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PROBLEM: N LOADING
NITROGEN LOADS TO RECEIVING COASTAL WATERS



PROBLEM: N LOADING
NITROGEN LOADS TO RECEIVING COASTAL WATERS

Increase in production rates of both phytoplankton 
and macroalgae;

Typically a corresponding decrease in [DO] in both the 
water column and benthos;

Can result in significant changes in ecosystem 
attributes and functions.



From Deegan et al.; CLUE
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QUESTION: What role do 
bivalves (specifically oysters) 

have in…

The nitrogen cycle

Providing habitat benefits

….in shallow estuarine systems?



Spawn at
Temp ~ 60 – 68 F.

Swims around for
12 to 24 days
before “setting”

Individual oysters
can change gender
over time, …. more
than once.

Over 100 million 
eggs may be 
liberated from a 
single female.

The life cycle of the eastern oyster (Crassostrea virginica)



Habitats of the eastern oyster 
(Crassostrea virginica)

Habitat Requirements: 

Minimum Dissolved Oxygen Level: 1 
ppm *
Optimum Temperature Range: 

Eggs: 19oC - 31oC 
Larvae: 19oC - 31oC 
Adults: 7oC - 32oC 

Optimum pH Range: 6.75 - 8.75 (eggs, 
larvae) 
Optimum Salinity Range: 12 - 27 ppt 





Eastern Oyster Feeding and Particle Removal

Newell (2005) :  Emphasizes the importance of 
bivalve biodeposition in enhancing the process 
leading to nutrient burial and denitrification.

Particle clearance

Feces Pseudofeces

Excretion
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Eastern Oyster Feeding and Particle Removal

Particles are sorted
Less-nutritious particles are rejected as 
pseudofeces
Nutritious particles are ingested

Even when “full” oysters continue to feed 
(“pump”) and more POM composes 
pseudofeces

Jordan (1987) found biodeposits 2 – 3 X 
greater C, N, P than background particles.



Newell, RIE, TR Fisher, RR Holyoke and JC Cornwell, 2005. Pages 93 - 120. In: The 
Comparative Roles of Suspension Feeders in Ecosystems. R. Dame and S.Olenin, eds. Vol. 47, 
NATO Science Series: IV - Earth and Environmental Sciences. Springer, Netherlands 





Eastern Oyster Digestion and
Nitrogen Removal

Nitrogen is assimilated by autotrophs such as 
phytoplankton, macro and microalgae.

Rate of assimilation and growth (production) has to do 
with:

Temp, Light, [N], and Tr.

Assimilated N applied to tissue growth or excreted (~ 6 uM NH4 g-1 DW h-1)



What is Denitrification?
Dentrification is the process biologically mediated 
process of metabolizing inorganic nitrogen (NO3) 
resulting in the release of N2.



Benthic – Pelagic Coupling

Removal of organic and inorganic matter from water column

Delivering some portion as biodeposits to benthos

Subject to decomposition by aerobic bacteria
Oxidation
Recycled to water column
Assimilated by benthic microalgae

Or…

NO3 diffusion to anaerobic sediments where it is denitrified











Habitat benefits associated with 
the eastern oyster (Crassostrea virginica)

Particle clearance
Improved light penetration
Enhances benthic production Enhance DO 

conditions

Nutrient removal 
Increase in benthic-pelagic coupling
Long-term DO improvements

Structure
Increased surface area for benthic, demersal, 

and pelagic habitat
Habitat used by juvenile fish, crustaceans, and 

other important estuarine life



What is an alternative stable state 
(ASS)?

In an identical environment, a system can be in more 
than one contrasting stable state.



Nutrients

Turbidity



Nutrients

Turbidity

Introduction of 
alternative stable state 
(second marble)



Nutrients

Turbidity

Introduction of 
alternative stable state 
(second marble)

Resilience can be 
illustrated by the 
contour (flatness) of the 
red areas.



Scheffer, M. 2001. "Alternative attractors of 
shallow lakes." The Scientific World. Volume 1. 
Pages 254 to 263. 

Reverse Transition
Same external 
environment but different 
environmental parameter 
“response”

The result: a 
discontinuous response 
curve.

The arrows indicate the 
direction of change when 
the system is not in one 
of the two alternative 
stable states.



Questions/Considerations



Questions/Considerations

Water quality and sediment quality:  sufficient for growth & 
survival?

Site locations prioritized for maximum effect (local or 
widespread?)

Threat of disease (dermo, MSX, JOD)

Threat of predators (crabs, birds, oyster drills, etc.)

Cost and time.



END
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