
Oysters – A Bit of History

• We developed the oyster model circa 2000 – 2005, on 
the 12,000-cell grid, to assess the impact of a ten-fold 
increase in oyster population.

• We moved the oyster model to the 50,000-cell grid in 
2008.

• We ceased all activity shortly thereafter.
• We are renewing our interest in oysters with an 

emphasis on management implications of 
aquaculture. 



New Factors to Consider

• Estimates of the current natural population vs. 
estimates completed circa 2000.

• Designation of oyster sanctuaries.
• Development of aquaculture.
• Credits for nutrient removal:

• Biomass removal
• Denitrification



Three Oyster Populations

We’re modeling three groups or populations of 
oysters:

1. Reefs subject to predation, disease, and 
harvest.

2. Sanctuaries subject to predation and disease 
but no harvest.

3. Aquaculture.  Limited predation, 100% of the 
biomass is harvested each year.



What Do We Have to Do?

• Locate oysters on the present grid.
• Oyster Bars
• Sanctuaries
• Aquaculture

• Obtain biomass estimates.
• Tune our model to represent current biomass in each 

group.
• Execute scenarios.



Oyster bars mapped to 
50,000-cell grid.

Locations from Versar
circa 2008.



Aquaculture

• We have Maryland harvest by 
county.

• We do not have location of 
aquaculture facilities.

• As a start, we are allowing 
aquaculture activity in Maryland 
waters with salinity > 7 and depth < 
12 feet.
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Aquaculture

• We have a GIS file of Virginia lease 
areas.

• We do not have specific location of 
aquaculture facilities.

• As a start, we are allowing 
aquaculture activity in lease areas 
with salinity > 7 and depth < 12 
feet.
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Sanctuaries

• We have Maryland oyster 
sanctuaries mapped to the grid.

• We have overlap with the oyster 
bar data from 2008.

• If a sanctuary and a bar coincide, 
we assume that bar is now a 
sanctuary.

• We lack information on location of 
Virginia sanctuaries.



CBOPE
Chesapeake Bay Oyster Population Estimate

• A web site maintained by VIMS originally 
intended to measure progress towards the 
planned ten-fold population increase.

• Extends from 1994 to 2002 (MD), 2008 (VA).

• Contains “fishery-independent data” (standing 
stock) for two states.  Little locational 
information.

• Contains “fishery dependent” data, separated 
into “public” and “private” effort, by state.





Aquaculture Biomass

• Assume the biomass is equivalent to the harvest.  
The farmer plants the seeds and harvests the 
crop.  This activity is continuous year-round.

• Maryland – We have 2014-2016 data from Julie 
Riechert (Oyster Recoveries Partnership, 
Annapolis MD)

• Virginia – We have 2005 – 2015 results from 
VIMS surveys.  We have 1985 – 2015 fishery 
landings from private grounds (CBOPE and 
VMRC).  We’ve been advised aquaculture 
accounts for roughly half of private landings.  



Sanctuaries
• We have the area of each Maryland sanctuary and some measure of 

density (quantity per unit area) for each sanctuary.

• It’s going to be extraordinarily difficult to work up this data for each 
sanctuary and impossible to individually represent each sanctuary in 
the model.

• Modeled reef and sanctuary populations will be combined and 
compared with fishery-independent population estimates. 



Virginia Biomass from CBOPE



Maryland Biomass from CBOPE



Aquaculture from Various Sources



Issues with Aquaculture

• The VIMS surveys indicate little or no 
aquaculture in Virginia prior to 2005.  We 
need to investigate further.  May be 
insignificant in any event.

• No Maryland data prior to 2014.  We’ve been 
advised our early data on private takings 
(1994 – 2002) does not reflect aquaculture. 
We need some consultation on when 
significant aquaculture commenced.    



Particulate

Organic

Matter

Dissolved

Nutrients

Dissolved

Oxygen

Filter

Feeders

Particulate

Organic

Matter

Dissolved

Nutrients

Oxygen

Demand

respiration

fi
lt

ra
ti

o
n

s
e

tt
li

n
g

b
io

d
e

p
o

s
it

s

s
e

d
im

e
n

t-
w

a
te

r

e
x

c
h

a
n

g
e

excretion

s
e

d
im

e
n

t-
o

x
y
g

e
n

d
e

m
a

n
d

diagenesis

diagenesis

Water

Column

Sediments

Diagenesis Model 

with Benthos



Basic Equation

𝑑𝑂

𝑑𝑡
=∝∙ 𝐹𝑟 ∙ 𝑃𝑂𝐶 ∙ 𝐼𝐹 ∙ 1 − 𝑅𝐹 ∙ 𝑂 − 𝐵𝑀 ∙ 𝑂 − 𝛽 ∙ 𝑂

In which:
O = oyster biomass (g C m-2)
α = assimilation efficiency (0 < α < 1)
Fr = filtration rate (m3 g-1 C d-1)
POC = particulate organic carbon (g m-3)
IF = ingestion fraction (0 < IF < 1)
RF = respiration fraction (0 < RF < 1)
BM = basal metabolism (d-1)
β = mortality (d-1)



The Approach

• Adapt most parameters from 2005 oyster 
model.

• The mortality term includes predation, 
disease, and harvest.  Tune the mortality term 
until computed reef and sanctuary biomass is 
consistent with observations.

• We let the oysters locate themselves on reefs 
with appropriate conditions.  



Model – Data Comparisons

• We have biomass 
estimates by state.

• Apportion the Virginia 
biomass to basins in 
proportion to landings.  
Assume biomass is 
related to landings.

• Apportion the Maryland 
biomass to basins 
according to proportions 
determined by 
Greenhawk and O’Connell 
(2007).

2014-2015

System Public Private

Chesapeake 80,978 78,548

James 112,082 117,205

York 32,372 34,800

Rappahannock 57,681 17,987

Potomac 1,316 62,688

Misc Bay 9,873 36,179

Totals 294,302 347,407



Example Model Results, Computed and Reported Biomass



Aquaculture

• The aquaculture biomass is roughly constant.  
Oysters are continuously planted and 
harvested.

• We want the ability to specify biomass, either 
existing biomass or a scenario biomass.

• We can do this in the existing framework by 
specifying dO/dt = 0.  In that case the initial 
conditions will remain constant.



Aquaculture

• We encounter some problems if we place 
aquaculture biomass where conditions are not 
sufficient to maintain the biomass.

• We can “overfilter” the water column, create 
negative concentrations and other problems.

• We can implement various “hardwires” but if we 
force aquaculture where conditions won’t 
support it, we get unrealistic scenarios.

• We need to implement aquaculture in the right 
amount in the right locations.



Locating Aquaculture Operations

• Not all cells in our aquaculture regions will 
support aquaculture.  Cells that support present 
levels will not support a ten-fold increase.

• With the reef population, we let the oysters self-
locate.  For scenarios, we allow a ten-fold 
increase globally, not in each cell.  

• We are exploring a similar process for 
aquaculture.  

• Otherwise, we can treat aquaculture the same as 
natural populations (dO/dt ≠ 0).  It will be difficult 
to exactly match reported biomass.  



Locating Aquaculture Operations

• If we let aquaculture self locate, what are the 
locations with high biomass?

• How do these compare to our allowed areas?
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Next Steps

• Assign aquaculture to favorable locations.

• Test model results with existing and scenario 
populations.

• Determine if our present approach is feasible.  


