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The Problem 

 Populations on septic tanks, fertilizers, 

etc. introduce a lot of nitrogen (N) into 

coastal waters 

 Many Cape towns are considering shellfish 

as part of their nitrogen management plan 

(208 plan)  

 We do not fully understand the entire 

benefits package of shellfish aquaculture  

 Need quantitative data on N-removal and 

oyster growth so decision makers can 

manage resources and meet water quality 

goals 



The Ecology 

 Nitrogen is produced through human 
activity 

 

 Nitrogen act as a fertilizer to plankton 
in the water driving a production of 
biomass  

 

 Oysters can eat the plankton and 
sequester nitrogen in their tissue or 
export nitrogen to the sediments.  

 

 Once in the sediment the nitrogen may 
be converted to gas by microbes and 
leave the ecosystem 

 

N2 gas 

sediments 



Nitrogen transformations in the environment 

(septic, fertilizer, organic material) 

(mobile 

species that 

moves 

through the 

environment) 

(in the absence 

of oxygen, some 

bacteria can 

breathe nitrate, 

producing 

nitrogen gas) 



The Big Questions 

 Does aquaculture activity change N2 flux from the sediments? 

 Is there enough N2 generated to be included in the N management 

planning? 

 How are the underlying sediment altered microbiologically or 

chemically? 

 Are there proxy measurements for N-removal estimates that can be 

utilized by end-users (i.e. a Strep-throat test) 



N-removal across environments 

 

OLIVER MassGIS, http://maps.massgis.state.ma.us/  



N-removal across environments 

OLIVER MassGIS, http://maps.massgis.state.ma.us/  
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7 to 17% additional N-removal over harvesting oysters 





Project Overview: 

Objective: evaluate oyster 

growth and the sedimentary 

N-removal efficiencies, for a 

standard oyster biomass, of 

three aquaculture systems 

 

Approach: 

• Assess the growth of the 

oysters 

 

• Quantify geochemical 

fluxes across the 

sediment/water interface 

 

• Monitor the microbial 

activity and composition in 

the underlying sediments. 

 





Flux core measurements: 

 Sediment oxygen demand 
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• N2-removal (denitrification) is 

highest in sediments 

underlying bottom cages 

 

• N2-removal (denitrification) is 

higher under all the 

aquaculture systems than 

under in control sediments. 

 

~3x increase 

~4-5x increase 



• Potential rates from 

isotope or flux incubations 

are limited 

• Snapshot in time 

• Altered by sampling 

 

• Mass balance approach 

• Requires 

measurements of 

every pool 

• Integrates over longer 

time periods 

• Does not specifically 

tell you rates of 

processes 

• Algorithms may apply 

to other systems 



Table 1. Data Collection and Analysis Matrix 

Field 
Measurements 

Geochemistry Molecular 

Year 1 and Year 2: 

 
Water Quality 

Measurements: Conductivity, 

DO, pH, temperature, 

turbidity, oyster mass 

  

Flux measurements: SOD, 

N2, NO3
-, NO2

-, NH4
+, δ15NO3

-

, δ15NO2
-, δ15NH4 

Year 1 and Year 2: 

 
Sediment cores: Total C, inorganic 

C, organic C, total N, total sulfur, 

C:N, %C, %N, δ13C, δ15N 

Sediment Traps: Total C, inorganic 

C, organic C, total N, total sulfur, 

C:N, %C, %N, δ13C, δ15N 

Water column: NO3
-, NO2

-, NH4
+, 

δ15NO3
-, δ15NO2

-, δ15NH4
+, POC, 

PON 

Porewater: NO3
-, NO2

-, NH4
+, DO, 

δ15NO3
-, δ15NO2

-, δ15NH4
+ 

Oyster Tissue: Total N , C:N, %C, 
%N, δ13C, δ15N 

Year 1: 

 
Sediment cores: RNA and DNA 

extraction for RT-qPCR, 

metatranscriptome library 

preparation, and iTag 

sequencing 

Water Column:  

         Chlorophyll A 

  

Year 2: 

 
Sediment cores: DNA 

extraction, iTag sequencing 

Water Column:  
         Chlorophyll A 



Mass Balance 

• How much of the ambient N moves into the oyster tissue? 

[Noyster-meas] δoyster-meas = [Noyster-initial]δoyster-initial + ε[Nplk]δplk  

 

• How much N makes it to the sediments (export N) 

[Ntrap]δtrap = [Nplk]δplk + [Npsuedofeces]δpuesdofeces - ε[Nrespiration]δrespiration  

 

• How much N is removed (missing) from the sediments 

[Nseds-meas]δseds-meas = [Nseds]δseds + [Ntrap]δtrap – εremove[Nloss]δloss   



[Noyster-meas] δoyster-meas  

[Nplk]δplk  

[Nseds-meas]δseds-meas  

[Ntrap]δtrap  
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