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Humans have altered global nitrogen cycle 

Issues in Ecology #15, Ecological Society of America, www.esa.org/issues 



What is nutrient bioextraction? 

 
•  The removal of nutrients from an aquatic 

ecosystem through the harvest of 
enhanced biological production 
(aquaculture of seaweed and/or shellfish) 
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Connecticut 

New York 

Open water 
 seaweed farms 

Bronx, NY 

Fairfield, CT 
 

Branford, CT 
(Thimble Island Oyster Co. 

DJ King) 



Saccharina (sugar kelp, brown seaweed, a winter crop) 

• Growing season: Nov. – May (< 15 °C or < 60 °F) 
• Kelp is the most widely cultivated species in the world 
• Significant potential for the cultured sea vegetable industry in 

Long Island Sound and the Northeast America 
• Human food (rich in calcium, folic acid, iodine, vitamins A,B,D,E, 

& K; regulates metabolism and aids in weight loss) and source of 
alginates (colloid & biomedical) 

• *Nutrient bioextraction (ecosystem services) 
• Biofuels 
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Saccharina nursery and open water cultivation 
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Productivity (sugar kelp, 2012-2013) 

~ 1,752 kg per 100 m longline 
(Dec. – May growing season) 
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Productivity (sugar kelp, 2012-2013) 

*29.2 – 116.7 MT FW ha-1  
(Dec. – May growing season) 

* Assumption: 1.5 or 6.0 m spacing between longlines (UCONN) 



Productivity, Tissue Nitrogen and Nitrogen Removal 

Western LIS 

Western LIS 

Western LIS 

• Saccharina latissima 

• 2012-2013 growing season 

• 1.5 m spacing of lines 
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Feb 13, 2013 
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• Mussels (Ischadium recurvum): 217 kg N ha-1 yr-1 (Kellogg et al., 
2013) in Chesapeake Bay.  

• Oysters (Crassostrea virginica): 331 – 556 kg N ha-1 per up to two 
years (Higgins et al., 2011) in Chesapeake Bay (Kellogg et al., 
2013).  

• Oysters (Crassostrea virginica):  77 kg N ha-1 yr-1 from Waquoit Bay 
(MA; Kite-Powell et al., 2006).  
 

Nutrient Bioextraction by Seaweed and Bivalves 

Sugar kelp: ~180 kg N ha-1 (Nov. – May) 

 
Gracilaria: ~140 kg N ha-1 (July – Oct.) 
   (See Kim et al. 2014. Aquaculture 433:148-156) 



Nitrogen Trading Program in CT 



Nutrient bioextraction 
 
Species 

 
Site 

N Removal  
(kg per hectare) 

Gracilaria* 
Bronx, NY (July) 66 kg/month 

Fairfield, CT (Oct) 12 kg/month 
Saccharina Fairfield, CT (Dec-May) 280 kg 

UCONN 

See *Kim et al. 2014. Aquaculture 433:148-156; 
Kraemer, G.P., J.K. Kim and C. Yarish. 2014. Association of 
Massachusetts Wetland Scientists Newsletter. April 2014 No. 89, 16-17. 
 



Nutrient bioextraction potential value in 
CT Nitrogen Trading Program 

 
Species 

 
Site 

N Removal  
($ per hectare) 

C Removal ($ 
per hectare) 

Gracilaria 
Bronx (July-Oct) $2,040 $19 

Fairfield (July-Oct) $235 $4 

Saccharina 

Bronx (Dec-May) $2,020 $34 
Fairfield (Dec-May) $650 $32 

Branford (Dec-May) $235 $21 

•Nitrogen Credit Exchange (NCE): $5.01 per pound N  
•2012:  33 facilities purchased N (ca. $1.5 million) 

UCONN 

See *Kim et al. 2014. Aquaculture 433:148-156; 
Kraemer, G.P., J.K. Kim and C. Yarish. 2014. Association of Massachusetts 
Wetland Scientists Newsletter. April 2014 No. 89, 16-17. 



(Photo credits: R. Gautreau) 

Scientific American! http://blogs.scientificamerican.com/food-
matters/2014/07/11/move-over-kale-the-new-super-vegetable-comes-from-the-sea-
video/  
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Saccharina (sugar kelp)  Farmers 2014-2015 

• Thimble Island Oyster Co., Branford, CT (Brendan Smith) 
• King Lobsters and Montowese Bay Oysters, Branford, CT (DJ King) 
• New Growers + Scott Lindell (MBL, Woods Hole, MA) 
• Charles Island Oysters, Milford, CT (Charles Viens) 
• Clean & Green Farms, Old Greenwich, CT (Jeff Bella) 
• Noank Aquaculture Cooperative 

• Noank, CT  and Southold, NY (Karen Rivara)  
• Menemsha Fish House, MA  
• Saltwater Farms, Narragansett, RI (Bill Silkes)  
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What’s Next in Coastal Management? 
Bioextraction technologies that move 

towards a balanced ecosystem approach 
In nutrient rich coastal waters (LIS) we can use 
extractive organic aquaculture of shellfish and 
extractive inorganic aquaculture of seaweed to 
provide invaluable ecosystem services and 
generate new economic activity, which will create 
jobs and deliver revenue! 
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Potential  applications & uses of seaweeds  

Sea vegetables Biofuel 

Hydrocolloids and 
Cosmeceuticals 

Ecosystem services 
-Habitat Improvement 
-Nitrogen credit  

UCONN 

(courtesy of  Ocean Approved) 



Project Sponsors 

Project Partners 
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New England Seaweed Culture Handbook 

Part One, Introduction:   
http://youtu.be/zQr-ZoYu1SE  
 
Part 2: Laboratory  
http://youtu.be/7Ay0NFSIOlg  
 
Part 3: Kelp 
http://youtu.be/y-k3eseEJFs  

http://s.uconn.edu/seaweedplaylist 

http://s.uconn.edu/handbook  
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