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Imagine our coastal community.
What do you think of?



Human activity impacts our 
coastal waters.

• Major cities located on 
waters or coasts

• Large population on the 
coasts

40% of population lives
<100 km (~63 miles) from the coast

http://www.un.org/esa/sustdev/natlinfo/indicators/methodology_sheets/oceans_seas_coasts/pop_coastal_areas.pdf

• Activities have altered 
the coastal ecosystem.
• Overfishing of many 

species.
• Loss of habitat

• Nitrogen pollution



Why do we care about 
nitrogen?

• One of six elements required for all 
life (CHONPS).

• It’s abundant. Nitrogen is 
everywhere!

• However, the most abundant form, 
N2 gas is largely unavailable to life.

• Humans have gone to great lengths to 
produce more (anthropogenic) 
biologically available nitrogen.  
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Nitrogen Ecology

• Nitrogen is produced through human 
activity

• Nitrogen acts as a fertilizer to drive 
primary production – more overall 
biomass

Non-Point Source
Nitrogen

Galloway and Cowling 2002

Nitrogen



Decrease in available oxygen

Detrimental to economics

Decreased biodiversity

Too much nitrogen 
is bad for the 
health of 
the coastal 
ecosystem



Nitrogen transformations in the environment

(septic, fertilizer, organic material, 
biomass)

In the absence of oxygen, 
some bacteria can breathe 
nitrate, producing nitrogen 
gas

(mobile species that moves 
through the environment)
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Nitrogen transformations in the environment

(septic, fertilizer, organic material, 
biomass)

(mobile species that moves 
through the environment)

In the absence of oxygen, 
some bacteria can breathe 
nitrate, producing nitrogen 
gas

Dissimilatory Nitrate 
Reduction to 
Ammonium (DNRA)–
leads to N retention



Nitrogen transformations in the environment

(septic, fertilizer, organic material, 
biomass)
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How oyster aquaculture may impact the N cycle



Project Overview:



The Big Questions

• Are there differences in oyster growth between gear types?

• Does aquaculture activity change N2 release (flux) from the sediments?

• Is the amount of N2 released enough to be included in management planning?

• Are the microbial communities in the underlying sediments changed?

• Are the activities of these communities changed in the presence of 

aquaculture?



Set-up, Growth and Management of 
the Aquaculture Systems

Chuck Martinsen and Christina Lovely, 

Town of Falmouth, Department of Marine and Environmental Services.





















































Science Methods and Results

Daniel Rogers, Vivian Mara and Ginny Edgcomb



The Big Questions

• Are there differences in oyster growth between gear types?

• Thanks Chuck

• Does aquaculture activity change N2 release (flux) from the sediments?

• Is the amount of N2 released enough to be included in management planning?

• Are the microbial communities in the underlying sediments changed?

• Are the activities of these communities changed in the presence of 

aquaculture?



Evaluating N removal and oyster 
aquaculture
• A story in three parts

1. N2 release (flux) from the 
sediments

2. Characterizing the 
microbial community and 
activity

3. Lessons learned, take home 
or extrapolating to future 
studies.







Porewater Data- Nitrate

2018 2019

No significant difference between Control and treatment sites.

Control

Oyster Gro’

Floating Bag

Bottom Cage



Porewater Data- Ammonium (extractable NH4
+)

2018 2019

Spikes in ammonium especially after July

Control

Oyster Gro’

Floating Bag

Bottom Cage



~14% increase

Bottom Cage

Oyster Gro

Floating Bag

Control

Porewater Data- Carbon Content



Measuring N2 release

► Flux core incubations

► Monitor consumption of O2

► Monitor production of N2 by 
MIMS

► Yields rates/m2

Figure 2. Membrane Inlet Mass Spectrometer designed and built by the Rogers' Lab. This instrument can measure gases with a +- 0.1 m/z 
resolution. This instrument and its control software were built by Stonehill research/SURE students. Commercial versions of this



N2 release Data

2018 2019

Increase in net N2 production from late July/August through September

14 -17 g/site/day
0.8-1 kg in N Aug and Sept 
at each farm

1.7 -5 g/cntl site/day
0.1-0.3 kg N in Aug and Sept

Farm size ~250 m2

Control

Oyster Gro’

Floating Bag

Bottom Cage



Metatranscriptomes (which genes are 

expressed at the time of sampling

• Collect the total RNA pool

• Proxy for microbial activity

• Expensive and technically challenging

iTAG (which microbes are present at the 
time of sampling)

• Collect the total DNA pool

• Describes community structure

• Moderate expense

RT-qPCR (targets specific genes of interest)

• Uses the total RNA pool

• Quantifies specific target genes.

• Quick, inexpensive if protocol developed

Molecular Methods



Bacterial Community Composition

• Similar patterns in all 
treatments

• Similar patterns across 
growing season

C

BC

FB

OG



Nitrogen cycling: Denitrification (N2 release)

Detection of higher expression of denitrification genes (nirK, nirS, nosZ and narG) under the 
treatments when compared to the control 



Nitrogen cycling: anammox (N2 release)

2018 2019

hzo gene: marker for anammox
• High hzo expression in the Bottom Cages compared to the control

• Similar hzo expression between Floating Bags and the control
• Decreased expression (below the control levels) in the Oyster Gro’ treatments 

Control

Oyster Gro’

Floating Bag

Bottom Cage



Nitrogen cycling: DNRA (ammonium retention)

nrfA gene: marker for DNRA
• High expression nrfA under the Bottom Cages when compared with the control

• Similar nrfA expression between Floating Bags and the control
• Decreased expression (below the control levels) in the Oyster Gro’ treatment

2018 2019

Control

Oyster Gro’

Floating Bag

Bottom Cage



Circling back to our big questions

• Does aquaculture activity change N2 release from the sediments? YES

2018 2019

Control

Oyster Gro’

Floating Bag

Bottom Cage



Circling back to our big questions

• How are the underlying sediments altered microbiologically or chemically?

● one of our original aims was to identify a quick gene marker or a 
“dipstick” = gene whose expression is correlated with N2 release and 

would tell users how much N2 was being released at their site

● it turned out it wasn’t so easy because DNF is a complex process 

sometimes carried out cooperatively by different microbial groups
● affected by many environmental factors, and competes with other N 

cycling processes for nitrate
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Circling back to our big questions

• How are the underlying sediments altered microbiologically or chemically?
C

BC

FB

OG

DNF

Community composition stays the same Expression of genes associated with 
denitrification stimulated!



Circling back to our big questions

• How are the underlying sediments altered microbiologically or chemically?

anammox
DNRA

Anammox contributes to N2 but much less so 
than denitrification. It is stimulated under BC 
because of the organic matter accumulation

DNRA is sensitive to O2, so it is repressed 
under the OG gear which aerates the surface 

sediments (“piston pump” activity). It is 
stimulated under the BC relative to the control 

where sediments are more sufidic

Control

Oyster Gro’

Floating Bag

Bottom Cage



Circling back to our big questions

• Is there enough N2 generated to be included in the N management planning? 

https://blog.wfsu.org/blog-coastal-health/2013/01/whats-the-deal-with-nutrients-and-oysters/

microbial N2 released from 

under oyster aquaculture is 

about 10% of the amount of N 

removed in oyster biomass

Aug-Sept: ~1 kg of N per 

farm (250m2) 

vs. 

0.1-0.3 kg of N2 at the 

control site
Slide by Ashley R. Smyth, Piehler Lab, UNC Chapel Hill Institute of Marine Sciences.



Lessons Learned

• Choice of gear will depend on 
priorities: ease of management, cost, 
hydrodynamics, wind and wave 
exposure, and whether N removal is a 
priority

• If N removal is a priority BC give most 
benefit but NOT if conditions go too 
sulfidic (> 2 ppm)

• If sediments are already organic-rich 
(approaching 7-8% total organic 
carbon), FB and OG gear may be better 
choices for N benefits, and consider 
site rotation!

Sampling Picture

Relaying oysters at the end of the 
season



Implications of the science for management

• Denitrification dominates but it is 
possible to push sediments to 
DNRA if organic matter and sulfide 
accumulate too much, which is 
counter-productive

• Hydrodynamic setting, the method 
and the stocking density can all 
affect nitrogen cycling

• Site Selection
• Measure sulfide prior to farm 

installation
• Measure organic matter content

Sulfide test kit
www.Lamotte.co

m



Implications of the science for management

• Denitrification dominates but it is 
possible to push sediments to 
DNRA if organic matter and sulfide 
accumulate too much, which is 
counter-productive 

• Hydrodynamic setting, the method 
and the stocking density can all 
affect nitrogen cycling

• Site Selection
• Measure sulfide prior to farm 

installation
• Measure organic matter content

Sulfide test kit
www.Lamotte.co

m



Implications of the science for management

• Denitrification dominates but it is 
possible to push sediments to 
DNRA if organic matter and sulfide 
accumulate too much, which is 
counter-productive 

• Hydrodynamic setting, the method 
and the stocking density can all 
affect nitrogen cycling

• Site Selection
• Measure sulfide prior to farm 

installation
• Measure organic matter content

(~$20/sample) Sulfide test kit
www.Lamotte.co

m

$200

Argument for site rotation in some areas?



Conclusions

• Increase in sediment N removal 
in each of the three systems 
compared to the control

• Bacterial community structure 
controlled by season and not by 
aquaculture method

• N removal consistent with 
upregulation of genes associated 
with denitrification

• You can push the system toward  
DNRA and increase retention of N, 
decreasing your N removal 
benefits  
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