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Executive Summary: To confront the myriad challenges posed by climate change, we present oysters 
as a nature-based solution with an abundance of environmental benefits and economic stimulus to 
coastal communities. We encourage the Biden administration to support international efforts to 
restore oyster reefs by presenting an “Oyster Restoration Initiative” to the World Economic Forum, 
mirroring recent actions on trees. On the domestic front, several legislative actions can be taken to 
sustain the current trajectory of restoration efforts. These efforts can be pursued in tandem, but we 
recommend that policy actions focus on expanding low carbon, oyster-based restorative aquaculture 
programs. This can revolutionize U.S. food production while reducing pollution from other forms of 
agriculture. 

 
I. Environmental benefits of oysters 
Picture an oyster reef: in coastal inlets where 
saltwater from the ocean mixes with freshwater from 
rivers, underwater metropolises of oyster shells rise 
up from the mud. These oysters filter algae and 
sediments from the water, which provides immediate 
benefits to coastal waters inundated with nutrient 
pollution from urban development and land-based 
agriculture (Bricker, Rice, and Bricker 2014). While 
rendering the water chemistry more habitable for 
other organisms, they also provide complex physical 
structures that serve as habitats for an abundance of 
worms, sponges, seaweeds, crabs, and fish. Oyster 
reefs greatly enhance marine biodiversity 
(Ermgassen et al. 2016; Gregalis, Johnson, and 
Powers 2009), as areas adjacent to the reef will have 
an abundance and variety of animals two times 
greater than shorelines without reefs (Chowdhury et 
al. 2020). Generations of oysters are cemented 

together in these reefs, as offspring settle and grow 
atop their ancestors.     In some marine settings, the 
carbon in oyster shells can be buried under the 
growth of subsequent generations, serving as a 
means to sequester carbon indefinitely (Fodrie et al. 
2017). The ocean can act as an effective carbon 
storage reservoir as humans seek to draw down 
excess greenhouse gasses (GHG) from the 
atmosphere, (“The Blue Carbon Initiative” 2019). As 
climate change progresses, oyster reefs can grow at 
rates that keep pace with rising sea levels (Rodriguez 
et al. 2014). Due to their stabilizing effect against 
erosion (Walles et al. 2015; La Peyre et al. 2015), 
artificial oyster reefs are often incorporated into 
“Living Shorelines”, which are eco-friendly 
alternatives to hard structures like seawalls (Smith et 
al. 2020). This ecosystem service will become 
increasingly valuable as the frequency of high tide 
flooding and the intensity of hurricanes rise with 
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climate change (NOAA Office for Coastal Management 
2021). 
 
II. Oyster habitat loss and restoration 
Before 1800, oyster reefs dominated the majority of 
temperate coastlines (McAfee and Connell 2020). 
After decades of unsustainable harvesting, combined 
with other stressors like disease, habitat destruction, 
and degraded water quality, these ecosystems have 
largely been replaced by sparsely-inhabited sand 
(Beck et al. 2009). Globally, only 15% of historic 
oyster reefs are currently intact (Beck et al. 2009), 
and climate change threatens native oyster 
populations on the edge of survival. However, the 
missing 85% of historic oyster reefs could be viewed 
as an opportunity: if oysters thrived there once, they 
can again—they just need help getting started.   
 
Oyster restoration efforts are vital for increasing the 
area of reef habitat and are an important nature-
based solution to climate change. These projects are 
commonly funded by the government, but 
restoration activities involve a variety of players, 
including government agencies, NGOs, scientists, 
community volunteers, and the oyster industry. 
Several shellfish reef restoration guides are available 
from organizations such as the Nature Conservancy 
and NOAA (Brumbaugh et al. 2006; Leonard and 
Macfarlane 2011; Fitzsimons et al. 2020; Branigan 
and Nature Conservancy (Australia) 2019; Baggett et 
al. 2014; Preston et al. 2020).  
 
III. Aquaculture contributions to restoration 
Although unsustainable harvesting largely caused the 
decline of oysters, commercial oyster farming 
operations (aquaculture) can aid restoration and 
management efforts. The oyster on your dinner plate 
was either harvested from a wild oyster fishery or 
farmed. Aquaculture typically involves growing 
oysters in bags or cages in natural estuaries, where 
they provide many of the same benefits as their wild 
counterparts. It takes two to three years for the 
average oyster to reach market-size, during which 
time most will reproduce, sending out larvae that 
may settle in the surrounding waters. This “spill-over 
recruitment” can incidentally restore local oyster 
populations (Mumbles Oyster Company 2021). 
However, this effect can also present challenges when 
non-native oyster species are used for restoration or 
aquaculture. For example, the Pacific oyster 

(Magallana gigas) is native to Asia, but its widespread 
use abroad led to the establishment of wild 
populations on six continents (McAfee and Connell 
2020). Despite its nonnative status, the Pacific oyster 
can contribute the ecosystem services that are no 
longer provided by native populations. 
 
The energy and feed inputs for farmed oysters is 
minimal, rendering it one of the lowest carbon food 
options available. Livestock are responsible for 
14.5% of human induced GHG emissions (Gerber and 
Food and Agriculture Organization of the United 
Nations 2013). Oyster aquaculture releases less than 
one percent of the GHGs required to produce the 
same amount of meat from beef, small ruminants, 
pork, and poultry (Ray et al. 2019). Substituting 
livestock-derived protein with oysters could have a 
substantial impact on global GHG emissions.  
 
Seaweed farming can be combined with oyster 
farming operations to efficiently produce another 
food with a low environmental impact. In the U.S., the 
NGO GreenWave provides a model for restorative 
aquaculture that integrates bivalve aquaculture and 
seaweed farming (Stuchtey et al. 2020). GreenWave 
estimates that “regenerative ocean farms'' can 
produce up to 150,000 count shellfish and ten tons of 
seaweed per acre, with $90,000 to $120,000 in 
annual profits (Stuchtey et al. 2020); for comparison, 
farmers in central Illinois are projected to lose $32 
per acre of corn harvested despite increased federal 
aid (Schnitkey et al. 2020). Growing seaweed 
alongside shellfish provides year-round income and 
job stability to aquaculture workers, as seaweed and 
shellfish are harvested at different times of the year 
(Stuchtey et al. 2020). Seaweed production can 
further combat climate change; findings in the lab and 
on the farm indicate that feeding livestock with as 
little as 0.2 to 3% dietary algae has the capacity to 
reduce methane produced from ruminant flatulence 
by 80 to 98% with little impact on meat quality 
(Machado et al. 2016; 2016; Roque et al. 2019; Kinley 
et al. 2020).  
 
A cap-and-trade-style program might be one viable 
way to drive oyster restoration in suboptimal waters. 
A pilot program in Maryland credits growers with the 
removal of nitrogen and phosphorus in the water 
column finding that, among several oyster farms, 28 
to 457 kg of N per acre a year is removed with a 

http://www.sciencepolicyjournal.org/


Journal of Science Policy & Governance POLICY MEMO: OYSTERS FOR CLIMATE 

 

 
www.sciencepolicyjournal.org JSPG, Vol. 18, Issue 2, June 2021 

 

potential economic value of $560 to 12,446,000 
(Parker and Bricker 2020). However, these efforts 
must be paralleled with actions to mitigate nutrient 
pollution at the source (Land 2014). 
 
IV. Limitations to expansion 
The long-term benefits to society outweigh the initial 
restoration costs. The average project cost for oyster 
restoration is about $121,405 per acre, but it is highly 
variable due to differing goals, construction methods, 
and site-specific factors (Bersoza Hernández et al. 
2018). However, restoration costs should be 
recovered within two to fourteen years, and the 
ecosystem services of oyster reefs are valued at 
$2,226 to $40,064 per acre per year (Grabowski et al. 
2012). This estimate considers services such as 
protection of coastal property and water quality 
enhancement, but it excludes oyster harvest. This 
value may be even greater when commercial oyster 
harvest via fisheries is also considered, as restoration 
efforts can lead to the reopening of fisheries. 
 
A large challenge for reef restoration practitioners is 
government regulation, as a patchwork of permitting 
processes attempt to balance conservation concerns 
with public health threats (McCann 2019). Officials 
worry that oysters illegally harvested from reefs in 
waters with high concentrations of pathogens might 
cause shellfish food poisoning (Xu et al. 2015; Ismail 
et al. 2014). Harvesting is prohibited in areas of low 
water quality, but poaching remains a threat to 
uninformed consumers.  
 
Here we will explore how the U.S. can address these 
challenges while building upon its progress using 
wild oysters and restorative aquaculture methods, as 
well as encourage international participation. The 
policy options presented here can be pursued in 
tandem by the Biden administration. This memo 
arranges the options from least ambitious to most.  
 
V. Policy options  
 
i. Recommendation 1: Remove impediments to 
domestic restoration efforts. 
Synergistic effects of removing impediments to 
domestic restoration efforts could accelerate the 
annual restoration rate above the current U.S. 
average annual restoration rate of 470 acres per year 

(Bersoza Hernández et al. 2018). This rate could be 
improved with the following legislative actions: 
 

1) Revive VP Harris’ legislation S. 1730 for 
“Living Shorelines” to make $50 million in 
federal funds available for state and local 
governments to match for local projects. The 
companion bill (H.R.3115, introduced by Rep. 
Frank Pallone) was passed by the House of 
Representatives. 

2) Continue to support the restoration and 
aquaculture programs of the Sea Grant 
Association (NOAA), which requires $122.9M 
for FY22 appropriations. 

3) Develop a central and transparent reef 
restoration permitting platform for 
practitioners that complies with ISSC public 
health guidelines (Food and Drug 
Administration 2019) and cooperates with 
the U.S. Army Corp of Engineers and state 
regulatory agencies.  

4) Appropriate funds to expand access to 
recently developed rapid tests for detecting 
shellfish pathogens (Fu et al. 2018). This 
action will protect vulnerable individuals 
who consume raw shellfish: 
immunocompromised populations are 
typically most affected (CDC 2020). Despite 
education on associated risks, and the 
availability of alternatives like post-harvest 
processed oysters, consumers prefer to 
consume raw oyster products (Bruner et al. 
2014). 

5) Develop a national cap-and-trade style 
program with a timely goal set to reduce the 
cap on nutrient water pollution in estuaries, 
keeping in mind any disproportionate 
impacts on marginalized ethnic/ racial 
groups (Cushing et al. 2018). This will drive 
oyster reef restoration and provide pressure 
to change the practices of polluters at the 
source.  

 
Advantages 
• For private property owners, Living Shorelines 

have been shown to cost four times less for 
annual maintenance while providing protection 
that results in half as much hurricane damage 
(Smith et al. 2017). 
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• Nearly 40% of the United States populace resides 
in coastal bordering counties (NOAA’s Office for 
Coastal Management 2021) which will benefit 
from shoreline stabilization.  

• Increase food safety for all consumers, especially 
immunocompromised individuals.  

• Cap and trade programs are a widely 
implemented market based solution to encourage 
particular behaviors (Zhang, Zhang, and Bi 2012; 
Boyce and Ash 2018). Here the benefits are 
twofold, enhancement of oyster reef restoration 
in spite of consumer-based profit and reduction 
of nutrient based water pollution.  

 
Disadvantages 
• Progress has been slow. Despite fifty-six years of 

work to restore oyster populations throughout 
the U.S., by 2018 only 4.5% of the known historic 
reef area was recovered across the U.S. Atlantic 
and Gulf coasts (Bersoza Hernández et al. 2018). 

• Available rapid tests for shellfish pathogens are 
for clinical use only, so the development and 
production of rapid pathogen tests for consumers 
currently face technical and regulatory hurdles. 

 
ii. Recommendation 2: Establish international 
collaborations for restoration  
We propose that the Biden administration present an 
“Oyster Restoration Initiative” at the 2021 World 
Economic Forum (WEF) Annual Meeting in Singapore 
to restore 2.47 million acres (1 million hectares) of 
oyster reef habitat by 2035. This nature-based 
solution to climate change would be a coastal 
counterpart to the Trillion Trees Initiative that was 
created by the WEF in January 2020. This oyster 
restoration goal can be achieved by providing 
publicity and resources to the Global Shellfish Rehab 
Network, which currently connects 123 project teams 
(“The Global Shellfish Rehab Network” 2021), and by 
gathering restoration commitments from nation-
states. The network estimates that there are 5.8 
million acres of “Currently Restorable Shellfish 
Habitat” worldwide (“The Global Shellfish Rehab 
Network” 2021), so the goal of 2.47 million acres 
restored would be a modest starting point.  
 
Advantages  
• Methods for oyster restoration, and their 

ecosystem benefits, are highly transferable 
between regions. 

• International efforts magnify the carbon 
sequestration potential of oysters.  

• Aligns with the UN’s decade of “Ocean Science for 
Sustainable Development” and “Ecosystem 
Restoration” (“UN Decade on Restoration” 2019). 

 
Disadvantages 
• There is little precedent for incorporating oyster 

restoration into public policy.  
• True accountability for voluntary international 

efforts is difficult to achieve. 
 
iii. Recommendation 3: Revolutionize food production 
with restorative aquaculture  
We recommend establishing restorative aquaculture 
programs that provide a sustainable food and income 
source to coastal communities, while enhancing 
domestic oyster restoration. Specifically, we 
recommend to: 
 

1) Provide market incentives for oyster farms to 
incorporate sustainable practices, including 
seaweed farming. This could include 
facilitating the sale of seaweed as livestock 
feed to reduce GHG emissions in the food 
industry. To accelerate the adoption of 
seaweed as livestock feed, NOAA and the 
USDA should establish a program to buy 
seaweed from sustainable aquaculture farms 
and sell it at reduced prices to cattle farmers. 

2) Shift subsidies away from agricultural sectors 
that are economically and ecologically 
unsustainable (Simon 2013) so that 
sustainable options like oysters can compete 
in a free market.  

3) Establish vocational training programs at the 
high school and post-secondary levels to 
address labor shortages and provide skills for 
restorative aquaculture. 

 
Advantages 
• American consumers will have increased access 

to a low-carbon source of protein, with an 
abundance of health benefits (Gopakumar and 
Gopakumar 2020). 

• GHG emissions from cattle farming can be 
drastically reduced (80-98%) by incorporating 
seaweed into cattle diets (Machado et al. 2016; 
2016; Roque et al. 2019; Kinley et al. 2020).  
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• Oysters and seaweed reduce nutrient pollution 
(Stuchtey et al. 2020). 

• Blue collar workers displaced from other 
industries may find aquaculture an attractive 
field of work.  

 
Disadvantages  
• Farmer participation and consumer acceptance 

are needed to realize the GHG reductions of 
seaweed-fed cattle. 

• Entrenched special interests will not yield their 
subsidies without a political fight.  

VI. Policy recommendation  
The authors favor Recommendation 3 to revolutionize 
domestic food production via restorative 
aquaculture, as it bolsters wild oyster populations, 
creates year-round farming jobs, and reduces GHG 
emissions of land-based agriculture. As world 
economies recover from the COVID-19 pandemic, the 
present moment is a prime opportunity to “build back 
better” by investing in a blue economy with strong 
marine industries. 
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