
Oyster Farming as a Tool for Removing 

Excess Nitrogen in Coastal Ecosystems

Nicholas Ray

School of Marine Science & Policy

University of Delaware

CIB STAC Meeting

February 6, 2026



Why Do We Need to Think About This?

Eutrophic

Hypoxic

Systems in Recovery



Jones et al. (2010) World Resources Institute

Oysters Offer an “In-System” Remediation Opportunity



Oyster-mediated N removal in Harris Creek MD

Denitrification is Most Important N Removal Mechanism

Kellogg et al. (2018) report to TNC

- ~ 2.5 billion spat-on-shell oysters planted (2011-2020) 

- 348 acres of reef

- $29 million cost
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Nitrogen fixation: 𝑁2  →  𝑁𝐻4
+

Nitrification: 𝑁𝐻4
+  → 𝑁𝑂 →  𝑁𝑂2

−  →  𝑁𝑂3
−

Anammox: 𝑁𝑂2
−  → 𝑁𝑂 + 𝑁𝐻4

+  →  𝑁2

Dissimilatory Nitrate Reduction to Ammonium (DNRA): 𝑁𝑂3
−  →  𝑁𝑂2

−  →  𝑁𝐻4

Denitrification: 𝑁𝑂3
−  →  𝑁𝑂2

−  → 𝑁𝑂 →  𝑁2𝑂 →  𝑁2
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Resource Addition

8

Net N Flux = Production - Consumption

Oysters and Benthic-Pelagic Coupling



How Do We Sample Sediment Denitrification? Example in Ninigret Pond, RI



Oyster Farm in Potter Pond; from www.seagrant.gso.uri.edu







These Incubations Can Also be Made by Bringing Sediments to the Lab



Analyzing the Samples Requires Specialized Equipment
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Change in Denitrification Over Time
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p = 0.014
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Across Studies, Oysters Clearly Promote Sediment Denitrification – but Variable!

Ray & Fulweiler (2021) Nature Sustainability
N2 flux effect (g)

g = 0.682

95% CI = ± 0.276

P < 0.001



Ray & Fulweiler (2021) Nature Sustainability

Reefs and aquaculture effect denitrification similarly!

N2 flux effect (g)

g = 0.682

95% CI = ± 0.276

P < 0.001

Across Studies, Oysters Clearly Promote Sediment Denitrification – but Variable!



Falmouth, MA 

September 2017 

Westport, MA 

June 2016 

So Why Aren’t We Using Bivalve Aquaculture to Remediate N Pollution?



So Why Aren’t We Using Bivalve Aquaculture to Remediate N Pollution?

Modeling sediment denitrification is challenging! 

Adding in oysters makes it even more difficult…

Need to consider:

- Gear type

- Stocking density

- Oyster age

- Background denitrification rate

- Temperature

- Salinity

- Suspended particulates

- Sediment properties

- Sediment disturbance

- The list goes on…



Ray et al. (2019) Marine Ecology Progress Series

There is Also Denitrification in the Oyster Digestive System

Model denitrification by the oyster itself – less challenging…

- Don’t need to account for “background rates”

- Fewer variables to consider

- Should be transferable across locations

Put in proposal to DE SeaGrant in spring 2025

- Good reviews, but not funded

- Main critique was a lack of evidence of need



Can Oysters Help With N in Coastal Delaware? A Back-of-the-Envelope Guess

How many km2 of oyster farm to remove all excess N in Rehoboth Bay? 



Can Oysters Help With N in Coastal Delaware? A Back-of-the-Envelope Guess

How many km2 of oyster farm to remove all excess N in Rehoboth Bay? It depends on assumptions

- If 2,000 kg excess N → 0.2 km2 of oyster farm, or 1% of Rehoboth Bay area

- If 252,000 kg excess N → 25 km2 of oyster farm or the whole area of Rehoboth Bay…

- 26 acres leased, 176 acres available (according to DNREC website)

- Current leased area removing ~1,000 kg N

- If filled, available leases could remove ~6,800 kg N

Assumptions about Rehoboth Bay:

- Area: ~21 km2

- Annual N load 110,000 kg (SEMP Nitrogen Loading Model, 2015) or ~360,000 kg (Volk et al 2006)

- Assume sediment denitrification of ~0.5 mmol N m-2 d-1 → so ~108,000 kg N removed each year?

- Assume N export is negligible due to long water residence time

- Depending on N load and background denitrification estimates, leaves 2,000-252,000 kg N to deal with…

Assumptions about oysters:

- For oysters, assume N removal of 4.4 mmol ind-1 y-1 → ~16,000 oysters for 1 kg of N removal

- If an oyster farm has ~150 oysters per m-2, 1 kg N removed by denitrification in the oyster per 100 m2 

These estimates do not consider enhancement of sediment denitrification! Or extraction!

(And also require better N cycling estimates)
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