 

modified organisms.”69  GAA defines elements of responsible practice for aquaculture 

industries through the use of quantitative standards set by experts and stakeholders, 

including those members of the industry, academia, NGOs and regulatory agencies.  Fish 

farms are investigated and must exceed a minimum level of standards through a point 
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system to achieve a BAP certification.70  Such certification is recognized globally as 

sustainable and regulated seafood. 

In recognition of the need for an independent investigative agency to confirm the 

conditions of aquaculture facilities, GAA established the Aquaculture Certification 

Council (“ACC”) in 2003.  The ACC has the mission to “certify aquaculture facilities that 

apply best managerial practices to ensure social and environmental responsibility, food 

safety, and traceability throughout the production chain.”71  Aquaculture operations are 

repeatedly inspected and ACC performs surprise audits in order to create consistency 

within the certification program.  “Countries with certified facilities include: Bangladesh. 

Belize, Brazil, Dutch Antilles, Ecuador, Honduras, India, Indonesia, Madagascar, Mexico, 

Nicaragua, Thailand, United States, Venezuela, and Vietnam.”72   Further, BAP has 

continued to expand its program to include standards for fish farms, feed, ills, and food 

safety, addressing issues such as “waste from cage sites, fishmeal usage, and animal 

welfare.”  Their certification is further being implemented in small farms by allowing these 

farms to “shar[e] responsibility for raising environmental and ethical performance levels 

and spreading the financial burden of certification” through clustered certification.73  These 

organizations provide regulatory and certification schemes in order to prevent 

environmental degradation while growing the aquaculture industry. 

 
C. Environmental-Economy Integration  

 
As trends such as “organic,” “grass-fed,” “cage-free,” and “non-GMO” have 

become popular over the last few years, industries are pushed to use more sustainable 

production methods.  If such trends continue, economics and environmental impact may 

begin to align, allowing for consumers to demand more sustainably produced products.  

“[L]arge institutional buyers in North America and Europe who seek to ensure they buy 

products that are sustainably harvested” have led to the increase of sustainability and 

certification in the aquaculture industry.74  In assisting the consumer, the FAO developed 

                                                        
70 Id. 
71 Id. 
72 Id. at 62.  
73 Id. 
74 Id. at 60. 



 

eco-labeling systems including guidelines such as independent auditing, transparency, 

accountability, and standards based on scientific research.75  This eco-labeling system 

allows customers to determine which aquaculture products reach the FAO standard for 

more sustainable production practices. 

Although regulation in terms of FAO standards may benefit both the consumers 

and increase the economic gain of the aquaculture industry, such regulation may also result 

in the destruction of the industry, due to its wide diversity.  The aquaculture industry is 

very assorted, from small pond operations that are landlocked to aquaculture in the open 

ocean.  Regulatory controls must be created for each type of this diverse industry, 

depending on level of intensity, scale, and location.76  Each sovereignty must determine 

the extent of environmental problems caused by the industry and the risk they are willing 

to create in expanding the industry, in relation to the economic benefits gained.77  “Where 

economic circumstances preclude the use of pesticides and chemicals in aquaculture, or the 

importation of non-native species, it may not be necessary to devise elaborate systems of 

regulatory control to address a problem that does not exist in practice.”78  Nations that fail 

to regulate the use of pesticides, chemicals, and non-native species lead to harm of the 

aquaculture industry and the environment.  Not only is the environment burdened, but also 

the aquaculture industry is being hampered by irregular regulatory methods.  These one-

size-fits-all regulation formats lack consideration for the diversity in aquaculture making 

the permitting, registration, and regulation difficult to ascribe to. 

Not only does regulation prevent the success of aquaculture, in terms of 

environmental protection or economic success, but the aquaculture industry also causes 

injury to its own future success.  As discussed by Garrett Hardin in 1968, the “Tragedy of 

the Commons” continues to effect industries today, such as aquaculture.  In terms of this 

tragedy, “‘the inherent logic of the commons remorselessly generates tragedy’ by 

maximizing individual gain to the collective detriment so that ‘freedom in a commons 
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brings all to ruin.’”79  Wild fish stock is a clear example of the “tragedy of the commons,” 

as the increase in desire for a more healthy protein source and the increase in human 

population led to over-fishing of the oceans.  Although treaties and nations can give strict 

guidance as to the maximum amount of fish that can be taken at a single time, they have 

limited control in an area as expansive as the ocean.  “It would be good to think that 

humanity has the good sense to address this by moral self regulation, but many would take 

the view that the response has been too little too late.”80  Such an issue of the “tragedy of 

the commons” may continue with the aquaculture industry itself.  Although aquaculture 

has the potential to provide relief to wild fish stock and result in a growth of fisheries, poor 

practice can result in disaster.  Aquaculture practices need to be sustainable and conscious 

of risk.  There is a “need to prevent aquaculture practices which are actually harmful to 

aquaculture industry itself, such as the need to prevent disease transmissions and to ensure 

food safety in aquaculture products.”81  If even a few aquaculture facilities act in a 

negligent capacity, the ecosystems surrounding the facilities can be destroyed along with 

the aquaculture industry as a whole, giving a new drastic meaning to “tragedy of the 

commons.”      

 
VI. International and Federal Laws and Policies 

 
In terms of legality, aquaculture is mostly regulated and managed at a national level, 

as there is a lack of international law dictating the industry.  As aquaculture is relatively 

new in terms of legal implications, a wide variety of laws cover the process from property 

law and business law to regulatory agency law.  “[M]ost other nations have developed 

legislation for aquaculture under national fisheries acts, implemented either by an agency 

analogous to a ministry of fisheries or an oceans agency . . . [T]hese nations require both a 

lease for an area of ocean and a license to operate an aquaculture facility.”82  Since 

aquaculture, and particularly mariculture, takes place within ocean areas, the individual 

nations must abide by the United Nation’s boundary restrictions.  The United Nations 

Convention on the Law of the Sea (“UNCLOS”) indicates that each exclusive economic 
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zone of sovereignty extends two hundred nautical miles off of the coast.83 Further, under 

UNCLOS, each nation is required to take remedial measures to guarantee that the living 

resources off their coast was not endangered or over-exploited.84  By looking to the laws 

and regulatory schemes of a number of countries, one can begin to understand the 

implications of such a complicated legal system, as well as the reasons for a more 

comprehensive, international approach. 

 
A. United States 

 
The United States aquaculture policy can be described as “piecemeal,” developing 

without any form of policy framework.85  In order to regulate aquaculture, the U.S. Army 

Corps of Engineers (Army Corps) supplies permits, the U.S. Environmental Protection 

Agency (EPA) regulates discharges, and the National Oceanic and Atmospheric 

Administration (NOAA) asserts jurisdiction due to the negative impacts on wild fish 

stock.86  Further agencies involved include the United States Fish and Wildlife Service 

(FWS), the United States Department of Agriculture (USDA), and the Food and Drug 

Administration (FDA).87  There is particular potential for competition between the Army 

Corps of Engineers, the Minerals Management Service (MMS), the NOAA, and the EPA 

in creating a regulation scheme for aquaculture.88 “The nation runs the risk of unresolved 

conflicts, unnecessary delays, and uncertain procedures” due to the chaotic nature of the 

legal and regulatory scheme.89  

In terms of pollutants, the EPA restricts the discharge of pollutants through the 

Clean Water Act.  The regulation of the discharge of pollutants under the Clean Water Act 
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(CWA) is, as could be expected, controversial in the aquaculture context.90  The Clean 

Water Act was enacted “to restore and maintain the chemical, physical, and biological 

integrity of the Nation’s [United States’] waters.”91  The legal mechanism through which 

CWA acts is the National Pollutant Discharge Eliminations System (NPDES), which 

prohibits certain discharges due to issued permits.92  The permitting program regulates 

whether a pollutant is discharged from a “point source” or “nonpoint source.”93  “Nonpoint 

sources” include animal waste, construction sites, mining and logging operations, 

atmospheric deposition, urban and cropland runoff, and storm sewer discharge.94  “Point 

source” are “discernable, confined, and discrete conveyance . . . from which pollutants are 

or may be discharged” into navigable waters.95  Furthermore, CWA requires that 

discharges be in compliance with water-quality-based and technology-based effluent 

limitations.96  Restrictions placed on the NPDES program include “quantities, rates, and 

concentrations of chemical, physical, biological, and other constituents which are 

discharged from point sources into navigable waters.”97       

In U.S. Public Interest Research Group v. Atlantic Salmon of Maine, LLC, a federal 

district court found that the materials added by salmon aquaculture to the waters of the U.S. 

constituted “pollutants” under CWA and the salmon net pens were “point sources.”98  

These materials included salmon feces and urine as “biological materials” or “agricultural 

wastes,” both which are explicitly included in the statutory definition of “pollutants.”99  

Uneaten pigments, antibiotics, the substances used to kill sea lice, and further substances 

were defined as “chemical wastes.”100  Lastly, salmon that was not native to North America 

and escaped their pens were also referred to as “biological materials.”101  If aquaculture 
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pens are point sources, as defined by CWA, and the released material are pollutants, 

aquaculture is subject to the NPDES permitting program, including the necessary 

regulations. 

Another case, decided in the Ninth Circuit, suggests that all aquaculture operations 

are not subject to CWA.  In Association to Protect Hammersley, Eld, & Totten Inlets v. 

Taylor Resources, Inc., the Ninth Circuit Court of Appeals held that some byproducts 

released from aquaculture pens are not regulated under CWA due to the fact that they 

“come from the natural growth and development of mussels” and do not come from the 

“waste product of a transformative human process.”102  The aquaculture facility, in this 

case producing mussels, allowed the mussels to grow on suspension ropes attached to the 

sea floor.103  The mussels matured on the ropes, feeding off of the natural nutrients within 

the water, discharging feces and shell material into the water.104  The court held there is a 

distinction between materials “altered by human of industrial process” and materials that 

are part of a “natural biological process.”105  These contrasting views on what constitutes 

a “pollutant” in terms of aquaculture leads to confusion and inconsistency.  There is no 

consistent regulation to indicate whether aquaculture industries must use NPDES permits 

and many facilities, such as those in open ocean waters, are difficult to regulate.   

Another point of contention in determining CWA control over aquaculture 

industries is the definition of “waters of the United States” in conjunction with “navigable 

waters.”   A lack of policy framework for these “federal offshore waters” will cause the 

industry to lack legitimacy and result in difficulties including environmental, social, and 

political complications.106  In terms of offshore farming, most facilities are located in the 

200-mile wide Exclusive Economic Zone (EEZ).107  The exclusive economic zone is 

prescribed by the United Nations Convention on the Law of the Sea, granting all coastal 

nations jurisdiction over economic and resource management of their designated zones.108  

NPDES permitting is necessary for point sources releasing substances into “navigable 
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waters.”109  “Navigable waters” are defined as “the waters of the United States, including 

the territorial seas” and the EEZ.110  Although the EEZ should be regulated with permits, 

United States law mainly focuses on state jurisdictional waters, within three miles of the 

shore, when regulating aquaculture, even though much of the mariculture industry is 

outside this 3-mile boundary.111 

In determining what constitutes as navigable waters, two important cases have 

defined the extent to which the definition applies: United States v. Riverside Bayview 

Homes, Inc. and Rapanos v. United States.  In United States v. Riverside Bayview Homes, 

Inc., the Army Corps of Engineers filed a lawsuit to prevent further development without 

proper permitting in a wetlands property.112  The Supreme Court held that “ a definition of 

‘waters of the United States’ encompassing all wetlands adjacent to other bodies of water 

over which the Corps has jurisdiction is a permissible interpretation of the Act.”113  Such 

a restriction drastically affects aquaculture facilities located next to or directly in wetland 

areas, as they fall within CWA permitting.  In Rapanos v. United States, “waters of the 

United States” is limited to “only relatively, permanent, standing, or flowing bodies of 

water,” and does not include intermittent flows.”114  Thus, aquaculture facilities located 

near wetlands are restricted by CWA, but facilities located near seasonal bodies of water 

may not be restricted. 

Within the United States legal and regulatory system, too many organizations and 

a number of contradicting laws control aquaculture industries.  As the industry is more 

recent, there is a lack of case law determining how aquaculture fits within the previously 

structured environmental, food safety, and food production laws.  Until more cases are 

brought before the judicial system or a structured regulatory scheme is created, the 

aquaculture industry must live within a perplexing and unstable legal system.  

 
B. Germany 
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Germany, one of the developed nations involved in the Rio Declaration, has been 

working to expand its aquaculture industry through the use of engineering and technology 

developments.  In an attempt to combine multiple forms of oceanic industry, German 

engineers have been successful in integrating both aquaculture and offshore wind farms in 

the North Sea.115  The legal framework in Germany does not currently support such a 

change in technology and expansion though.116  If a framework is created, the combination 

of offshore wind power and aquaculture will allow Germany to implement two innovative 

industries by reducing costs and implementing one set of infrastructure requirements.117  

Unfortunately, there are no current studies as to how wind power will effect the production 

of fish in a large scale.  Currently, there is argument amongst scientists regarding the 

effectiveness of wind power within bodies of water, specifically in terms of the effect on 

the water ecosystems.  Some concerns include vibration and winds disrupting the water 

environment, as well as damage to the ecosystem brought on by construction of a wind 

turbine.  Although Germany seems to be considering the need for more sustainable food 

security and power technologies, their expansion into new technologies could have 

detrimental effects on ocean ecosystems.    

As Germany and many other European countries are attempting to grow their 

aquaculture industries and technologies, environmental impacts are currently being felt.  In 

2015, Joint Research Centre (JRC) researchers called for tightened controls on the 

aquaculture industry after the release of many invasive species into the environment.118  

The researchers examined over 750 invasive freshwater fish, released mostly from 

Germany, the United Kingdom, and Italy.119  The European aquaculture industry, one of 

the fastest growing sectors in the economy, was found to be the result of many initial 

invasions.120  The introduction of invasive species has drastically increased over 60 years, 
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as the aquaculture industry has grown.121  These invasive species result in biodiversity loss 

and destruction of ecosystems.  Without a balance of sustainability and development, many 

nations’ attempts to develop quickly could lead to oversight, not only in the infrastructure 

of the facilities but also in the lack of regulatory schemes in place for control of these 

facilities.     

C. Ireland 
 

Ireland, unlike the United States, has a more straightforward approach to the 

regulation of aquaculture facilities.  The Ireland Department of the Marine is an oceans 

agency that acts in a regulatory format, issuing licenses for aquaculture operations under 

the 1959-1997 Fisheries Acts.122  In order to support their regulatory system and better 

implement a plan for aquaculture in Ireland, the nation has begun a comprehensive survey 

process.  Specifically, Ireland has implemented a $37 million plan to survey and map the 

EEZ to determine the best placement of aquaculture operations, as well as any conflicting 

purposes for such placements.123   

In 2015, Ireland drafted a National Strategic Plan for Sustainable Aquaculture 

Development requiring member states to prepare national strategic plans annually in order 

to drive the development of the industry.  The proposed initiatives and actions include “a 

set of Guiding Principles for the Sustainable Development of Aquaculture . . . together with 

Scale Limits and Phasing in Relation to the Development of Individual Offshore Salmon 

Farms . . . a review of the regulatory framework for aquaculture licensing . . . and financial 

supports to build capacity [and] foster knowledge.”124  Ireland recognizes the economic 

potential of aquaculture growth, but they are also concerned with the environmental 

sustainability of the industry.  By combining their straightforward regulation approach with 

extensive sustainability planning, Ireland appears to be taking the idea of sustainable 

development head on.  
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D. Chile 
 

Chile, as a developing nation, has begun creating a regulatory infrastructure for 

aquaculture facilities.  In Chile, the General Law of Fisheries and Aquaculture of 1991 

regulates licensing for aquaculture.125  A lease is necessary for the use of coastal waters 

and a license is necessary for any aquaculture developments.126  Similarly to Ireland, Chile 

has a process for mapping proper aquaculture sites through a survey process.127  In 2015, 

Chile signed an accord, in a similar nature to that of a bilateral treaty, with Ecuador for 

broad cooperation in terms of fisheries and aquaculture.128 The memorandum includes 

cooperation in terms of “health, environmental and socioeconomic matters . . . public 

policies, legislation, combating illegal fishing and unreported fishing.”129  By acting 

cooperatively, neighboring nations can create comprehensive regulation structures and 

work to form sustainable aquaculture industry standards.  

 
E. Japan 
 

As one of the countries with the largest history of aquaculture production, Japan 

uses the Law of Fisheries to implement and create policy for aquaculture facilities at a 

national level.130  Administration of laws is carried out at the local level and groups of 

fishers can apply for “aquaculture rights.”131  The holders of these rights have exclusive 

use of a certain area within the coastal water for aquaculture facilities.132  In order to 

regulate who should run aquaculture facilities, there is an extensive application process for 

obtaining these rights, including information on the type of facility, the area involved, and 

the species that will be produced.133  

Along with this regulatory work, the Japan International Research Center for 

Agricultural Sciences (JIRCAS) is a national institute focused on developing the 
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agriculture industry, including aquaculture production.134  Not only does the organization 

research development within Japan, but also looks internationally to determine the trends 

in agriculture that are beginning to be implemented.135  Particularly, the organization is 

focused on sustainable development techniques, due to the environmental deterioration in 

Southeast Asia.  Water eutrophication and sediment accumulation has become a serious 

issue within the region, causing JIRCAS to look to sustainable development processes such 

as re-circulating production systems.136  Specifically within the aquaculture industry, 

JIRCAS is working with the continued growth of shrimp farms which lead to mangrove 

forest destruction as well as destruction of coastal water environments.137  In order to 

prevent this environmental damage, JIRCAS is working with local aquaculture engineering 

firms to develop land-based systems that re-circulate water.138  Such organizations and 

developments can allow the aquaculture industry to grow in a more sustainable manner 

into the future.  

 
F. New Zealand 

 
In New Zealand, the Ministry of Fisheries, a self-funded organization, regulates 

aquaculture.139  The fees that support the organization are Aquaculture Levies and 

Transaction Charges gained from fees associated with the application processes, as well as 

other fees paid to the country by aquaculture industries.140  The fees collected by the 

Ministry of Fisheries are particularly used for the enforcement of regulatory regimes and 

research of the aquaculture process.141  In terms of regulation, the Ministry requires that 

facilities have fishing permits, which are regulated by regional councils.142  Some factors 

that are considered in leasing space or licensing a facility are “cultural, economic, and 

social and environmental.”143 
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In 2015, New Zealand expanded into the oyster farming industry with a new oyster 

factory, the first to be opened in over a decade.144  In terms of economic growth, the factory 

will create 50 new jobs in the area and produce 24 million oysters per season, resulting in 

millions of dollars of revenue.145  From an environmental perspective, the factory was 

created using only eco-friendly materials, resulting in the largest sustainable oyster farm in 

the world.146  According to the Biomarine Director, “It was [their] ambition to create the 

world’s most sustainable oyster farm.  Through a combination of unprecedented 

aquaculture techniques and exemplary farm and water management principles [they] 

believe [they] have become the new benchmark for sustainable oyster production.”147  If 

countries continue to develop their aquaculture industries as New Zealand has, there is 

hope that the industry will provide food security while avoiding environmental degradation 

all together.  

 
G. Hong Kong SAR (China) 

 
China, just like many of the countries listed above, created a specific ordinance or 

law to handle the regulation of fisheries, including aquaculture.  The Marine Fish Culture 

Ordinance requires licensing of aquaculture operations in one of twenty-six designated 

zones off of China’s coast.148   Once an individual is licensed, China’s government provides 

many benefits to fish farmers including training in fish culture techniques, assistance with 

solving management problems, technical advice for overcoming problems, disease 

prevention training, and training in husbandry techniques.149  In order to determine that 

regulatory measures are being followed, the government implements regular investigations 

and monitors disease outbreaks at the fish farms.150  The Agriculture, Fisheries, and 

Conservation Department (“AFCD”) determines the environmental impacts of the 
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aquaculture industry.151  This Department implemented an Aquaculture Environment 

Division to manage red tides and harmful algae blooms caused by a number of industries, 

including the aquaculture facilities.152  Further, the AFCD monitors water quality and 

conducts investigations in order to prevent the spread of harmful environmental impacts.153  

In conjunction with regulatory work, China is also working to implement artificial means 

of counteracting environmental damage that has already occurred.  One program includes 

the production of artificial reef programs, on which China has spent $100 million to 

enhance fisheries and promote biodiversity.154 

Although China has regulatory and educational regimes in place, their continued 

growth in the aquaculture industry has led to environmental problems.  The aquaculture 

industry, to this point, has been focused on volume and producing as much product as 

possible in a limited space.155  As a concern for the quality and health of the product 

increases, China’s current production methods have been challenged.156  The current 

industry has also led to environmental harm such as water pollution and destruction of 

mangroves.  If China wants to continue to compete in the international aquaculture 

industry, they will need to develop proper sustainable methods, while also working to 

prevent any future damage to their coastal waters.  

 
VII.  Solutions 
 

A. Best Management Practices 
 

Best Management Practices have been suggested across a variety of industries and 

environmental impact issues, including in the aquaculture industry.  FAO and other 

international bodies have recognized the need for Best Management Practices to create the 

sustainable development of aquaculture.157  One way of supporting the use of Best 
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Management Practices is certification, allowing industry to benefit in the market by 

displaying this certification.  The hope is that consumers will choose certified, sustainable 

products before those not following the suggested practice methods.  These certification 

procedures are best when performed by a third party, as this separates the certification 

process from a government that may use its influence to control the industry or its finances.  

Specifically, certification systems functioning independently of the organizations that set 

the appropriate standards “help[s] improve public confidence in the management of 

aquaculture facilities.”158  Best Management Practice can be implemented as an option for 

aquaculture facilities to follow, but the process rests on the market as well as consumer 

demands.  If the consumer is not concerned about the certification of aquaculture products, 

Best Management Practices do little to encourage their use within the industry.     

 
B. Closure Assurance Funding 

 
Closure Assurance Funding relates to the collection of funding by a governmental 

entity “require[ing] those benefiting from offshore wind power or aquaculture to pay for 

the full costs of those activities, which include the costs of decommissioning facilities at 

the end of their useful lives.”159  “[A]ny regulatory scheme for offshore development, 

including . . . marine aquaculture should provide for detailed provisions on site closure, 

bonding, and closure funding.  A performance-bonding requirement also will help to ensure 

that, if the operations of an offshore facility cause, contribute to, or result in damages to an 

ecosystem . . . the operator will have funds on hand to pay for remediation and restoration 

of the environment, or . . . to compensate the public by reimbursing it for the damages 

incurred.”160  Although closure assurance funds can be essential in guaranteeing the 

cleanup after environmental damage is caused, much of this damage cannot be reversed.  

Aquaculture facilities are active within sensitive ecosystems that can forever be changed.  

Further, as discussed earlier, issues such as invasive species cannot be reversed and, in 

most cases, are never all eliminated from the environment they inhabit. 

 
C. Implementation of Environmental Protection Methods 
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Many countries and organizations have begun an attempt to implement 

environmental protection methods, realizing that the aquaculture industry will continue to 

grow, especially due to the economic and food security benefits.  As discussed above, 

China has spent millions on artificial reefs that provide shelter for fish, while also leading 

to growth and development of other organisms.  These organisms act as food sources for 

carnivorous fish populations in aquaculture, allowing the natural fish stock to grow.161  

Many organizations are further fighting for the maintenance of a healthy, sustainable 

supply of fish within aquaculture facilities as an economic incentive for fish farmers.162  

Some concern surrounds the overpopulation of fish within aquaculture facilities, resulting 

in an increased amount of disease and ultimately an increased use of antibiotics.  Some 

nations, such as China, are attempting to educate their aqauculturists in order to show them 

the economic incentive of producing a sustainable number of fish, instead of losing some 

or most of their product to overpopulation issues. 163  Ultimately, if regulated properly and 

with sufficient environmental protection methods, aquaculture can restore fishery stocks 

and benefit a declining market.  

 
D. International Treaties 

 
Although many options have been suggested in relation to private control, such as 

the implementation of best management practices, closure assurance funding, and 

environmental protection methods, there is limited regulation when it comes to 

governmental or public control.  An all-encompassing international treaty system could 

provide a comprehensive structure under which aquaculture facilities are regulated and 

implemented.  Currently, some international declarations and laws could arguably apply to 

aquaculture, but a more broad umbrella treaty with related treaties of certain specifications 

would result in more coverage of the industry.   

In terms of current regulations, the United Nations Convention on the Laws of the 

Sea (UNCLOS) and the 1972 Stockholm Declaration could be read as regulating the 
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aquaculture industry.  Under UNCLOS, all states have the right to fish the high seas, subject 

to Articles 87 and 116 that require due regard be paid to the interest of other states.164  

Further, under Articles 117 and 119, states are required to collaborate with others in 

managing resources, as well as conserving resources.165  Article 118, although not 

specifically related to aquaculture, could suggest that farming practices must not endanger 

wild fish stocks.166  Lastly, Article 192 generally provides the obligation of states to protect 

and preserve marine environments, off their own coasts and into internationally shared 

waters.167  UNCLOS generally covers many issues associated with international waters, 

but is not specifically centered on the issue of aquaculture or mariculture.  Just as with 

other international treaties and declarations, UNCLOS is also only applicable to those 

states that are a party to the document.  Though some countries, such as the United States, 

still enact applicable laws although they are not parties to UNCLOS, many do not follow 

those provisions provided within the declaration. 

The 1972 Stockholm Declaration and the Rio Declaration further focused on 

environmental impacts, specifically in terms of those caused by human implications.  

Principle 7 of the Stockholm Declaration requires states to “take all steps to prevent 

pollution of the seas . . . liable . . . to harm living resources and marine life . . . or to interfere 

with other legitimate uses of the sea.”168  Under Principle 12 of the Rio Declaration, states 

are supposed to perform environmental impact assessments of proposed activities that may 

have a significant or adverse impact on the environment, such as aquaculture.169  Each of 

these individual agreements between nations have some implications for the aquaculture 

industry and could create the foundations for a legal argument that regulation of the 

industry is required, but no treaty or international declaration solely focuses on this 

industry.  Further, the mentioned treaties and declarations discuss the requirements for 

international waters, but lack any control over actions within national waters.  With today’s 

international laws, it is arguable that mariculture within ocean environments is slightly 
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regulated, but such regulation would only be brought to light under circumstances of 

environmental destruction or other devastating situations.  There is no international law 

built solely around aquaculture, leaving substantial gaps in regulation, control, and safety 

measures within the industry. 

An international umbrella treaty, containing more specific treaties based upon the 

different areas of aquaculture, would be the most successful method of creating 

international laws for this growing industry.  Much like The Biodiversity Convention, 

which covers all ecosystems, species, and genetic resources, this treaty would cover all 

forms of aquaculture, including mariculture.  The treaty would need to be multilateral in 

nature, meaning three or more sovereign nations are parties to the agreement.  The goals 

of the treaty would include: promoting sustainable aquaculture through the use of national 

law and policies; creating an international institutional structure supporting the 

implementation of the treaty, along with proper education for all aqauculturists; and 

establishing a set of principles and regulatory measures for the aquaculture industry in 

order to advocate environmental stability and health.  Just as with any other international 

treaty, the language must be broadly defined in order to reach the needs of all countries 

party to the treaty, from those developing nations in the South concerned with their 

continued development, to the developed nations in the North concentrating on 

sustainability. 

As aquaculture is a multifaceted industry using a variety of facility types in a 

number of ecosystems, individual treaties must apply to each category in order to supply 

sufficient guidelines.  As discussed, the differing facilities and locations of aquaculture 

industries result in a wide variety of environmental impacts, restrictions, and advantages.  

For example, mariculture or other forms of aquaculture within the ocean affected a large 

ecosystem and body of water shared by a number of coastal nations.  Due to changing 

weather conditions and the distance from large land masses, these facilities have a higher 

chance of being mismanaged, resulting in escaped species into the natural environment and 

damage to seabed structures, such as coral reefs.  Contained recirculating aquaculture 

systems (RAS), on the other hand, are close-looped systems that re-use water and are 

completely land-based.  By reusing the same water throughout the system and not being 



 

placed in open water ecosystems, there is a much lower chance of environmental impact 

with these facilities.   

Each treaty should be based upon what ecosystem or environment in which the 

aquaculture facility functions.  Thus, under the umbrella treaty there must be a treaty for 

land-based facilities; small, enclosed water systems, such as pods or estuaries; rivers; lakes; 

and mariculture, or ocean facilities.  By segregating different types of aquaculture into 

smaller treaties, there is a higher chance of sufficient regulation for differing facilities, and 

higher standards for those facilities that may cause more environmental detriments, such 

as mariculture.  Unfortunately, by dividing the regulation of aquaculture into smaller 

treaties there may be some sovereignties that agree to sign on to specific treaties, while not 

agreeing to all of them.  For example, landlocked states may agree to be a party to the 

mariculture treaty because they have no chance of participating in or being restricted by 

the treaty, but may refuse to sign the land-based facilities treaty due to their use of such 

facilities.  Further, the treaties must be described broadly, as new technologies and 

aquaculture facilities may not fit into any of the treaties and fall through the cracks in terms 

of regulation.  On the other hand, too broad of language will allow some facilities to fall 

within more than one category, which may result in restrictive, competing regulations.  

 
VIII. Conclusion 
 
In the rapidly expanding industry of aquaculture, sustainable development must be 

at the forefront of facility management and regulation.  Due to the disjointed and 

contradictory nature of the current legal system in regards to this industry, international 

change must be made to ensure safe industry practices, particularly in regards to 

environmental protection.  Although the private sector offers a number of options, 

including best management practices, closure assurance funding, and environmental 

protection methods, each lacks the ability to control the industry at an international level.  

International, bilateral treaties, on the other hand, offer an opportunity to create consistent 

regulation and management methods agreed upon by multiple nations.  By creating an 

umbrella treaty along with more specific treaties based on facility type and location, 

expectations can be set as to how each facility will function in conjunction with 

environmental health and economic growth.  Not only will the treaties benefit those 



 

attempting to end the environmental degradation caused by aquaculture, but also the 

industry itself will benefit from a consistent legal scheme.  Although treaties have their 

flaws, including the use of broad language and lack of enforcement measures, it seems the 

best option for bringing the world together to find consensus on how the industry should 

be run into the future.  
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