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Acronyms in Document 
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CBP- Chesapeake Bay Program 

DW- Dry Weight 

EPA- Environmental Protection Agency 

FARM model- Farm Aquaculture Resource Management 

GIT- Goal Implementation Team 

N- Nitrogen 

NOAA- National Oceanographic and Atmospheric Administration 
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 Key Definitions Related to their Use in this Report 
 

Assimilation: The process where oysters convert the nitrogen and phosphorus within absorbed food into 

substance of the body (e.g., tissue, shell). 

 

Biodeposition: Organic matter (e.g., feces and pseudofeces from oysters) deposited on the bottom (i.e., 

sediment surface). 

 

Burial: The process in which nutrients are trapped in the bottom sediment for long timescales (i.e., below the 

active zone where decomposition occurs). 

 

Cultch: Material suitable for settlement of oyster larvae (e.g., oyster shell).  Also, referred to as substrate. 

 

Cultchless oysters: Single oysters produced by settling oyster larvae on pieces of substrate small enough to be 

indistinguishable from the adult shell at the time of harvest. 

 

Denitrification: The process that reduces nitrates or nitrites to nitrogen gas, commonly by bacteria in the 

bottom sediment.  Nitrogen gas ultimately escapes into the atmosphere. 

 

Diploid oyster: Wild or hatchery-produced oysters containing two complete sets of chromosomes, one from 

each parent and capable of sexual reproduction. 

 

Hatchery-produced oyster: Diploid or triploid oysters propagated outside their natural environment in private 

or State-run hatcheries. 

 

Oyster hatchery: Private or State-run operations that produce diploid and/or triploid oyster larvae outside 

their natural environment for research, restoration, educational, and/or commercial uses.      

 

Oyster reef restoration: Activities aimed to restore and/or protect oysters to increase the wild oyster 

population. 

 

Oyster sanctuary: An area of bottom closed to oyster harvest usually with the intention of allowing oyster 

populations to recover. 

 

Oyster seed: Refers to oysters below legally harvestable size and typically used in connection to oysters that 

are being moved from one location to another (e.g. from a hatchery to aquaculture operation or from an area 

with high natural recruitment to an area with lower recruitment).     

 

Oyster shell height: The longest distance (parallel to the long axis) between the hinge and lip of the oyster. 
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Oyster spat: Typically refers to oysters that have settled (attached) onto substrate and are less than one year 

old. 

 

Ploidy: The number of sets of chromosomes in a cell. 

 

Private oyster aquaculture: Growing and harvesting diploid or triploid oysters in areas designated for oyster 

aquaculture where public fishing is not allowed (e.g., State-permitted oyster aquaculture leases to private 

oyster aquaculturists). 

 

Public fishery: Managed fishery that is open to harvest by individuals holding the appropriate licenses. 

 

Quantile regression: Type of regression analysis that estimates the conditional median or other quantiles of 

the response variable. 

 

Recruitment: The number of individuals surviving to a certain size, age, or life stage (e.g., spat, reproductive 

maturity, etc.).  

 

Spat-on-shell planting: Oyster larvae that have settled (attached) onto shell and have been placed on the 

bottom. 

 

Substrate: Materials (e.g., shell, granite, etc.) that oyster larvae can attach to.  Shell substrate is also referred 

to as cultch. 

 

Substrate addition: The act of placing substrate (e.g., shell, granite, etc.) on the sediment surface to harden 

the bottom to enhance the potential recruitment of wild oyster larvae. 

 

Sufficient Science: In the Panel's best professional judgment, data of sufficient quality and scope exist and can 

be used to generate a reasonably constrained estimate of the reduction associated with a particular oyster 

practice category.    

 

Suitable for Reduction Effectiveness Consideration: In the Panel's best professional judgment, the reduction 

process could occur in association with a particular oyster practice category and involves an enhancement 

activity that could result in the production of new oysters (i.e., the reduction effectiveness can be attributed to 

the practice). 

 

Suspended sediment: Very fine soil particles that remain in suspension in water for a considerable period of 

time without contact with the bottom. 
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Triploid oyster: Hatchery-produced oysters containing three sets of chromosomes, typically a result of 

hybridizing a diploid (2-set chromosome individual) with a tetraploid (4-set chromosome individual) via human 

manipulation.  The resulting triploid oyster lacks reproduction capabilities.  

 

Unintended Consequence: Potential unexpected negative or positive effects resulting from the practice.  

tƻǎƛǘƛǾŜ ǳƴƛƴǘŜƴŘŜŘ ŎƻƴǎŜǉǳŜƴŎŜǎ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀƴŎƛƭƭŀǊȅ ōŜƴŜŦƛǘǎέ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ǘƻ ƳŀǘŎƘ ǘƘŜ 

terminology found in the BMP Review Protocol (CBP 2015). 

 

Verifiable: In the Panel's best professional judgment, a practical method exists, or could be created, to track 

reduction effectiveness if the BMP is implemented. 

 

Wild oyster: Diploid oysters produced in their natural environment without human involvement.   

 

 

1.0 Introduction 
 

Federal and State governments are actively ǊŜōǳƛƭŘƛƴƎ ǘƘŜ /ƘŜǎŀǇŜŀƪŜ .ŀȅΩǎ Eastern oyster (Crassostrea 

virginica) population for ecological benefits while concurrently building a robust oyster aquaculture industry.  

With scientific research demonstrating that oysters can contribute to the reduction of nutrients (nitrogen and 

phosphorus) and suspended sediment from the water column (Kellogg et al. 2013 and 2014a, Grizzle et al. 

2008), there is growing interest in recognizing oyster practices as best management practices (BMPs) and 

crediting their nutrient and suspended sediment reduction effectiveness in the Chesapeake Bay Program (CBP) 

tŀǊǘƴŜǊǎƘƛǇΩǎ ƳƻŘŜƭ ŦǊŀƳŜǿƻǊƪΣ1 a tool used to assess whether appropriate progress towards water quality 

goals, established by the Total Maximum Daily Load (TMDL), is being made for the Chesapeake Bay (U.S. EPA 

2010).  As a result, the CBP Partnership requested that an Oyster BMP Expert Panel be convened to develop 

recommendations for 1) a decision framework to determine the nutrient and suspended sediment reduction 

ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ƻȅǎǘŜǊ ǇǊŀŎǘƛŎŜǎ ŀǎ .atǎ ŦƻǊ ŀǇǇƭƛŎŀǘƛƻƴ ƛƴ ǘƘŜ /.t tŀǊǘƴŜǊǎƘƛǇΩǎ ƳƻŘŜƭ ŦǊŀƳŜǿƻǊƪ ŀƴŘ нύ ǘƘŜ 

nitrogen, phosphorus, and suspended sediment reduction effectiveness of oyster practices based on existing 

science.  The Oyster BMP Expert Panel όƘŜǊŜŀŦǘŜǊΣ άtŀƴŜƭέύ convened on September 30, 2015, has met monthly 

for a total of 17 meetings to date (ǎŜŜ !ǇǇŜƴŘƛȄ ! ŦƻǊ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ tŀƴŜƭΩǎ ƳŜŜǘƛƴƎǎ and other activities 

and Appendix E for meeting minutes) and has had numerous e-mail and phone conversations to develop the 

recommendations found in this incremental report.    

 

Oysters consume algae and other organic matter from the water column through filter feeding.  A portion of 

the nutrients within that organic matter, including nitrogen (N) and phosphorus (P), are assimilated into the 

ƻȅǎǘŜǊΩǎ ǘƛǎǎǳŜ ŀƴŘ ǎƘŜƭƭ όYŜƭƭƻƎƎ Ŝǘ ŀƭΦ нлмоύ ŀƴŘ are thereby removed from the water column.  Oysters further 

enhance nitrogen removal by creating conditions conducive to denitrification and burial of organic matter 

                                                           
1 5Ŝǘŀƛƭǎ ƻŦ ǘƘŜ /.t ǇŀǊǘƴŜǊǎƘƛǇΩǎ ƳƻŘŜƭ ŦǊŀƳŜǿƻǊƪ Ŏŀƴ ōŜ ŦƻǳƴŘ ŀǘ 
http://www.chesapeakebay.net/groups/group/modeling_team. 



FINALτOyster BMP Expert Panel First ReportτApproved on December 19, 2016 
 

10 
 

(Newell et al. 2005).  Denitrification is the final step in a set of transformations that converts organic nitrogen 

to nitrogen gas, a form of nitrogen that cannot be used for growth by phytoplankton.  When oyster waste is 

deposited onto the sediment surface, it can be buried, making the nitrogen and phosphorus it contains 

unavailable to the water column (Newell et al. 2005).  In addition to filtering organic matter from the water 

column, oysters also remove inorganic matter in the form of suspended sediments and increase water clarity 

(Grizzle et al. 2008 and sources therein).  These oyster-associated nutrient and suspended sediment reduction 

processes were used by the Panel to develop the individual reduction effectiveness crediting protocols for 

BMP application further described in Section 6.0.   

 

Various oyster practices exist in the Chesapeake Bay involving different culture types (e.g., hatchery-produced 

diploid or triploid oysters, wild diploid oysters) and culture methods (e.g., oysters grown off-bottom in the 

water column in gear or on-bottom without gear, transplanting juvenile wild oysters from one location to 

another).  Additionally, these practices operate under different fisheries management approaches, including 

private oyster aquaculture (i.e., oysters are grown and harvested by private oyster aquaculturists within State-

permitted areas designated for oyster aquaculture), the public fishery (i.e., oysters are harvested by individuals 

with appropriate licenses within State-managed areas designated for public fishing), and oyster reef 

restoration (i.e., oysters are restored and/or protected in sanctuaries where harvesting is prohibited).  Private 

oyster aquaculture and public fishery practices result in the eventual removal (harvest) of the oysters from the 

waterbody, while oyster reef restoration practices aim for the oysters to remain in the water with the 

intention of allowing oyster populations to recover.  Oysters used in these practices are either hatchery-

produced (i.e., oysters propagated outside their natural environment in private or State-run hatcheries) or wild 

(i.e., oysters that spawned within their natural environment with no human involvement).  Additionally, the 

ploidy (i.e., the number of sets of chromosomes in a cell) of the oysters can be either diploid or triploid.  Wild 

oysters are diploid and capable of sexual reproduction.  Hatchery-produced diploid oysters are similar to wild 

oysters, but can also be selectively bred to exhibit faster growth and/or be resistant to common diseases 

(Rawson et al. 2010; Degremont et al. 2015).  Hatchery-produced triploid oysters, created by manipulating 

chromosomes of broodstock to produce triploid offspring incapable of sexual reproduction, usually grow faster 

than diploid oysters (Allen and Downing 1986) and may exhibit greater disease resistance (Degremont et al. 

2015).  While triploid oysters may occur in the wild, it is rare; therefore, for the purposes of this report, wild 

oysters are assumed to be diploid oysters.   

 

Private oyster aquaculture practices occurs in State-permitted areas where public fishing is not allowed and 

use either hatchery-produced diploid or triploid oysters, wild oysters, or a combination.  These practices 

involve growing oysters off the bottom in the water column in protective gear (e.g., floating rafts near the 

surface or cages near the bottom) or directly on the bottom without gear.  Oysters grown off-bottom are 

usually cultchless (i.e., individual oysters where the initial shell substrate is indistinguishable from the rest of 

the shell).  Aquaculturists growing oysters on-bottom without gear typically enhance their leased bottom by 

reclaiming or adding hard substrate (e.g., shell, granite, etc.) suitable for recruitment of wild oyster larvae 

όƘŜǊŜŀŦǘŜǊΣ άǎǳōǎǘǊŀǘŜ ŀŘŘƛǘƛƻƴ)έ and/or adding hatchery-produced or wild oyster larvae set on oyster shell 

όƘŜǊŜŀŦǘŜǊΣ άspat-on-shell planting).έ  If using juvenile wild oysters, they are typically moved from one location 
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and transplanted to a different location within the Chesapeake Bay or its tributaries.  In some instances, lease 

holders do not enhance the bottom in any way and simply harvest wild oysters within the leased area. 

 

Oyster practices that involve the public fishery include substrate addition, movement of wild seed oysters 

(refers to oysters below legally harvestable size) between locations, and/or the addition of hatchery-produced, 

diploid oyster spat-on-shell.  These practices typically aim to enhance the oyster stock available for harvest.  In 

the case of wild seed transplants, they are usually moved from an area where oyster growth and/or survival is 

poor to an area with better conditions for growth/survival.   

 

While private oyster aquaculture and public fishery practices aim to increase the numbers or oysters available 

for harvest, oyster reef restoration practices aim to increase the number of oysters that will remain in the 

waterbody.  Oyster reef restoration practices typically occur within State-designated sanctuaries where 

harvesting is currently prohibited to allow oyster populations to recover.  These practices include passive and 

active oyster reef restoration techniques.  Passive oyster reef restoration involves designating an area as a 

sanctuary with no additional activity.  Active oyster reef restoration involves planting oysters (e.g., hatchery-

produced, diploid oyster spat-on-shell, adult wild oysters), substrate addition, or a combination of these in the 

designated sanctuary.  The ultimate goal of oyster reef restoration practices is to provide a starting point that 

will enhance natural recruitment success resulting in a self-sustaining, 3-dimensional reef and increases in the 

wild oyster population in the Chesapeake Bay and its tributaries.  

 

The Panel identified a total of мн ƻȅǎǘŜǊ ǇǊŀŎǘƛŎŜ ŎŀǘŜƎƻǊƛŜǎ ŀŦǘŜǊ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƻȅǎǘŜǊΩǎ ŦŀǘŜ (i.e., removed or 

remains in the waterbody), fisheries management approach (i.e., private oyster aquaculture, public fishery, 

oyster reef restoration), culture type (i.e., diploid or triploid hatchery-produced oysters, wild oysters), and 

activity/culture method (i.e., oysters grown off or on the bottom, transplanted oysters, substrate addition, no 

activity) (Table 1a).  This first report only includes recommendations for private oyster aquaculture practices.  

Of the five private oyster aquaculture practice categories identified, the Panel felt that only the following three 

categories should undergo BMP consideration (further described in Section 5.0): 

 

¶ Off-bottom private oyster aquaculture using hatchery-produced oysters 

¶ On-bottom private oyster aquaculture using hatchery-produced oysters 

¶ On-bottom private oyster aquaculture using substrate addition 

 

¢ƘŜ tŀƴŜƭΩǎ ŘŜŎƛǎƛƻƴ Ŏƻƴcerning which oyster practice categories they would recommend for BMP 

consideration was based on whether the practices include an enhancement activity that could result in the 

overall production of new oysters (i.e., the reduction effectiveness can be attributed to the practice).  The 

tŀƴŜƭƛǎǘǎ ŀƎǊŜŜŘ ǘƘŀǘ άOn-bottom private oyster aquaculture using transplanted wild oystersέ ŀƴŘ άPrivate 

oyster aquaculture with no activityέ ǎƘƻǳƭŘ ƴƻǘ ǳƴŘŜǊƎƻ .at ŎƻƴǎƛŘŜǊŀǘƛƻƴ ōŜŎŀǳǎŜ ǘƘŜ ŦƻǊƳŜǊ represents a 

transfer of production from one location to another (i.e., no net reduction), while the latter, by definition, does 

not include any enhancement activities.
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Table 1a. Chesapeake Bay oyster practices identified by the Panel based on oyster fate, fisheries management approach, oyster culture type/ploidy, and 

activity/culture method.  This report includes recommendations for the oyster practice categories related to private oyster aquaculture (depicted by the red 

box).  Oyster practice categories related to the public fishery and oyster reef restoration will be covered in future reports.      

Chesapeake Bay Oyster Practices 
Oyster Fate Oysters removed (harvested) from waterbody Oysters remain in waterbody 

Fisheries 
Management 
Approach 

Private oyster aquaculture (water column and bottom leases) Public fishery  Oyster reef restoration (sanctuaries) 

Oyster Culture 
Type/ Ploidy 

Hatchery-produced diploid 
or triploid oysters 

Wild oysters (diploid) 

Hatchery-
produced 

diploid 
oysters 

Wild oysters (diploid) 
Hatchery-
produced 

diploid oysters 
Wild oysters (diploid) 

Activity/Culture 
Method 

Hatchery-
produced 
oysters 

grown off 
the bottom 
using some 
sort of gear 

(e.g., 
floating 

rafts near 
the surface 

or cages 
near the 
bottom) 

Hatchery-
produced 
oysters 

grown on 
the bottom 

using no 
gear 

Moving wild 
oysters from 
one location 
to another 

Addition of 
substrate 

to the 
bottom to 
enhance 

recruitment 
of wild 
oyster 
larvae 

None 

Addition of 
hatchery-
produced 

oysters (e.g. 
spat-on-

shell) 

Moving wild 
oyster from 
one location 
to another 

Addition of 
substrate 

to enhance 
recruitment 

of wild 
larvae 

None 

Sanctuary 
creation 

followed by 
addition of 
hatchery-
produced 
oysters 

Sanctuary 
creation 

followed by 
addition of 
substrate 

Sanctuary 
creation 

Oyster Practice 
Title 

Off-bottom 
private 
oyster 

aquaculture 
using 

hatchery-
produced 
oysters 

On-bottom 
private 
oyster 

aquaculture 
using 

hatchery-
produced 
oysters 

On-bottom 
private 
oyster 

aquaculture 
using 

transplanted 
wild oysters 

On-bottom 
private 
oyster 

aquaculture 
using 

substrate 
addition 

Private 
oyster 

aquaculture 
with no 
activity 

On-bottom 
public fishery 

oyster 
production 

using 
hatchery-
produced 
oysters 

On-bottom 
public 
fishery 
oyster 

production 
using 

transplanted 
wild oysters 

On-bottom 
public 
fishery 
oyster 

production 
using 

substrate 
addition 

Public 
fishery 
with 
no 

activity 

Active oyster 
reef restoration 
using hatchery-

produced 
oysters 

Active 
oyster reef 
restoration 
using wild 
oysters 

Passive 
oyster reef 
restoration 

Oyster Practice 
Category 

A B C D E F G H I J K L 

*Panel 
Recommends 
for BMP 
Consideration 

Yes Yes No Yes No TBD TBD TBD TBD TBD TBD TBD 

   * ¢ƘŜ tŀƴŜƭΩǎ ŘŜŎƛǎƛƻƴ ŎƻƴŎŜǊƴƛƴƎ ǿƘƛŎƘ ƻȅǎǘŜǊ ǇǊŀŎǘƛŎŜ ŎŀǘŜƎƻǊƛŜǎ ǘƘŜȅ ǿƻǳƭŘ ǊŜŎƻƳƳŜƴŘ ŦƻǊ .at ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǿŀǎ ōŀǎŜŘ ƻƴ ǿƘŜǘher the practices include an enhancement activity that could 

result in the overall production of new oysters (i.e., the reduction effectiveness can be attributed to the practice)Φ  ά¸Ŝǎέ indicates that the Panel supports the use of the recommended reduction 

effectiveness estimates for those practices because they could result in a reduction of the pollutants, while "No" indicates non-endorsement because there would be no reduction as a result of the 

ǇǊŀŎǘƛŎŜΦ  ά¢.5Ϧ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜǎŜ ǇǊŀŎǘƛŎŜǎ ŀǊŜ ǎǘƛƭƭ ōŜƛƴƎ ŜǾŀƭǳŀǘŜŘ ōȅ ǘƘŜ tŀƴŜƭ ŀƴŘ ǘƘŜƛǊ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ǿƛƭƭ ōŜ ǇǊŜǎŜnted in a future report.   
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The Panel also identified eight oyster-associated nitrogen, phosphorus, and suspended sediment reduction 

processes (further described in Section 6.0): 

 

1. Nitrogen Assimilation in Oyster Tissue 

2. Nitrogen Assimilation in Oyster Shell 

3. Enhanced Denitrification Associated with Oysters 

4. Phosphorus Assimilation in Oyster Tissue 

5. Phosphorus Assimilation in Oyster Shell 

6. Suspended Sediment Reduction Associated with Oysters 

7. Enhanced Nitrogen Burial Associated with Oysters 

8. Enhanced Phosphorus Burial Associated with Oysters 

 

When paired with the oyster practice categories, this created 96 unique oyster practice category-reduction 

effectiveness crediting protocol combinations όƘŜǊŜŀŦǘŜǊΣ άǇǊŀŎǘƛŎŜ-ǇǊƻǘƻŎƻƭ ŎƻƳōƛƴŀǘƛƻƴέύ in which oysters 

could reduce nutrients and suspended sediments in Chesapeake Bay.  The Panel decided they could move 

forward with recommending reduction effectiveness estimates for some of these combinations, while others 

they felt needed more deliberation due to various outstanding scientific and policy issues.  In light of this, and 

the interest the CBP has expressed in considering the tŀƴŜƭΩǎ recommendations in the Chesapeake Bay TMDL 

2017 midpoint assessment, the Panel decided to submit its recommendations incrementally, allowing the 

reduction effectiveness protocols for some practices to be applied in a timelier manner.  This approach is in 

ƭƛƴŜ ǿƛǘƘ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ŘŜŎƛǎƛƻƴ ŦǊŀƳŜǿƻǊƪ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ƻȅǎǘŜǊ 

practices for BMP application (further described in Section 4.0).  The Panel is following the procedures outlined 

in the CBP PŀǊǘƴŜǊǎƘƛǇΩǎ Wǳƭȅ моΣ нлмр .at 9ȄǇŜǊǘ wŜǾƛŜǿ tǊƻǘƻŎƻƭ (CBP 2015).  Appendix B describes this 

ǊŜǇƻǊǘΩǎ ŎƻƴŦƻrmity with this protocol and additional information concerning BMP application.   

 

¢ƘŜ tŀƴŜƭΩǎ ǊŜǇƻǊǘ ǎŎƘŜŘǳƭŜ ŦƻǊ ǘƘŜǎŜ ŘƛŦŦŜǊŜƴǘ ŎƻƳōƛƴŀǘƛƻƴǎ ƛǎ ǇǊŜǎŜƴǘŜŘ in Table 1b, which highlights the 

combinations found in this report (1st), those tentatively scheduled for the next report (2nd), and those that are 

put on hold for Panel deliberation due to outstanding policy issues (i.e., legality of allowing nutrient 

sequestration and sediment deposition to be included in the reduction effectiveness estimate for a tidal in-

water BMP).  Oyster BMP policy issues are currently being discussed within the CBP Partnership Management 

Board.  
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Table 1b.  ¢ƘŜ tŀƴŜƭΩǎ Ǉƭanned report schedule for the 96 oyster practice category-reduction effectiveness crediting protocol combinations.  The 

recommendations found in this report arŜ ƭŀōŜƭŜŘ άмstΣέ ǘƘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǇƭŀƴƴŜŘ ŦƻǊ ǘƘŜ ǎŜŎƻƴŘ ƛƴŎǊŜƳŜƴǘŀƭ ǊŜǇƻǊǘ ŀǊŜ ƭŀōŜƭŜŘ άнndΣέ ŀƴŘ 

ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǘƘŀǘ ŀǊŜ ƭŀōŜƭŜŘ ŀǎ άƻƴ ƘƻƭŘέ ŘǳŜ ǘƻ ƻǳǘǎǘŀƴŘƛƴƎ ǇƻƭƛŎȅ ƛǎǎǳŜǎ ǿƛƭƭ ƭƛƪŜƭȅ ōŜ ǊŜƭŜŀǎŜŘ ƛƴ ŀ ǘƘƛǊŘ ǊŜŎƻƳƳŜƴŘŀǘion report.  

 

Oyster Practice Category 

x Crediting Protocol 

A. Off-

bottom 

private 

oyster 

aquaculture 

using 

hatchery-

produced 

oysters

B. On-

bottom 

private 

oyster 

aquaculture 

using 

hatchery-

produced 

oysters

C. On-

bottom 

private 

oyster 

aquaculture 

using 

transplanted 

wild oysters

D. On-

bottom 

private 

oyster 

aquaculture 

using 

substrate 

addition

E. Private 

oyster 

aquaculture 

with no 

activity

F. On-

bottom 

public 

fishery 

oyster 

production 

using 

hatchery-

produced 

oysters

G. On-

bottom 

public 

fishery 

oyster 

production 

using 

transplanted 

wild oysters

H. On-

bottom 

public 

fishery 

oyster 

production 

using 

substrate 

addition

I. Public 

fishery with 

no activity

J. Active 

oyster reef 

restoration 

using 

hatchery-

produced 

oysters

K. Active 

oyster reef 

restoration 

using wild 

oysters

L. Passive 

oyster reef 

restoration

1. Nitrogen Assimilation 

in Oyster Tissue
1st 1st 1st 1st 1st 2nd 2nd 2nd 2nd On hold On hold On hold

2. Nitrogen Assimilation 

in Oyster Shell
2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd On hold On hold On hold

3. Enhanced 

Denitrification Associated 

with Oysters

2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 

4. Phosphorus 

Assimilation in Oyster 

Tissue

1st 1st 1st 1st 1st 2nd 2nd 2nd 2nd On hold On hold On hold

5. Phosphorus 

Assimilation in Oyster 

Shell

2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd On hold On hold On hold

6. Suspended Sediment 

Reduction Associated 

with Oysters

On hold On hold On hold On hold On hold On hold On hold On hold On hold On hold On hold On hold

7. Enhanced Nitrogen 

Burial Associated with 

Oysters

On hold On hold On hold On hold On hold On hold On hold On hold On hold On hold On hold On hold

8. Enhanced Phosphorus 

Burial Associated with 

Oysters

On hold On hold On hold On hold On hold On hold On hold On hold On hold On hold On hold On hold

Private Oyster Aquaculture Public Fishery Oyster Reef Restoration 
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In summary, tƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǳƴŘ ƛƴ ǘƘƛǎ ŦƛǊǎǘ ƛƴŎǊŜƳŜƴǘŀƭ ǊŜǇƻǊǘ ƛƴŎƭǳŘŜΥ 

 

¶ A decision framework to determine the nutrient and suspended sediment reduction effectiveness of 

ƻȅǎǘŜǊ ǇǊŀŎǘƛŎŜǎΣ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άhȅǎǘŜǊ .at bǳǘǊƛŜƴǘ ŀƴŘ {ǳǎǇŜƴŘŜŘ {ŜŘƛƳŜƴǘ wŜduction 

9ŦŦŜŎǘƛǾŜƴŜǎǎ 5ŜǘŜǊƳƛƴŀǘƛƻƴ 5ŜŎƛǎƛƻƴ CǊŀƳŜǿƻǊƪέ ƻǊ ǎƛƳǇƭȅ ά5ŜŎƛǎƛƻƴ CǊŀƳŜǿƻǊƪέ ǘƘǊƻǳƎƘƻǳǘ ǘƘƛǎ 

report. 

 

¶ Default reduction effectiveness estimates ŦƻǊ ǘƘŜ άbƛǘǊƻƎŜƴ !ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ hȅǎǘŜǊ ¢ƛǎǎǳŜέ ŀƴŘ 

άtƘƻǎǇƘƻǊǳǎ !ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ hȅǎǘŜǊ ¢ƛǎǎǳŜέ protocols and a methodology to establish site-specific 

estimates for the following private oyster aquaculture-related oyster practices: Off-bottom private 

oyster aquaculture using hatchery-produced oysters, on-bottom private oyster aquaculture using 

hatchery-produced oysters, and on-bottom private oyster aquaculture using substrate addition. 

 

Public/stakeholder engagement and outreach included the Panel hosting an open public stakeholder meeting 

on November 2, 2015, offering two review opportunities for CBP Partnership and public feedback on 

preliminary recommendations (February and April 2016), six open briefings to the CBP Water Quality Goal 

Implementation Team (WQGIT) with notifications sent to interested parties, and several public 

presentations/webinars.  Details of these engagement/outreach efforts are presented in Appendix A.  The 

Panel also had a 30-day review period for the CBP Partnership and interested parties from September 22 to 

October 22, 2016.  A response to comments document was provided as supplemental materials to the CBP 

Partnership and presented during the November 28, 2016 WQGIT meeting (see Appendix A for link to 

materials).  The response to comments document highlights where the Panel made adjustments to this report 

based on feedback they received from the CBP Partnership and interested parties.  

 

The WQGIT determined that policy issues raised by the Panel and stakeholders were outside the purview of 

ǘƘŜ tŀƴŜƭΩǎ ŎƘŀǊƎŜ and would be evaluated by the CBP Partnership Management Board.  The CBP Partnership 

Management Board is working on resolving these policy issues in parallel to the Oyster BMP Expert Panel 

ŘŜǾŜƭƻǇƛƴƎ ǊŜŘǳŎǘƛƻƴ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΦ  Lǘ ƛǎ ǘƘŜ tŀƴŜƭΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŀǘ ǳƴǊŜǎƻƭǾŜŘ ǇƻƭƛŎȅ 

issues will not prevent a decision ƻƴ ǘƘŜ tŀƴŜƭΩǎ ǊŜǇƻǊǘ ǎƛƴŎŜ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻŎǳǎ ƻƴ ǘƘŜ 

scientific and technical aspects concerning the reduction effectiveness of oyster practices.  The Panel is using 

the policy decisions from the Management Board to help prioritize which practice-protocol combinations to 

focus on for each incremental report.  The Panel has incorporated the relevant policy decisions from the June 

15, 2016 Special Management Board Meeting2 in this report.  Lǘ ƛǎ ƛƴ ǘƘŜ tŀƴŜƭΩǎ ƻǇƛƴƛƻƴ ǘƘŀǘ the 

recommendations found in this first incremental report are not influenced by any of the outstanding policy 

issues.    

 

The Panel is asking the WQGIT, in coordination with the CBP Partnership and Fisheries and Habitat Goal 

Implementation Teams, to review and approve the recommendations found in this first incremental report.  

                                                           
2 Policy decisions from the June 15, 2016 Special Management Board meeting can be found at 
http://www.chesapeakebay.net/calendar/event/24109/ 

http://www.chesapeakebay.net/calendar/event/24109/
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The Panel recommends that, once a reduction effectiveness crediting protocol is approved for a given oyster 

practice category (Table 1a), it can be implemented for the practices within that category (see Section 5.0 for 

oyster practice definitions and Section 6.0 for descriptions of the oyster-associated reduction processes the 

protocols are based on).  The Panel also recommends allowing incremental determination, approval, and 

implementation of nitrogen, phosphorus, and suspended sediment reduction effectiveness estimates where 

science exists for the various oyster practices as detailed in its Oyster BMP Nutrient and Suspended Sediment 

Reduction Effectiveness Determination Decision Framework (described in Section 4.0).  The Panel felt that this 

Decision Framework would allow the most practical and adaptive strategy in implementing oyster practices as 

BMPs given the variety of oyster practices and the wide range in the amount of science available to evaluate 

the reduction effectiveness of the various practice-protocol combinations.    

          

 

2.0 Summary of Panel Recommendations in this Report 
 

The Oyster BMP Expert Panel recommends that the CBP Partnership adopt a decision framework that allows 

the incremental determination, approval, and implementation of individual crediting protocols associated with 

ƻȅǎǘŜǊǎΩ reduction effectiveness of nitrogen, phosphorus, and suspended sediment, applied to different oyster 

practice categories (further described in Section 4.0).  ¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ƻȅǎǘŜǊ ǇǊŀŎǘƛŎŜ ŎŀǘŜƎƻǊƛŜǎ ŀǊŜ 

based on grouping individual oyster practices that would have similar reduction effectiveness considerations 

(further described in Section 5.0).  ¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ǊŜŘǳŎǘƛƻƴ ŜŦŦŜŎǘiveness protocols are based on 

oyster-associated processes that reduce nitrogen, phosphorus, and suspended sediment (further described in 

Section 6.0).   

 

¢Ƙƛǎ ŦƛǊǎǘ ƛƴŎǊŜƳŜƴǘŀƭ ǊŜǇƻǊǘ ŘŜǎŎǊƛōŜǎ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ŜŦŦŜŎǘƛǾeness 

ŜǎǘƛƳŀǘŜǎ ŦƻǊ ǘƘŜ άbƛǘǊƻƎŜƴ !ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ hȅǎǘŜǊ ¢ƛǎǎǳŜέ ŀƴŘ ǘƘŜ άtƘƻǎǇƘƻǊǳǎ !ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ hȅǎǘŜǊ ¢ƛǎǎǳŜέ 

reduction effectiveness crediting protocols specific to C. virginica oysters when they are removed (harvested) 

from the water via private oyster aquaculture practices.  The Panel is endorsing these recommendations only 

for practices in the following oyster practice categories (see description of practices in Section 5.0):  

 

¶ Off-bottom private oyster aquaculture using hatchery-produced oysters 

¶ On-bottom private oyster aquaculture using hatchery-produced oysters 

¶ On-bottom private oyster aquaculture using substrate addition 

  

The Panel is still discussing these protocols for the oyster practice categories involving the public fishery and 

oyster reef restoration (Table 1a) and will present their recommendations in a future report.  Table 2a 

summarizes ǘƘŜ tŀƴŜƭΩǎ reduction effectiveness determination status for the identified private oyster 

aquaculture practice-protocol combinations.   
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Table 2a.  The reduction effectiveness determination status for ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳmended oyster practice 

category-reduction effectiveness crediting protocol combinations for private oyster aquaculture categories.  

άІέ indicates that the Panel has recommended a reduction effectiveness estimate that is ready for 

implementation use ƻƴŎŜ ŀǇǇǊƻǾŜŘΣ ά5έ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ Panel is still deliberating on this combination and 

will present recommendations in a future reportΣ άX-Practiceέ ƛƴŘƛŎŀǘŜǎ ǘƘŜ tŀƴŜƭΩǎ ŘŜŎƛǎƛƻƴ ǘƻ ƴƻǘ ŜƴŘorse the 

practice-protocol combination for BMP consideration because it lacks an enhancement activity that could 

increase oyster production (i.e., there would be no net reduction in pollutants attributed to the practice), and       

άΚ - tƻƭƛŎȅέ ƛƴŘƛŎŀǘŜǎ ǘhat there is an outstanding policy issue still being deliberated on by the CBP Partnership 

Management Board and that Panel deliberations are currently on hold until the policy issues are resolved. 

 

 
 

For protocols where sufficient science exists to establish the reduction effectiveness for an oyster practice 

category (e.g., practice-protocol combination indicated by ǘƘŜ άІέ ǎȅƳōƻƭ ƛƴ ¢ŀōƭŜ нŀύ, the Panel recommends 

that once it is approved by the WQGIT, in coordination with the CBP Partnership and Habitat and Fisheries 

GITs, it becomes available as a BMP option that State and local governments can consider to select, fund, and 

implement within their jurisdictions to meet their water quality goals.  The Panel recognizes that after 

approval of any recommended reduction effectiveness estimates, implementation and verification procedures 

would need to be established and outstanding policy issues resolved using approved procedures from the CBP 

Partnership.  The Panel encourages the CBP Partnership to incorporate opportunities for stakeholder 

involvement and input during these procedure/policy-related determinations.   

 

Oyster Practice Category x 

Crediting Protocol 

A. Off-bottom 

private oyster 

aquaculture using 

hatchery-

produced oysters

B. On-bottom 

private oyster 

aquaculture using 

hatchery-

produced oysters

C. On-bottom 

private oyster 

aquaculture using 

transplanted wild 

oysters

D. On-bottom 

private oyster 

aquaculture using 

substrate 

addition

E. Private oyster 

aquaculture with 

no activity

1. Nitrogen Assimilation in 

Oyster Tissue
# # X-Practice # X-Practice

2. Nitrogen Assimilation in 

Oyster Shell
D D X-Practice D X-Practice

3. Enhanced Denitrification 

Associated with Oysters
D D X-Practice D X-Practice

4. Phosphorus Assimilation in 

Oyster Tissue
# # X-Practice # X-Practice

5. Phosphorus Assimilation in 

Oyster Shell
D D X-Practice D X-Practice

6. Suspended Sediment 

Reduction Associated with 

Oysters

? - Policy ? - Policy X-Practice ? - Policy X-Practice

7. Enhanced Nitrogen Burial 

Associated with Oysters
? - Policy ? - Policy X-Practice ? - Policy X-Practice

8. Enhanced Phosphorus 

Burial Associated with Oysters
? - Policy ? - Policy X-Practice ? - Policy X-Practice

Private Oyster Aquaculture
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For practice-protocol combinations where the Panel determines ǘƘŜǊŜ ƛǎƴΩǘ ǎǳŦŦƛŎƛŜƴǘ ǎŎƛŜƴŎŜ, the Panel 

recommends that once sufficient science is available, it be evaluated by an Expert Panel following the tŀƴŜƭΩǎ 

recommended Decision Framework and the CBP Partnership BMP Review Protocol (CBP 2015) to determine 

the reduction effectiveness and approval.  According to ǘƘŜ tŀƴŜƭΩǎ incremental approach, once approved, the 

practice-protocol combination would be added as a BMP option along with the other approved oyster BMPs.  

In order to use multiple protocols for a practice, the BMP implementer would need to fulfill the qualifying 

conditions for each protocol they would like to use.  For protocols that address the same pollutant, the 

reduction effectiveness values would be added together for the total nitrogen, phosphorus, or suspended 

sediment reduction effectiveness. 

 

The Panel is recommending the following reduction effectiveness estimates ŦƻǊ ǘƘŜ άbƛǘǊƻƎŜƴ !ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ 

hȅǎǘŜǊ ¢ƛǎǎǳŜέ ŀƴŘ άtƘƻǎǇƘƻǊǳǎ !ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ hȅǎǘŜǊ ¢ƛǎǎǳŜέ ǇǊƻǘƻŎƻƭǎ for endorsed private oyster 

aquaculture practices: 

 

1. Default diploid and triploid estimates regardless of location (Section 7.1). 

 

2. Site-specific estimates that can be pursued by the BMP implementer, in coordination with the 

Chesapeake Bay Partnership and reporting jurisdictionΣ ǳǎƛƴƎ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ƳŜǘƘƻŘƻƭƻƎȅ 

(Section 7.2). 

 

The recommended default diploid and triploid reduction effectiveness estimates use 50th quantile regression 

equations to convert oyster shell height to tissue dry weight, applying the regression equations using the 

midpoints from established oyster size classes to determine the tissue dry weight, and then multiplying the 

tissue dry weight by the percent nitrogen and phosphorus contents in oyster tissue.  ¢ƘŜ tŀƴŜƭΩǎ ŘŜŦŀǳƭǘ 

estimates for diploid and triploid oysters are presented in Table 2b.  The method and rationale for the default 

estimates can be found in Section 7.1 and Appendix D. 
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Table 2b. The tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ default nitrogen and phosphorus reduction effectiveness estimates in 

oyster tissue for diploid and triploid oysters.  These estimates were derived by using the midpoint of the 

recommended oyster size classes in millimeters in the diploid or triploid 50th quantile regression equations to 

determine the tissue dry weight in grams for each size class.  The calculated tissue dry weight was then 

multiplied by the recommended 8.2% and 0.9% average nitrogen and phosphorus contents in oyster tissue by 

dry weight, respectively, to determine the grams of nitrogen and phosphorus in the oysters within that size 

class.  

Default Estimates  

Oyster Size Class 
Range 

(inches) 

Size Class 
Midpoint  
(inches) 

Size Class 
Midpoint  

(mm) 

Content in Oyster Tissue (g/oyster) 

Diploid* Triploid**  

NitrogenϞ Phosphorusϟ NitrogenϞ Phosphorusϟ 

2.0 - 2.49 2.25 57 0.05 0.01 0.06 0.01 

2.5 - 3.49 3 76 0.09 0.01 0.13 0.01 

3.5 - 4.49  4 102 0.15 0.02 0.26 0.03 

4.5 - 5.49 5 127 0.22 0.02 0.44 0.05 

җ рΦр 6 152 0.31 0.03 0.67 0.07 

 

 

 

 

 

 

The Panel also recommends that the CBP Partnership adopt an approach that allows the BMP implementers to 

establish site-specific nitrogen and phosphorus reduction effectiveness estimates for their oyster practice.  The 

Panel used a conservative approach to develop the default estimates, therefore, they likely underestimate the 

overall nitrogen and phosphorus reduction effectiveness.  Site-specific estimates would offer an opportunity to 

refine the estimates to better reflect the nitrogen and phosphorus reduction effectiveness of that practice in 

the specific location it occurs.  ¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ ŘŜǘŜǊƳƛƴŜ ǎƛǘŜ-specific estimates is 

described in Section 7.2.  It involves the practice working with the CBP Partnership to determine their 

representative oyster size classes and average tissue biomass associated with their practice.   

 

The Panel recommends the following qualifying conditions to be applied to both the default and site-specific 

estimates (Section 8.0): 

  

¶ Only includes oysters that are removed moving forward from the time the BMP is 

approved/implemented for reduction effectiveness credit in the TMDL.  This baseline condition was 

proposed by the CBP Partnership Management Board and the Panel concurs with their decision. 

 

¶ Oysters had to have be grown from initial sizes < 2.0 inches shell height.       

 

¶ Oysters have to be alive when removed to count toward the reduction effectiveness. 

*Diploid 50th quantile regression equation: tissue dry weight (g) = 0.0004 * Shell Height (mm)1.82   
**Triploid 50th quantile regression equation: tissue dry weight (g) = 0.00005 * Shell Height (mm)2.39 
ϞуΦн҈ ŀǾŜǊŀƎŜ ƴƛǘǊƻƎŜƴ ŎƻƴǘŜƴǘ ƛƴ ƻȅǎǘŜǊ ǘƛǎǎǳŜ ŘǊȅ ǿŜƛƎƘǘ (based on seven studies in waterbodies along the Atlantic Coast; used the average 
of the site means for studies outside of Chesapeake Bay; site-specific averages were used for studies within Chesapeake Bay)  
ϟлΦф҈ ŀǾŜǊŀƎŜ ǇƘƻǎǇƘƻǊǳǎ ŎƻƴǘŜƴǘ ƛƴ ƻȅǎǘŜǊ ǘƛǎǎǳŜ dry weight (based on three studies in Chesapeake Bay; same averaging approach as 
nitrogen, but only studies in Chesapeake Bay were found). 
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¢ƘŜ tŀƴŜƭΩǎ recommended application and verification guidelines can be found in Section 9.0.  The Panel is of 

the opinion that reporting oyster harvest in individuals is the preferred approach, since the total number of 

oysters is needed to calculate the reduction effectiveness.  However, they also recognized that other units 

(e.g., bushels, boxes) are currently being used by States for reporting oyster harvest.  Therefore, ǘƘŜ tŀƴŜƭΩǎ 

recommended application and verification guidelines in Section 9.0 were developed to account for the use of 

different reporting units in a way that would offer flexibility to reporting jurisdictions (i.e., State agencies) in 

verifying the reduction effectiveness in a scientifically-defensible manner.  Briefly, the Panel identified three 

types of data that would be needed to apply the reduction effectiveness estimates under different harvest 

reporting unit scenarios: type and total number of containers, average number of oysters in each container, 

and average size of oysters in each container type.  The Panel also identified two ways in which oyster 

aquaculturists are packaging oysters, 1) variable sized oysters together in the same container and 2) uniform 

sized oysters in separate containers.  The first approach is more relevant to on-bottom growers and the second 

approach is more relevant to off-bottom growers.  ¢ƘŜ tŀƴŜƭΩǎ ǾŜǊƛŦƛŎŀǘƛƻƴ ƎǳƛŘŜƭƛƴŜǎ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ǇŀŎƪŀƎƛƴƎ 

approach.  If packaging variable sized oysters in the same container, then the implementer can only report in 

one oyster size class determined by the average shell height of 50 random oysters per two time periods that 

are approximately 6 months apart.  If packaging uniform sized oysters in separate containers then the 

implementer can report in multiple oyster size classes determined by the average shell height of 50 random 

oysters per two time periods that are approximately 6 months apart for each size class that they are reporting 

in.  For both packaging approaches, the Panel recommends that the number of oysters per container is 

determined by counting the oysters from 10 containers and using the average.  In instances where ploidy 

designation or verification measurements are missing, the Panel recommends using the diploid estimates with 

the minimum legal size of harvested oysters and State documented information specifying the average 

number of minimum legal sized oysters that can be packaged in a specific container.  Examples of these 

approaches are presented in Section 9.4.  Ultimately, it will be the reporting jurisdictions, in coordination with 

the CBP Partnership, that decide on which reporting unit to implement.          

 

There are also instances where oysters are moved by a single oyster aquaculture entity from the initial grow-

out location to another location in the Chesapeake Bay or its tributaries.  The Panel identified two movement 

scenarios related to the application of the reduction effectiveness estimates: 1) oysters less than two inches 

are moved from their initial grow-out location to a final grow-out location where they are harvested and 2) 

oysters are grown predominantly in the initial grow-out location and are moved to the final grow-out location 

for a short amount of time (typically less than three months).  If aquaculturists use the first strategy, then the 

Panel recommends that the entire reduction effectiveness credit is applied to the final grow-out location since 

the initial grow-out location would not qualify to receive any credit because the reduction effectiveness 

estimates only apply when oysters are greater than 2.0 inches.  If the second strategy is used, then the Panel 

recommends that the entire reduction effectiveness credit is applied to the initial grow-out location because 

the oysters were predominantly growing and assimilating nutrients from that area.  To determine which 

movement crediting scenario to apply, the Panel suggests measuring the shell height of 50 random oysters and 

calculating the average before they are placed in the final grow-out location.  Both the default and site-specific 

estimates would be applicable for these movement scenarios.  However, for the site-specific estimate, the 
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aquaculture practice must have approved estimates for the location that is receiving the credit.  In developing 

the above recommendations, the PanelΩǎ ƛntent was that the aquaculture entity moving the oysters from the 

initial grow-out location would also be removing the oysters from the final grow-out location for reduction 

effectiveness credit.   

 

The Panel recommends the following information to be reported if oysters are grown in one location or 

multiple locations: 

 

If oysters are grown at one location 

¶ Ploidy: Diploid or triploid oysters 

¶ Type of aquaculture practice: Off-bottom Private Oyster Aquaculture Using Hatchery-Produced 

Oysters, On-Bottom Private Oyster Aquaculture using Hatchery-Produced Oysters, or On-Bottom 

Private Oyster Aquaculture Using Substrate Addition 

¶ Reporting unit: Bushels, boxes, other container (indicate what type), or individuals 

¶ Packaging type: Variable oyster sizes or uniform oyster sizes  

¶ Central coordinates (latitude and longitude) of location (also referred to as initial grow-out location)  

¶ Month/year removed from final grow-out location 

¶ Number of containers of live oysters or individual oysters from final grow-out location  

¶ Oyster count average for unit verification check (10 representative containers per two time periods 

from final grow-out location) 

¶ Shell height average(s) for oyster size verification check (50 random oysters from 10 containers per 

two time periods from final grow-out location) 

 

Additional reporting if oysters are grown at multiple locations 

¶ Central coordinates (latitude and longitude) of the final grow-out location  

¶ Month/year oysters were moved to the final grow-out location 

¶ Average oyster shell height of 50 random oysters before being placed in the final grow-out location 

(verification check to know whether to apply the credit to the initial or final grow-out location) 

 

¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ŜǎǘƛƳŀǘŜǎ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ǘƻ ōŜ ǊŜǇƻǊǘŜŘ ŀƴƴǳŀƭƭȅ ōŀǎŜŘ ƻƴ ǊŜƳƻǾŜŘ (harvested) 

live oysters.  As a result, any reduction effectiveness credits generated from these practices would only be 

applicable for the annual timeframe during which the live oysters are harvested.  Therefore, the reporting 

jurisdiction will need to report the number of oysters harvested or pounds reduced annually.  For oyster 

practices participating as a BMP, the Panel recommends that the reporting jurisdiction incorporates these 

components in existing monthly reports to track the BMP (e.g., State monthly harvest reports).  The Panel 

recommends re-evaluation of estimates every 5 years, if new science becomes available, following the 

established re-evaluation procedures for existing estimates in the CBP Partnership BMP Expert Review 

Protocol (CBP 2015).   
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The technical requirements for reporting and simulating the private oyster aquaculture practices in the Phase 

6 watershed model are described in Appendix F and were developed by the CBP Modeling Team based on 

ǊŜǾƛŜǿƛƴƎ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǇǊŜǎŜnted in this report.   

  

3.0 Expert Panel Membership and Charge 
 

3.1 Panel Membership 

 

The Panel includes oyster scientists and practitioners from the East Coast region, including representatives 

from academia, non-profit organizations, and county, state, and federal agencies who have expertise in oyster 

biology/ecology, water quality, fishery management, and/or oyster practice implementation (Table 3a). 

 

Table 3a.  Experts participating in the Oyster BMP Expert Panel 

Panelists Affiliation Expertise 

Jeff Cornwell  
(Panel Chair) 

U. of Maryland Center for 
Environmental Science (UMCES) 

Oyster filter-feeding, nutrient cycling dynamics, modeling, 
sediment biogeochemistry, oyster ecology, population 
dynamics 

Suzanne Bricker 
NOAA, National Centers for Coastal 
Ocean Science 

Nutrient-related water quality research, oyster and 
nutrient cycling modeling 

Lynn Fegley 
Maryland Department of Natural 
Resources, Fisheries Service 

Fisheries management 

Karen Hudson 
Virginia Institute of Marine Science 
(VIMS) 

Shellfish Aquaculture 

Lisa Kellogg 
Virginia Institute of Marine Science 
(VIMS) 

Oyster reef ecology and restoration, oyster filter-feeding 
and nutrient cycling dynamics 

Andy Lacatell The Nature Conservancy (TNC) Oyster restoration 

Mark Luckenbach 
Virginia Institute of Marine Science 
(VIMS) 

Oyster ecology and restoration; interactions between 
shellfish aquaculture and the environment; land-use 
practices and water quality in tidal water environments 

Chris Moore Chesapeake Bay Foundation (CBF) 
Fisheries and oyster restoration, oyster aquaculture, water 
quality, implementation of Chesapeake Bay TMDL, BMP 
review 

Matt Parker 
Sea Grant at U. of Maryland, Prince 
DŜƻǊƎŜΩǎ /ƻǳƴǘȅ hŦŦƛŎŜ 

Oyster aquaculture, business planning 

Ken Paynter 
U. of Maryland Marine, Estuarine, 
Environmental Sciences/Chesapeake 
Bay Laboratory 

Oyster restoration, oyster biology and population dynamics 

Julie Rose 
NOAA Northeast Fisheries Science 
Center, Milford Lab 

Nutrient bioextraction, marine spatial planning for shellfish 
activities, aquaculture-environment interactions 

Larry Sanford 
U. of Maryland Center for 
Environmental Science (UMCES) 

Coastal physical oceanography, sediment transport, 
oceanographic instrumentation 

Bill Wolinski 
Talbot County Department of Public 
Works 

Watershed Implementation Plans, BMP implementation, 
water quality  
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Advisors Affiliation Expertise 

Lew Linker  
U.S. EPA Chesapeake Bay Program 
Office 

Chesapeake Bay Modeling Team Representative  

Jeff Sweeney/Matt 
Johnston  

U.S. EPA Chesapeake Bay Program 
Office 

Watershed Technical Workgroup (WTWG) Representative 

Ed Ambrogio  U.S. EPA Region III EPA Region 3 Representative 

Lucinda Power  
U.S. EPA Chesapeake Bay Program 
Office 

Water Quality Goal Implementation Team Representative 

Rich Batiuk  
U.S. EPA Chesapeake Bay Program 
Office 

BMP Verification Representative 

Coordinators Affiliation Expertise 

Julie Reichert-Nguyen Oyster Recovery Partnership 
Coordination and facilitation, Clean Water Act, TMDL 
program, water quality, fisheries science, climate change, 
ocean acidification 

Ward Slacum Oyster Recovery Partnership 
Program management, oyster restoration, environmental 
monitoring, fisheries ecology 

Emily French Oyster Recovery Partnership 
Seagrass ecology, water quality monitoring, oyster 
restoration 

Guests Affiliation Expertise 

Carl Cerco US Army Corps of Engineers Water Quality Modeling  

Tom Schuler Chesapeake Stormwater Network Stormwater BMPs 

Stephan Abel Oyster Recovery Partnership Implementation 

 

 

3.2 Panel Charge 
 

The Oyster BMP Expert Panel was charged with fulfilling three overall goals based on the Chesapeake Bay 

tǊƻƎǊŀƳ tŀǊǘƴŜǊǎƘƛǇΩǎ 9ȄǇŜǊǘ .at tŀƴŜƭ wŜǾƛŜǿ tǊƻǘƻŎƻƭ ŦƻǊ ƴǳǘǊƛŜƴǘ όƴƛǘǊƻƎŜƴ ŀƴŘ ǇƘƻǎǇƘƻǊǳǎύ ŀƴŘ 

sediment controls: 

 

1. Reach a consensus on acceptable nutrient and suspended sediment reduction effectiveness estimates 

for oyster practices in Chesapeake Bay based on existing science.  

 

2. Determine a methodology to update these estimates when new science becomes available. 

 

3. Establish reduction effectiveness crediting and verification guidelines as it relates to their application 

ƛƴ ǘƘŜ /.t ǇŀǊǘƴŜǊǎƘƛǇΩǎ ƳƻŘŜƭ ŦǊŀƳŜǿƻǊƪ ǳǎŜŘ ǘƻ ƛƴŦƻǊƳ ǘƘŜ /ƘŜǎŀǇŜŀƪŜ .ŀȅ ¢a5[Φ 

 

To support the achievement of the above goals, the Oyster BMP Expert Panel is focusing on the following three 

charge items: 
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Charge Item 1: Identify and define oyster practices, including aquaculture and restoration activities, 

for nutrient reduction BMP consideration.  Evaluate whether existing science supports the evaluation 

of sediment reduction effectiveness. 

 

Charge Item 2: Develop a reduction effectiveness crediting decision framework that will allow the 

incremental approval of nutrient and suspended sediment reduction effectiveness estimates based on 

oyster-associated processes (e.g., nitrogen and phosphorus assimilation in tissue, nitrogen and 

phosphorus assimilation in shell, nitrogen removal via denitrification) for various oyster practices.   

 

Charge Item 3: Use the established reduction effectiveness decision framework from charge item 2 to 

propose reduction effectiveness estimates that are determined to have sufficient science to help 

inform the Chesapeake Bay TMDL 2017 Midpoint Assessment. 

 

3.2.1 Key changes from the Oyster BMP Expert Panel Charge 
 

¶ In the Panel charge,3 ǘƘŜ ŘŜŎƛǎƛƻƴ ŦǊŀƳŜǿƻǊƪ ǿŀǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άǇƻƭƭǳǘŀƴǘ ǊŜƳƻǾŀƭ ŎǊŜŘƛǘƛƴƎ 

decision ŦǊŀƳŜǿƻǊƪΤέ ƘƻǿŜǾŜǊΣ ǘƘŜ tŀƴŜƭ ŘŜŎƛŘŜŘ ƛǘ ǿƻǳƭŘ ōŜ ōŜǘǘŜǊ ǘƻ ǊŜŦŜǊ ǘƻ ƛǘ ŀǎ ǘƘŜ άhȅǎǘŜǊ .at 

bǳǘǊƛŜƴǘ ŀƴŘ {ǳǎǇŜƴŘŜŘ {ŜŘƛƳŜƴǘ wŜŘǳŎǘƛƻƴ 9ŦŦŜŎǘƛǾŜƴŜǎǎ 5ŜǘŜǊƳƛƴŀǘƛƻƴ 5ŜŎƛǎƛƻƴ CǊŀƳŜǿƻǊƪΣέ 

(hereafter, άDecision Frameworkέ) in order to make it clear that the framework is for determining the 

nitrogen, phosphorus, and suspended sediment reduction effectiveness of oyster practices and not 

decisions concerning other pollutants or how to implement nutrient trading credits. 

 

¶ Initially, the Panel charge included in the timeline an incremental approval step for just the Oyster 

BMP Nutrient and Suspended Sediment Reduction Effectiveness Decision Framework.  Because the 

Panel found the need to modify the decision steps in the framework as they developed reduction 

effectiveness estimates, the Panel determined that approval of the Decision Framework with the 

tŀƴŜƭΩǎ мst set of recommended estimates would be more efficient than a stand-alone report on the 

Decision Framework.  Thus, reduction effectiveness estimates presented in this report can be viewed 

as a test case for the application of the proposed ŘŜŎƛǎƛƻƴ ŦǊŀƳŜǿƻǊƪΦ  ²ƘƛƭŜ ǘƘŜǊŜ ƛǎƴΩǘ ŀ ǎǘŀƴŘ-alone 

report on the Decision Framework, the Panel did provide two review/comment opportunities on 

Decision Framework drafts during ǘƘŜ tŀƴŜƭΩǎ updates to the Water Quality GIT (February and April 

2016; see Appendix A for more information).  The Panel felt it was important to have the Partnership 

and interested parties review and provide input on the Decision Framework early in the development 

process.  Comments that were received were reviewed by the Panel and they made changes 

accordingly resulting in the decision framework presented in Section 4.0.    

 

¶ Oyster practice titles and definitions have been refined from what was presented in the charge (see 

Table 1a in Section 1.0 and Table 5b in Section 5.0) 

                                                           
3 The Oyster BMP Expert Panel Charge can be found at 
http://www.chesapeakebay.net/channel_files/23104/oyster_bmp_expert_panel_charge_final_9-14-15.pdf 

http://www.chesapeakebay.net/channel_files/23104/oyster_bmp_expert_panel_charge_final_9-14-15.pdf
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4.0 Recommended Oyster BMP Nutrient and Suspended Sediment Reduction 

Effectiveness Determination Decision Framework  
 

¢Ƙƛǎ ǎŜŎǘƛƻƴ ŘŜǎŎǊƛōŜǎ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ŘŜŎƛǎƛƻƴ ŦǊŀƳŜǿƻǊƪ to determine the nitrogen, phosphorus, 

and suspended sediment reduction effectiveness of oyster practices as BMPs for application in the model 

framework used to inform the Chesapeake Bay TMDL.  The Panel felt it was important to develop and apply an 

agreed upon decision framework because there are no existing BMPs involving filter-feeders within the tidal 

waters of Chesapeake Bay.  Any policy questions that were raised by the Panel were shared with the CBP 

Partnership Management Board for resolution.  The Decision Framework the Panel is proposing is specific to 

determining the reduction effectiveness and the proper application of the estimates in the CBP Partnership 

model framework used to inform the TMDL.  Addressing policy issues (e.g. nutrient trading) is beyond the 

purview of the panel and not included in the Decision Framework.  The Decision Framework is specific for 

oyster practices, but the Panel acknowledges that a similar framework could be developed for other filter-

feeding organisms found in the Chesapeake Bay and its tributaries. 

 

There were two CBP Partnership and stakeholder ǊŜǾƛŜǿ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƻƴ ǘƘŜ tŀƴŜƭΩǎ 5ŜŎƛǎƛƻƴ CǊŀƳŜǿƻǊƪ 

during the February 8 and April 25, 2016 WQGIT meetings (see Appendix A for more details).  The Panel 

considered all the comments they received on the draft documents.  The recommended Decision Framework 

presented in this section captures these considerations.   

 

hǾŜǊŀƭƭΣ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ 5ŜŎƛǎƛƻƴ CǊŀƳŜǿƻǊƪ ŀƭƭƻǿǎ ŦƻǊ ǘƘŜ ƛƴŎǊŜƳŜƴǘŀƭ ŘŜǘŜǊƳƛƴŀǘƛƻƴΣ ŀǇǇǊƻǾŀƭΣ 

and implementation of nitrogen, phosphorus, and suspended sediment effectiveness estimates based on 

available science for various oyster practices.  The Panel agreed that the Decision Framework should consist of 

individual reduction effectiveness crediting protocols based on oyster-associated nitrogen, phosphorus, and 

suspended sediment reduction processes so that these protocols could be incrementally determined and 

applied for oyster practices where there is sufficient science to do so.  The panel also built into the Decision 

Framework opportunities to identify knowledge gaps and/or additional data needed to determine reduction 

effectiveness, including a decision pathway where unknown estimates could be revisited when new science 

ōŜŎƻƳŜǎ ŀǾŀƛƭŀōƭŜΦ  ¢ƘŜ tŀƴŜƭΩǎ Ǌecommended Decision Framework is further described below.      

 

4.1 Main Steps of the Decision Framework  
 

The Panel identified four main steps for the Oyster BMP Nutrient and Suspended Sediment Reduction 

Effectiveness Determination Decision Framework (see Figure 4a).  These steps are further described in their 

corresponding sections.    
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Figure 4a.  Main steps for the Oyster BMP Nutrient and Suspended Sediment Reduction Effectiveness 

Determination Decision Framework.   

 

 
 

The tŀƴŜƭΩǎ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ƪŜȅ criteria used in the Decision Framework are described below: 

 

1. Suitable for Reduction Effectiveness Consideration: In the Panel's best professional judgment, the 

reduction process could occur in association with a particular oyster practice category and involves an 

enhancement activity that could result in the production of new oysters (i.e., the reduction 

effectiveness can be attributed to the practice). 

  

2. Sufficient Science: In the Panel's best professional judgment, data of sufficient quality and scope exist 

and can be used to generate a reasonably constrained estimate of the reduction associated with a 

particular oyster practice category.    

  

3. Verifiable: In the Panel's best professional judgment, a practical method exists, or could be created, to 

track reduction effectiveness if the BMP is implemented. 

 

4. Unintended Consequence: Potential unexpected negative or positive effects on the environment 

resulting from the practice.  tƻǎƛǘƛǾŜ ǳƴƛƴǘŜƴŘŜŘ ŎƻƴǎŜǉǳŜƴŎŜǎ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀƴŎƛƭƭŀǊȅ ōŜƴŜŦƛǘǎέ 

in this report to match the terminology found in the BMP Review Protocol (CBP 2015). 
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4.2 Step 1 Decision Points 
 

¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ {ǘŜǇ м ŘŜŎƛǎƛƻƴ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ 5ŜŎƛǎƛƻƴ CǊŀƳŜǿƻǊƪ ŀǊŜ ŘŜǎŎǊƛōŜŘ in Figure 4b.  

During Panel discussions, it became clear that a wide variety of oyster-related practices are implemented in 

Chesapeake Bay and certain practices would likely require different reduction effectiveness considerations 

than others.  The Panel agreed that grouping oyster practices, including cultivation (i.e., private oyster 

aquaculture practices and public fishery practices) and restoration (i.e., oyster reef restoration practices), into 

broad categories with similar reduction effectiveness considerations would be more efficient than assessing 

practices individually.  Essentially, categorization of practices would allow a more focused evaluation of the 

data to determine the reduction effectiveness estimates and also simplify the establishment of reduction 

effectiveness crediting and verification guidelines because the practices in each category would involve similar 

decisions.  This decision point is incorporated in Step 1 (see Figure 4b, box 1.a.i).  The Panel proposes that 

endorsed practice-protocol combinations for BMP consideration be thought of as separate BMPs so 

established estimates for one combination can move forward through the BMP approval process independent 

from the other combinations.      

 

Figure 4b.  ¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ {ǘŜǇ м ŘŜŎƛǎƛƻƴ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ hȅǎǘŜǊ .at bǳǘǊƛŜƴǘ ŀƴŘ {ǳǎǇŜƴŘŜŘ 

Sediment Reduction Effectiveness Determination Decision Framework.  The goal of this step is to determine 

the oyster practice categories and individual oyster-associated nutrient and suspended sediment reduction 

effectiveness crediting protocols for evaluation. 
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The Panel agreed that oysters can improve water quality because of their filter-feeding capabilities (described 

further in Section 6.0).  The Panel decided that each oyster-associated process that reduces nitrogen, 

phosphorus, and suspended sediment should be developed as a separate reduction effectiveness crediting 

protocol (Figure 4b, 1.a.ii) that could be evaluated and applied individually.  The Panel also agreed that the 

reduction effectiveness of protocols involving the same pollutant (e.g., nitrogen assimilation in oyster tissue, 

enhanced denitrification associated with oysters, and enhanced nitrogen burial associated with oysters) could 

be added together to determine the total reduction effectiveness of the practice in a manner similar to the 

approved approach used by the Urban Stream Restoration BMP Expert Panel (Schuler and Stack 2014).  Step 2 

of the Decision Framework describes the decision points concerning the determination of the reduction 

effectiveness estimates of the practice-protocol combinations (see Section 4.3).  

 

During discussions, the Panel agreed that there may be instances where a reduction effectiveness protocol 

ǿƻǳƭŘƴΩǘ ōŜ ǎǳƛǘŀōƭŜ ǘƻ ŎƻƴǎƛŘŜǊ ǿƛǘƘ ŀ ǇŀǊǘƛŎǳƭŀǊ ƻȅǎǘŜǊ ǇǊŀŎǘƛŎŜ ŎŀǘŜƎƻǊȅ ōŜŎŀǳǎŜ ǘƘŜ ƻȅǎǘŜǊ-associated 

process would not occur.  For instance, protocols associated with enhanced burial of nitrogen and phosphorus 

may not be suitable to group with harvest-related oyster practice categories because disturbance from 

harvesting may prevent burial processes from happening (i.e., the conditions would never be suitable to 

support enhanced burial).  Also, the Panel agreed that not all practice-protocol combinations would result in a 

reduction of the pollutant.  The Panel decided that the practice-protocol combination needs to include an 

enhancement activity that could result in the overall production of new oysters (i.e., the reduction 

effectiveness can be attributed to the practice) to be suitable for consideration.  As a result, the Panel 

incorporated this decision point into Step 1 of the Decision Framework (see Figure 4b, Box 1.b).  The Panel 

ŘŜŦƛƴŜŘ άǎǳƛǘŀōƭŜ ŦƻǊ ǊŜŘǳŎǘƛƻƴ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ŎƻƴǎƛŘŜǊŀǘƛƻƴέ ŀǎΣ άLƴ ǘƘŜ tŀƴŜƭϥǎ ōŜǎǘ ǇǊƻŦŜǎǎƛƻƴŀƭ ƧǳŘƎƳŜƴǘΣ ǘƘŜ 

reduction process could occur in association with a particular oyster practice category and involves an 

enhancement activity that could result in the production of new oysters (i.e., the reduction effectiveness can 

be attributed to the practice).έ  ¢ƘŜ tŀƴŜƭ ŦŜƭǘ ǘƘƛǎ ŘŜŎƛǎƛƻƴ Ǉƻƛƴǘ ǿŀǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŜǾŀƭǳŀǘŜ ŜŀǊƭȅ ƻƴ ƛƴ ǘƘŜ 

Decision Framework to avoid spending time evaluating combinations where the reduction would not occur or 

is not attributed to the practice.  It is important to note that this step aims to identify which potential crediting 

protocols should be evaluated for a particular oyster practice category and does not involve the decision 

whether there is sufficient science to determine the reduction effectiveness, which is built into Step 2 of the 

Decision Framework (see Section 4.3).  Suitable combinations would move forward to Step 2 of the Decision 

Framework to determine the reduction effectiveness estimate (Figure 4b, Box 1.c).  The Panel decided that 

they would not evaluate any combinations that are determined to not be suitable for reduction effectiveness 

consideration (Figure 4b, Box 1.d).   

 

4.3 Step 2 Decision Points  
 

¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ {ǘŜǇ н ŘŜŎƛǎƛƻƴ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ 5ŜŎƛǎƛƻƴ CǊŀƳŜǿƻǊƪ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ CƛƎǳǊŜ пΦоΦ  

These decision points focus on determining the reduction effectiveness estimate for each suitable oyster 

practice category and reduction effectiveness crediting protocol combination that was identified in Step 1 (see 

Section 4.2).   
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The Panel decided that it would be important to begin with a decision point that asks whether there is 

sufficient scientific data to determine the reduction effectiveness estimate (Figure 4c, Box 2.a).  The Panel used 

their best professional judgment to answer this question.  Specifically, they evaluated whether data of 

sufficient quality and scope existed to generate a reasonably constrained estimate of the reduction associated 

with a particular oyster practice category.  If such data existed, then the Panel used it to determine the 

reduction effectiveness estimate (Figure 4c, Box 2.b).  The Panel also built into this decision the identification 

and consideration of any applicable factors that could influence the estimate, particularly environmental and 

implementation-related factors (e.g., genetic ploidy, seasonal effects, culture method/type, type of gear used).  

These considerations may result in multiple estimates within a protocol to account for these influencing 

factors.   

 

¢ƘŜ tŀƴŜƭ ƛƴŎƭǳŘŜŘ ōƻǘƘ άƴǳƳōŜǊκǊŀǘŜέ ŀƴŘ άŜǉǳŀǘƛƻƴκƳŜǘƘƻŘέ ŀǎ ŜȄŀƳǇƭŜǎ ƻŦ Ƙƻǿ ǘƘŜ ŜǎǘƛƳŀǘŜ Ƴŀȅ ŀǇǇŜŀǊ 

because the Panel recognized that for some of the reduction effectiveness protocols it would be feasible to 

recommend an exact number or rate that could be applied regardless of location (i.e., low variability in the 

data), while other protocols would be more influenced by site-specific conditions requiring a method for 

jurisdictions to use to calculate the estimate (i.e., high variability in the data; Figure 4c, Box 2.b).  In cases 

where the reduction effectiveness estimate for a protocol can be applied across multiple practice categories, 

the Panel recommends evaluating the crediting guidelines (Figure 4c, Box 2.c) separately for the different 

practice categories because they may not be the same depending on how the practices are implemented.   The 

tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ŎǊŜŘƛǘƛƴƎ ƎǳƛŘŜƭƛƴŜǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ƪŜȅ ŜƭŜƳŜƴǘǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ /.t tŀǊǘƴŜǊǎƘƛǇΩǎ 

Expert BMP Panel Review Protocol (CBP 2015) and includes the following: 

 

¶ Guidelines on the environmental conditions (e.g., water chemistry, bottom substrate) needed for the 

estimate to be valid. 

¶ Guidelines on crediting timeframe; cumulative or annual, temporal performance (i.e., lag time 

between establishment and full functioning, effectiveness of the practice over time), when the 

estimate should be re-evaluated. 

¶ Guidelines on determining baseline conditions. 

¶ Guidelines on where and how estimates can be incorporated into the Chesapeake Bay Modeling 

Framework, including credit duration for applicable crediting protocols for a given oyster practice 

category.  

 

The Panel agreed that crediting guidelines developed by the Panel should focus on ensuring that the 

recommended reduction effectiveness is correctly applied and helping the CBP Partnership and jurisdictions 

make an informed decision.  The Panel acknowledges that the final decisions concerning which reduction 

effectiveness estimates to pursue and how they will be implemented and verified is the responsibility of the 

CBP Partnership and jurisdictions.   
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Figure 4c.  ¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ {ǘŜǇ н ŘŜŎƛǎƛƻƴ Ǉƻƛƴǘǎ ŦƻǊ ǘƘŜ hȅǎǘŜǊ .at bǳǘǊƛŜƴǘ ŀƴŘ {ǳǎǇended Sediment Reduction Effectiveness Determination 

Decision Framework.  The goal of this step is to determine the reduction effectiveness estimate for suitable oyster practice category-reduction effectiveness 

crediting protocol combinations identified in Step 1 (see Figure 4b).  

 

 

 

* If the recommended method is used to determine what the estimate would be within the 5 year timeframe, then the Panel recommends that the estimate is 

reviewed and approved using a similar approach as the re-evaluation procedures for existing estimates described in the CBP Partnership Expert Review Protocol 

(CBP 2015).  The Panel encourages the CBP Partnership to incorporate opportunities for stakeholder involvement and input concerning these reduction 

effectiveness estimate determinations.   
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The Panel agreed that there should be a decision pathway for instances where sufficient data are not available 

to determine the reduction effectiveness for a practice-protocol combination.  In such instances, the Panel 

recommends identifying knowledge gaps and including recommendations on how to address them, if known 

(Figure 4c, Box 2.e).  From this knowledge gap evaluation, if the Panel identifies a method that could be used 

to establish the reduction effectiveness estimates in the near future (within 5 years) and sufficient data 

becomes available, then the Panel recommends that the recommended method be used to determine the 

estimates and that the review and approval of the estimates follows a similar approach as the re-evaluation 

procedures for existing estimates described in the CBP Partnership Expert Review Protocol (CBP 2015) (Figure 

4c, Boxes 2.f and 2.g).  For practice-protocol combinations ǿƘŜǊŜ ǘƘŜǊŜ ƛǎƴΩǘ ŀ ŎƭŜŀǊ ƳŜǘƘƻŘΣ ǘƘŜ tŀƴŜƭ 

recommends that the practice-protocol combination(s) be evaluated again by a newly convened Expert Panel 

following the CBP Partnership Expert Review Protocol (CBP 2015).  The Panel felt this distinction was important 

to make because there are cases where methods exist, but sufficient data have not yet been collected but 

could with relative ease.  The Panel felt it would not be necessary to convene a new Expert Panel to evaluate 

this information if an approved recommended methodology is in place.       

 

4.4 Step 3 Decision Point  
 

¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ Step 3 decision point for the Decision Framework is described in Figure 4d.  This 

decision point focuses on evaluating whether the reduction effectiveness estimate determined in Step 2 is 

verifiable (Figure 4d, Box 3.a).  The Panel added this decision point based on CBP Partnership and stakeholder 

ŎƻƳƳŜƴǘǎ ǘƘŀǘ ǿŜǊŜ ǊŜŎŜƛǾŜŘ ƻƴ ŀ ǇǊŜǾƛƻǳǎ ŘǊŀŦǘΦ  ±ŜǊƛŦƛŀōƭŜ ƛǎ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ tŀƴŜƭ ŀǎΣ άLƴ ǘƘŜ tŀƴŜƭΩǎ ōŜǎǘ 

professional judgment, a practical method exists, or could be created, to track reduction effectiveness if the 

.at ƛǎ ƛƳǇƭŜƳŜƴǘŜŘΦέ   
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Figure 4d.  ¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ {ǘŜǇ о ŘŜŎƛǎƛƻƴ Ǉƻƛƴǘ ŦƻǊ ǘƘŜ hȅǎǘŜǊ .at bǳǘǊƛŜƴǘ ŀƴŘ {ǳǎǇŜƴŘŜŘ 

Sediment Reduction Effectiveness Determination Decision Framework.  The goal of this step is to evaluate 

whether the estimate would be verifiable (i.e., a practical method and the information needed to apply the 

method exists). 

 
 

 

Per the CBP Partnership BMP Review Protocol (CBP 2015), the Panel also built into this step to provide general 

guidelines on methods that could be used to track, report, and verify the estimate (Figure 4d, 3.b).  The Panel 

agreed that these guidelines should focus on key variables that need to be measured and reported to ensure 

that the recommended estimate is being used correctly.  If the Panel decides that the estimate is not 

verifiable, then they will recommend that the protocol not be applied for that particular category at this time 

(Figure 4d, 3.d).         

 

4.5 Step 4 Decision Point  
 

¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ {ǘŜǇ п ŘŜŎƛǎƛƻƴ Ǉƻƛƴǘ ŦƻǊ ǘƘŜ 5ŜŎƛǎion Framework is described in Figure 4e.  This 

decision point focuses on identifying any unintended consequences associated with the practice-protocol 

combination (Figure 4e, Boxes 4.a-4.d) that the Panel encounters during their data review.  The Panel defines 

ǳƴƛƴǘŜƴŘŜŘ ŎƻƴǎŜǉǳŜƴŎŜǎ ŀǎΣ άǇƻǘŜƴǘƛŀƭ ǳƴŜȄǇŜŎǘŜŘ ƴŜƎŀǘƛǾŜ ƻǊ ǇƻǎƛǘƛǾŜ ŜŦŦŜŎǘǎ ƻƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ǊŜǎǳƭǘƛƴƎ 

ŦǊƻƳ ǘƘŜ ǇǊŀŎǘƛŎŜΦέ  For identified unintended consequences that are negative, the Panel will decide whether 

they can be controlled so they do not outweigh environmental benefits (Figure 4e, Box 4.b).  If the Panel is in 

the opinion that they can be controlled, then they will also identify options they are aware of that could be 

evaluated by the CBP Partnership to assist in preventing or reducing the negative effect (Figure 4e, Box 4.c).  

Negative unintended consequences are discussed in Section 10.0.  Positive unintended consequences are 

referred ǘƻ ŀǎ άŀƴŎƛƭƭŀǊȅ ōŜƴŜŦƛǘǎέ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ǘƻ ƳŀǘŎƘ ǘƘŜ ǘŜǊƳƛƴƻƭƻƎȅ ŦƻǳƴŘ ƛƴ ǘƘŜ .at wŜǾƛŜǿ tǊƻǘƻŎƻƭ 

(CBP 2015) and are discussed in Section 11.0. 
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Figure 4e.  ¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜnded Step 4 decision point for the Oyster BMP Nutrient and Suspended 

Sediment Reduction Effectiveness Determination Decision Framework.  The goal of this step is to identify 

unintended consequences from the data review and decide if any negative effects can be controlled so that 

they do not outweigh environmental benefits. 

 

 
 

 

5.0 Private Oyster Aquaculture Practices Defined  
 

5.1 Private Oyster Aquaculture Practice Categories  
 

This section defines the private oyster aquaculture practice categories that the Panel recommends for BMP 

reduction effectiveness consideration.  The Panel first categorized all oyster practices that occur in the 

Chesapeake Bay by oyster fate (i.e., removed or remains in the waterbody), fishery management approach 

(i.e., private oyster aquaculture, public fishery, oyster reef restoration), oyster culture type/ploidy (i.e., diploid 

or triploid, hatchery-produced or wild) and activity/culture method (i.e., off-bottom, on-bottom, transplanted, 

no activity) (Table 1a).  The goal of the categories were to group individual practices that would have similar 

considerations concerning the determination of the reduction effectiveness.  From there, the Panel 

determined which categories they would recommend for BMP consideration.  Out of the five private oyster 

aquaculture practice categories that the Panel identified (Table 5a), they decided to recommend three of the 

categories for BMP consideration (Table 5b).  The PanŜƭΩǎ ŘŜŎƛǎƛƻƴ ŎƻƴŎŜǊƴƛƴƎ ǿƘƛŎƘ ƻȅǎǘŜǊ ǇǊŀŎǘƛŎŜ ŎŀǘŜƎƻǊƛŜǎ 

they would recommend for BMP consideration was based on whether the practices include an enhancement 

activity that could result in the overall production of new oysters (i.e., the reduction effectiveness can be 

attributed to the practice).  Definitions of the recommended oyster practice categories for BMP consideration 

can be found in Table 5b.  
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Table 5a.  Identification and grouping structure of identified private oyster aquaculture practices in 

Chesapeake Bay.  Definitions of categories recommended for BMP consideration are found in Table 5b. 

 

Chesapeake Bay Oyster Practices 

Oyster Fate Oysters removed (harvested) from waterbody 

Fisheries 
Management 
Approach 

Private oyster aquaculture (water column and bottom leases) 

Oyster Culture 
Type/Ploidy 

Hatchery-produced diploid or triploid 
oysters 

Wild oysters (diploid) 

Activity/Culture 
Method 

Hatchery-
produced oysters 

grown off the 
bottom using 

some sort of gear 
(e.g., floating 
rafts near the 

surface or cages 
near the bottom) 

Hatchery-
produced oysters 

grown on the 
bottom using no 

gear 

Moving wild 
oysters from 

one location to 
another 

Addition of 
substrate to the 

bottom to 
enhance 

recruitment of 
wild oyster 

larvae 

None 

Oyster Practice 
Title 

Off-bottom 
private oyster 
aquaculture 

using hatchery-
produced oysters 

On-bottom 
private oyster 
aquaculture 

using hatchery-
produced oysters 

On-bottom 
private oyster 
aquaculture 

using 
transplanted 
wild oysters 

On-bottom 
private oyster 
aquaculture 

using substrate 
addition 

Private 
oyster 

aquaculture 
with no 
activity 

*Panel 
Recommends for 
BMP 
Consideration 

Yes Yes No Yes No 

Oyster Practice 
Category 

A B C D E 

  
ϝ¢ƘŜ tŀƴŜƭΩǎ ŘŜŎƛǎƛƻƴ ŎƻƴŎŜǊƴƛƴƎ ǿƘƛŎƘ ƻȅǎǘŜǊ ǇǊŀŎǘƛŎŜ ŎŀǘŜƎƻǊƛŜǎ ǘƘŜȅ ǿƻǳƭŘ ǊŜŎƻƳƳŜƴŘ ŦƻǊ .at ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǿŀǎ 

based on whether the practices include an enhancement activity that could result in the overall production of new oysters 

όƛΦŜΦΣ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ŜŦŦŜŎǘƛǾŜƴŜǎǎ Ŏŀƴ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǇǊŀŎǘƛŎŜύΦ  ά¸Ŝǎέ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ tŀƴŜƭ ǎǳǇǇƻǊǘǎ ǘƘŜ ǳǎŜ ƻŦ ǘƘe 

recommended reduction effectiveness estimates for those practices because they could result in a reduction of the 

pollutants, while "No" indicates non-endorsement because there would be no reduction as a result of the practice.   
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Table 5b.  Private oyster aquaculture practice categories recommended for BMP consideration and their 
definitions. 
 

 

 

5.2 Representative Oyster Practices for the Endorsed Private Oyster Aquaculture Categories  

 

The representative oyster practices that occur in Chesapeake Bay that fall under each of the endorsed private 

oyster aquaculture practice categories defined in Table 5b are described below.  

 

5.2.1 Category A: Off-Bottom Private Oyster Aquaculture Using Hatchery-Produced Oysters 
 

Representative off-bottom private oyster aquaculture methods using hatchery-produced diploid or triploid 

oysters involve rearing hatchery-produced cultchless oysters or spat-on-shell oysters in rafts, cages, bags, 

trays, nets or suspended on lines above the sediment surface.  Oysters are typically reared in the gear for over 

a year until they reach market size (76 mm) and then harvested for consumption.  Examples include: 

 

¶ Raft cultureτRafts use floatation devices (e.g., buoys, PVC, foam) to suspend plastic mesh bags on the 

water surface or cages just below the surface of the water.  Oysters are typically submerged at the 

surface using rafts.  Rafts are frequently monitored and cleaned, and the oysters are sorted for size 

and transferred between containers as they get larger.  Oysters are typically removed from the 

containers once they reach market size.    

 

¶ Cage cultureτOyster cages are constructed with metal or plastic mesh surrounding a rigid metal 

frame that sits on the seafloor.  Oysters remain suspended off the bottom because the frame of the 

cages are designed to touch the bottom and keep oysters several inches above the sediment surface.  

Like rafts, cages are frequently monitored and cleaned, and the oysters are sorted for size and 

Category Oyster Practice Title Definition 

A 

Off-bottom private 
oyster aquaculture 
using hatchery-
produced oysters 

Hatchery-produced diploid or triploid oysters grown off the bottom in the 
water column using some sort of gear (e.g., floating rafts near the surface 
or cages near the bottom) in an area designated for oyster aquaculture 
where public fishing is not allowed (e.g., State-permitted oyster 
aquaculture leases to oyster aquaculturists) for eventual removal from 
the water.  

B 

On-bottom private 
oyster aquaculture 
using hatchery-
produced oysters 

Hatchery-produced diploid or triploid oysters (e.g., spat-on-shell) grown 
directly on bottom using no gear in an area designated for oyster 
aquaculture where public fishing is not allowed (e.g., State-permitted 
oyster aquaculture leases to oyster aquaculturists) for eventual removal 
from the water. 

D 

On-bottom private 
oyster aquaculture 
using substrate 
addition 

Placing oyster shell or alternative hard substrate, such as granite, to the 
bottom sediment surface to attract recruitment of wild (diploid) oysters 
in an area designated for oyster aquaculture where public fishing is not 
allowed (e.g., State-permitted oyster aquaculture leases to private oyster 
aquaculturists) for eventual removal from the water.   
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transferred between cages as they grow.  The oysters typically remain in the cages until they reach 

market size. 

 

In some cases, oysters are moved from one water column lease to another.  Reasons for moving oysters 

include poor water quality (e.g., moving oysters from polluted waters to approved waters for harvesting) or to 

change the taste profile (e.g., moving oysters to a more salty location). 

 

5.2.2 Category B: On-Bottom Private Oyster Aquaculture Using Hatchery-Produced Oysters 
 

Representative on-bottom private oyster aquaculture methods include planting hatchery-produced diploid or 

triploid oysters as spat-on-shell directly on the bottom (no gear) for eventual removal from the water when 

oysters reach market size and can be harvested for consumption.  Oysters typically require over two years to 

reach minimum market size, but oysters may be left in the water beyond this size.  This practice may also 

involve moving the oysters from one bottom lease to another for eventual removal from the water.  Reasons 

for moving oysters include poor water quality (e.g., moving oysters from polluted waters to approved waters 

for harvesting) or to change the taste profile (e.g., moving oysters to a more salty location). 

 

5.2.3 Category D: On-Bottom Private Oyster Aquaculture Using Substrate Addition 
 

Representative on-bottom private oyster aquaculture using substrate addition methods involve adding oyster 

shell or an alternative substrate, such as granite, directly on the bottom (no gear) to attract recruitment of 

natural (wild) oysters (assumed to be diploids) for eventual removal from the water.  Oysters produced using 

this practice are treated and harvested similarly to on-bottom, hatchery-produced cultured oysters.   
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6.0 Oyster-Associated Processes for Reduction Effectiveness Crediting 

Protocols   
 

The Panel discussed the various oyster-associated nitrogen, phosphorus and suspended sediment reduction 

processes and currently identified the following eight individual reduction effectiveness crediting protocols: 

 

1. Nitrogen Assimilation in Oyster Tissue 

2. Nitrogen Assimilation in Oyster Shell 

3. Enhanced Denitrification Associated with Oysters 

4. Phosphorus Assimilation in Oyster Tissue 

5. Phosphorus Assimilation in Oyster Shell 

6. Suspended Sediment Reduction Associated with Oysters 

7. Enhanced Nitrogen Burial Associated with Oysters 

8. Enhanced Phosphorus Burial Associated with Oysters 

 

When algae or other organic matter are consumed by oysters through filter-feeding, the nitrogen and 

phosphorus within are assimilated in the oysterΩǎ tissue and shell.  These nutrients are therefore unavailable to 

water column processes for a range of timescales dependent on whether oyster tissue or shell is considered 

(Kellogg et al. 2013).  Oyster shells, whether buried in the bottom sediment or dissolved back into the water 

column, represent sequestration of nitrogen and phosphorus over long periods of time; while nutrients 

sequestered in tissue may be cycled back into the environment on a shorter timescale (Kellogg et al. 2013, 

Newell 2004 and sources therein).  Oysters removed from the water for consumption or other purposes also 

remove the nutrients sequestered within the oyster.     

 

Denitrification, which involves microbial transformation of biologically available nitrogen to N2 gas, is an 

additional means by which nitrogen is removed from the system, and it is enhanced by the presence of 

oysters.  Oysters enhance the formation of a heterogeneous sediment surface with oxic and anoxic sediments 

in close proximity and supply carbon in the form of biodeposits to the sediment surface, two characteristics 

that are necessary for denitrification to occur (Smyth et al. 2015 and sources therein, Gutierrez and Jones 

2006, Kellogg et al. 2013).  Once nitrogen is transformed to N2 gas, it travels through the water column and 

escapes into the atmosphere.  

 

The oyster filter feeding process removes inorganic particles, such as suspended sediments, and organic 

particles, such as algae containing nitrogen and phosphorus, from the water column, increasing water clarity 

(Grizzle et al. 2008).  Like oyster shells, biodeposits may become buried (Newell 2004), which serves to remove 

nutrients from the water column for long time scales.  Figure 6a depicts these N, P, and suspended reduction 

processes associated with oysters. 
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Figure 6a. Oyster-associated processes that reduce nitrogen (N), phosphorus (P), and suspended sediment.  

The numbers in circles correspond with the reduction effectiveness crediting protocols. 

 

 

 

The Panel concurred that Protocols 1 and 4, involving nitrogen and phosphorus assimilation in oyster tissue, 

have sufficient data to recommend reduction effectiveness estimates for oyster aquaculture practices (see 

Section 7.0).  The Panel also believes that there may be sufficient data to recommend estimates for nitrogen 

and phosphorus assimilation in shell (Protocols 2 and 5), but have decided to include these recommendations 

in the second incremental report because it is unclear at present how to address the issue of shells from 

harvested oysters being eventually returned to the Chesapeake Bay.  Because oyster aquaculture and reef 

restoration practices rely heavily on oyster shell and with oyster shell being a limited resource, any decrease of 

shell being returned to the Chesapeake Bay could have unintended negative impacts on these practices.         

 

The Panel agreed that Protocols 3, 7, and 8 would require more in depth discussion given the variability in 

denitrification data and the complexity of quantifying the enhanced burial of nutrients associated with an 

ƛƴŎǊŜŀǎŜ ƛƴ ƻȅǎǘŜǊǎΦ  ¢ƘŜ ǘŜǊƳ άŜƴƘŀƴŎŜŘέ ŀƴŘ άŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƻȅǎǘŜǊǎέ ǿŜǊŜ ŀŘŘŜŘ ǘƻ tǊƻǘƻŎƻƭǎ оΣ тΣ ŀƴŘ у 

because the Panel wanted to be clear that the oysters are not directly carrying out denitrification or burial, but 

instead enhance these processes by increasing the movement of organic particulate matter from the water 

column to the bottom through filtering and increasing the habitat area (via reef structures) for other 

contributing organisms to populate.  The Panel is mindful that denitrification-related reduction effectiveness 

recommendations will have to adequately address variability.  The Panel also recognizes that burial rates of 

nitrogen and phosphorus will depend on sedimentological and physical characteristics of sites and requires 



FINALτOyster BMP Expert Panel First ReportτApproved on December 19, 2016 
 

39 
 

demonstrable long term sequestration for consideration of whether Protocols 7 and 8 should be applied to 

certain oyster practice categories.  The Panel plans to include recommendations on the reduction effectiveness 

from enhanced denitrification associated with oysters in the second incremental report.  Even though there is 

likely less information on enhanced burial of nutrients associated with oysters, the Panel still felt strongly that 

these protocols should be included because of their potential in reducing nutrients from the water column.  

However, the Panel agreed to put enhanced nitrogen and phosphorus burial protocols on hold until the CBP 

Management Board determines whether crediting burial from oyster practices would be legal since the 

pollutants are technically still in the Chesapeake Bay.   

    

The Panel had an in depth conversation concerning how suspended sediment could be incorporated into a 

crediting protocol (protocol 6) since suspended sediment would only be removed from the water column and 

deposited on the bottom by the oysters and not removed from the Chesapeake Bay.  The Panel decided that it 

would be important for the CBP Partnership Management Board to first evaluate the policy/legal issue of this 

(i.e., can removal from the water column followed by deposition on the bottom be incorporated in the 

reduction effectiveness credit).  The Panel is putting the evaluation of this protocol on hold until the 

Management Board reviews pertinent policy issues.   
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7.0 Reduction Effectiveness Estimates for Nitrogen and Phosphorus 

Assimilated in Oyster Tissue 
 

¢Ƙƛǎ ǎŜŎǘƛƻƴ ŘŜǎŎǊƛōŜǎ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ǘƘŜ 

άbƛǘǊƻƎŜƴ !ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ hȅǎǘŜǊ ¢ƛǎǎǳŜέ ŀƴŘ ǘƘŜ άtƘƻǎǇƘƻǊǳǎ !ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ hȅǎǘŜǊ ¢ƛǎǎǳŜέ ǊŜŘǳŎǘƛƻƴ 

effectiveness crediting protocols specific to C. virginica oysters when they are removed (harvested) from the 

water via private oyster aquaculture practices.  The Panel is endorsing these recommendations only for 

practices in the following oyster practice categories (see description of practices in Section 5.0):  

 

¶ Off-bottom private oyster aquaculture using hatchery-produced oysters 

¶ On-bottom private oyster aquaculture using hatchery-produced oysters 

¶ On-bottom private oyster aquaculture using substrate addition 

  

The Panel is still discussing these protocols for the oyster practice categories involving the public fishery and 

oyster reef restoration (Table 1a) and will present their recommendations in a future report.  

   

¢ƘŜ tŀƴŜƭ ƛǎ ǊŜŎƻƳƳŜƴŘƛƴƎ ǘǿƻ ƻǇǘƛƻƴǎ ŦƻǊ ǘƘŜ άbƛǘǊƻƎŜƴ !ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ hȅǎǘŜǊ ¢ƛǎǎǳŜέ ŀƴŘ άtƘƻǎǇƘƻǊǳǎ 

!ǎǎƛƳƛƭŀǘƛƻƴ ƛƴ hȅǎǘŜǊ ¢ƛǎǎǳŜέ ǇǊƻǘƻŎƻƭǎΩ ǊŜŘǳŎǘƛƻƴ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ŜǎǘƛƳŀǘŜǎΥ 

 

1. Default estimates for recommended practices regardless of location (Section 7.1). 

 

2. Site-specific estimates developed by the BMP implementer, in coordination with the CBP Partnership 

and reporting jurisdictions (i.e., State agencies), ǳǎƛƴƎ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ƳŜthodology (Section 

7.2). 
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The Panel reasoned that option 1 could be applied as long as the BMP implementer meets the qualifying 

conditions described in Section 8.0.  Option 2 can be pursued if the BMP implementer decides they want to 

develop a site-speciŦƛŎ ŜǎǘƛƳŀǘŜ όǎŜŜ {ŜŎǘƛƻƴ тΦнύ ŦƻǊ ǘƘŜƛǊ ǇǊŀŎǘƛŎŜΦ  .ŜŎŀǳǎŜ ǘƘŜ tŀƴŜƭΩǎ ŘŜŦŀǳƭǘ ŜǎǘƛƳŀǘŜǎ ŀǊŜ 

intentionally conservative (see Section 7.1), the Panel felt it was important to give BMP implementers the 

option to develop site-specific estimates that might have higher values than default estimates.  The same 

qualifying conditions apply to all estimates.   

 

The default reduction effectiveness estimates for assimilated nitrogen and phosphorus are described in detail 

in Section 7.1.  While models exist that can be used to estimate growth and assimilation (e.g. FARM model, 

Appendix C), the Panel agreed that the reduction effectiveness estimates should be developed using an 

empirical approach.  The default estimates are calculated using regressions based on existing data to convert 

oyster shell height to oyster biomass in terms of soft tissue dry weight of shell height midpoints and 

multiplying by the percent nitrogen and phosphorus content in dry tissue.  Separate regressions were 

developed for diploid and triploid oysters due to clear differences in the shell height to tissue dry weight 

regression curves for these two types of oysters.  The shell height midpoints are based on oyster size class 

ranges recommended by the Panel. The percent nitrogen and phosphorus content in oyster tissue were 

derived using averages from existing data from the Atlantic Coast of the U.S.   

 

7.1 Option 1: Default Reduction Effectiveness Estimates for Nitrogen and Phosphorus 

Assimilated in Oyster Tissue 

 

The Panel decided that there was sufficient empirical data to establish conservative default reduction 

effectiveness estimates for nitrogen and phosphorus assimilated in the soft tissue of diploid and triploid 

oysters using the following three-step process: 

 

Step 1: Determine the oyster shell height to tissue dry weight regression equations for diploid and 

triploid oysters  

 

This step involves the analysis of empirical data to establish regression equations to convert shell 

height to soft tissue dry weight (further described in Section 7.1.1).  Refer to Figure 7.1 for the shell 

height measurement location on an oyster shell.   

 

Step 2: Establish oyster size class ranges for the shell height midpoints that will be used to calculate 

the oyster soft tissue dry weight  

 

This step involves establishing oyster size class ranges and using the midpoint of those ranges in the 

regression equations from Step 1 to calculate the soft tissue dry weight needed for Step 3 (further 

described in Section 7.1.2).   
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Step 3: Establish and apply the percent nitrogen and phosphorus content in oyster tissue to 

determine the reduction effectiveness estimates 

 

This step involves multiplying the oyster soft tissue dry weights from Step 2 by the established percent 

nitrogen and phosphorus content in the oyster tissue (further described in Sections 7.1.3) to 

determine the reduction effectiveness estimates for the different oyster size class ranges (see Section 

7.1.4).    

 

!ƭǘƘƻǳƎƘ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ŀǇǇǊƻŀŎƘ ǊŜŎƻƳƳŜƴŘŜŘ ōȅ {¢!/ ό{¢!/ нлмо ŀƴŘ нлмпύΣ ǘƘŜ tŀƴŜƭΩǎ ŜǎǘƛƳŀǘŜǎ ŜȄǇƭƛŎitly 

consider variability resulting from ploidy (i.e., diploid and triploid), culture location (i.e., off-bottom in water 

column and on-bottom), season of harvest, and locations with different environmental conditions (e.g. 

salinity).  In addition, the Panel also established estimates for different oyster shell height size class categories 

instead of one default estimate based on a 76 mm (3 inch) oyster.     

 

7.1.1 Step 1: Oyster Shell Height to Tissue Dry Weight Regression Equations 

 

The first step of the default nitrogen and phosphorus assimilated in oyster tissue reduction effectiveness 

estimates was to identify appropriate regression curves for the relationship between oyster shell height (Fig. 

7a) and soft tissue biomass in terms of dry weight based upon actual shell height and tissue dry weight 

measurements from individual oysters.   

 

Figure 7a.  The measurement location for shell height.  Shell height is the longest distance (parallel to the long 

axis) between the hinge and lip of the oyster. Note that shell height is also referred to as oyster shell length in 

some studies. 
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In reviewing the existing scientific literature from the Chesapeake Bay region, the Panel found shell height to 

biomass regressions highly variable (Table 7a), likely because the individual studies focused on different 

characteristics that could influence oyster growth (i.e., subtidal versus intertidal reefs, low versus high salinity 

environmental conditions) and/or used different biomass metrics (i.e., tissue dry weight versus tissue ash-free 

dry weight).  Because incineration of samples is a required step in determining the ash-free dry weight and 

nitrogen content cannot be derived from an incinerated sample, it is not feasible to determine both ash-free 

dry weight and nitrogen content for the same individual. Therefore, the Panel concluded that only datasets 

from within the Chesapeake Bay watershed that included individual oyster shell heights and corresponding 

biomass in terms of tissue dry weight were suitable for inclusion in the compiled dataset used to determine 

default estimates for nitrogen and phosphorus contained in oysters.    

 

Table 7a.  Summary of shell height to soft tissue dry weight biomass regression models for the Eastern Oyster 

grown in a variety of locations and conditions near or within the Chesapeake Bay.  DW=dry tissue weight (g), 

AFDW=ash-free dry tissue weight (g), WW=wet weight (g), and SH=shell height (mm). 

 

Ploidy Location 
Habitat/Culture 

Method 
Equation R2 Reference 

Diploid 

Great Wicomico, 
Rappahannock 
and Piankatank 
Rivers, VA 

Subtidal reefs - 
Spring 

AFDW=0.00004 ϊ SH2.4257 0.8 

Ross & Luckenbach 
unpubl. data 

Subtidal reefs - 
Summer 

AFDW=0.00007 ϊ SH2.1704 0.7 

Subtidal reefs - 
Fall 

AFDW=0.00001ϊ SH2.6497 0.9 

Subtidal reefs - 
All seasons 

AFDW=0.00002 ϊ SH2.5988 0.9 

James River, VA Subtidal reefs DW=0.000423 ϊ SH1.7475 - Mann & Evans 1998 

Lynnhaven Inlet, 
VA 

Intertidal Reefs AFDW=0.0003 ϊ SH1.9352 0.8 
Ross & Luckenbach 
unpubl. data 

Subtidal Reefs AFDW=0.00003 ϊ SH2.3465 0.7 

All Reefs AFDW=0.00006 ϊ SH2.2809 0.7 

{ǇŜƴŎŜǊΩǎ /ǊŜŜƪ,  
VA Floating Caged 

Aquaculture 
TL (mm) = -35.5408 + (0.955 * 
shell DW (g)) 

0.8 Higgins et al. 2011 
St. Jerome Creek, 
MD 

Upper 
Chesapeake Bay, 
MD 

Subtidal reefs -  
Natural and 
Restored 

DW=0.00003 ϊ SH 2.35 0.7 Liddel 2008 

West River, MD  Floating Tray WW=0.000068 ϊ SH 2.49 0.9 
Paynter & DiMichele 
1990 

Triploid Chincoteague Bay 
Floating 
Aquaculture 

AFDW=0.00003 ϊ SH2.3952 0.8 
Ross & Luckenbach 
unpubl. data 
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The Panel sent out requests to various researchers for oyster data within Chesapeake Bay and its tributaries 

that included both oyster shell height and soft tissue dry weight measurements that captured different oyster 

sizes, ploidy (e.g., diploid, triploid), culture methods (e.g., off-bottom oyster aquaculture with gear, on-bottom 

aquaculture with no gear), diploid oyster culture type (e.g., wild, hatchery-produced), season (e.g., spring, 

summer, fall, winter), and locations (total of 22 general locations; Figure 7b) with different environmental 

conditions.  CƻǊ ƛƴŎƭǳǎƛƻƴ ƛƴ ǘƘŜ tŀƴŜƭΩǎ ŎƻƳǇƛƭŜŘ ŘŀǘŀǎŜǘΣ ǘƘŜ tŀƴŜƭ ǊŜǉǳƛǊŜŘ ǘƘŀǘ Řŀǘŀ ōŜ ƻŦ high to medium 

quality and suitability based upon study location, data collection methods, data quality, and data age.  After 

closely examining data from unpublished studies and studies older than five years to data from recent, peer-

reviewed datasets, the Panel concluded that the data warranted inclusion because there was no indication 

that these data were outliers.  From their analysis, the Panel observed two very distinct shell height to tissue 

dry weight regression curves when comparing the diploid and triploid datasets and agreed that ploidy was 

likely driving differences in biomass and that these datasets would be sufficient to develop separate 

conservative oyster shell height to soft tissue dry weight regression equations for diploid and triploid oysters.  

The data used to establish the diploid and triploid regression equations are described in Section 7.1.1.1 and 

the method used, considerations, and recommended equations are described in Section 7.1.1.2.    

 

7.1.1.1 Description of Data used to derive the Oyster Shell Height to Tissue Dry Weight Regression Equations for 

Diploid and Triploid Oysters 

 

The Panel ultimately included data on a total of 5,750 diploid oysters collected between 1998 and 2015 from 

seven data sources (four published and three unpublished) and 1,066 triploid oysters collected between 2005 

and 2007 from one published data source.  Data were collected using standard methods, were from studies 

within the Chesapeake Bay and its tributaries, included a large range of shell heights (diploid shell heights: 

minimum = 13.5 mm, 0.53 inches, maximum = 184 mm, 7.24 inches; triploid shell heights: minimum = 10.2 

mm, 0.40 inches, maximum = 139 mm, 5.47 inches), and included measurements from a variety of culture 

methods (caged and floating off-bottom aquaculture and on-bottom aquaculture with no gear from various 

reef sites), culture type (wild and hatchery-produced), seasons (spring, summer, fall, and winter), and habitat 

locations, with the exception that the triploid dataset had one representative culture method (off-bottom in 

cages near the bottom) and culture type (i.e., hatchery-produced) (Figure 7b, Table 7b, and Table 7c).  

Appendix D includes a summary of the studies used in the diploid and triploid regression analyses, description 

of data not used in the analyses, and description of other potential data sources that could be pursued to 

expand the compiled dataset.          
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Figure 7b.  General locations where oysters in the compiled diploid and triploid datasets were grown grouped 

by their approximate location in the Chesapeake Bay based on the CBP Bay Regions (U.S. EPA 2004) and 

salinity characteristics based on the U.S. Army Corp. of Engineers salinity gradient maps (mesohaline =5-18 

ppt, polyhaline = 19-30 ppt; http://www.nab.usace.army.mil/Missions/Environmental/Oyster-

Restoration/Oyster-Master-Plan/).    

 

 

http://www.nab.usace.army.mil/Missions/Environmental/Oyster-Restoration/Oyster-Master-Plan/
http://www.nab.usace.army.mil/Missions/Environmental/Oyster-Restoration/Oyster-Master-Plan/
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Table 7b.  Summary of diploid oyster data (n = 5,750 individual oysters) and corresponding growth influencing 

factors (i.e., culture method, culture type, location oysters were grown, and year and season removed) from 

the different data sources used in the diploid regression analysis to determine the equation to convert shell 

height (mm) to soft tissue dry weight (g).  Percent of total dataset represents the percent of the 5,750 oysters 

from that subset.  Asterisks in the location column indicates oysters that were wild.  All other oysters were 

hatchery-produced.  Additional literature/data review information on these data sources can be found in 

Appendix D. 

 

Data 
Sources 

Related Culture Method Location 
Year Oysters 
Removed 

Season 
Oysters 
Removed 

Percent of 
Total 
Dataset 

Higgins 
unpubl. data 

Bottom Oyster Planting 
(Reef) 

Choptank River, MD* 
2008 Spring 

0.16 

Lynnhaven River, VA*  0.31 

Higgins et al. 
2011 

Off Bottom in Water 
Column 
(Floating cages) 

{ǇŜƴŎŜǊΩǎ /ǊŜŜk, VA 
2008 Spring 

0.80 

St. Jerome Creek, MD 0.66 

Kellogg 
unpubl. data 

Bottom Oyster Planting 
(Subtidal restored reef) 

Harris Creek, MD 2015 

Fall 2.80 

Winter 2.87 

Spring 2.92 

Summer 9.83 

Off Bottom in Water 
Column and Bottom Oyster 
Planting Combination 
(Subtidal restored reef - 
cages first and then 
transferred to bottom with 
no gear) 

Onancock Creek, VA 2012 

Spring 1.90 

Summer 0.02 

Kellogg et al. 
2013 

Bottom Oyster Planting 
(Restored reef) 

Choptank River, MD  

2009 Fall 0.97 

2010 
Spring 0.85 

Summer 1.91 

Luckenbach 
and Ross 
2009 (Part 1 
of Report) 

Bottom Oyster Planting 
(Subtidal patch reef) 

Great Wicomico River, VA 

2004, 2005 Fall 2.50 

2004 Spring 0.57 

2005 Summer 3.77 

Lynnhaven River, VA 2005 
Fall 1.62 

Summer 2.07 

Piankatank River, VA 

2004 Fall 0.71 

2004, 2005 
Spring 0.87 

Summer 1.41 

Rappahannock River, VA 

2004 Fall 0.35 

2004, 2005 
Spring 1.72 

Summer 0.54 
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* Wild oysters 
 

Luckenbach 
and Ross 
2009 (Part 3 
of Report) 

Bottom Oyster Planting 
(Restored and existing 
oyster reefs on 
bulkheads, intertidal 
patch reefs, marsh, 
riprap, subtidal bottom 
(not discrete patches) 

Lynnhaven River, VA* 

2005, 2006 Spring 14.24 

2006 Winter 2.26 

Paynter 
unpubl. 
data found 
in Liddel 
2008 

Bottom Oyster Planting 
(Restored reefs) 

Cabin Creek, MD 

1998 Fall 0.17 

2000 Spring 0.10 

1998 Summer 0.26 

Calvert cliffs, MD 

1998 Fall 0.43 

1999 Spring 0.09 

1998, 1999 Summer 0.83 

Chester River, MD 

2001, 2002, 2004 Fall 2.37 

2002 Spring 1.88 

2001, 2002, 2004 Summer 2.38 

Choptank River, MD 

2000, 2002 Fall 3.20 

2001, 2002 Winter  1.67 

2001, 2002, 2004 Summer 5.77 

Eastern Bay, MD 

2001 Fall 0.49 

2002 Winter 0.68 

2004 Spring 0.21 

2001, 2002 Summer 2.09 

Little Choptank River, MD 2004 Summer 0.43 

Magothy River, MD 

2001, 2002 Fall 1.15 

2002 Spring  0.47 

2001, 2002 Summer 0.87 

Nanticoke River, MD 
2001, 2002 Fall 0.21 

2002 Summer 0.26 

Patuxent River, MD 
2001 

Fall 0.31 

Spring 1.37 

2000, 2001, 2002 Summer 4.59 

Severn River, MD 

2001, 2002 Fall 1.39 

2001 Winter 0.35 

2002 Spring 0.17 

2001, 2002 Summer 1.51 

South River, MD 

2001, 2002 Fall 0.43 

2002 
Spring  0.26 

Summer 0.24 

Tangier Sound, MD 
2000, 2001, 2002 Fall 2.00 

2001, 2002 Summer 2.14 

Tred Avon River, MD 
2000 Fall 0.26 

2001 Summer 0.30 
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Table 7c.  Summary of triploid oyster data (n = 1,066 individual oysters) and corresponding growth influencing 

factors (i.e., location where oysters were grown and year and season removed) from the different data sources 

used in the triploid regression analysis to determine the equation to convert shell height (mm) to soft tissue 

dry weight (g).  Percent of total dataset represents the percent of the 1,066 oysters from that subset.  Triploid 

oysters were hatchery-produced.  Additional literature/data review information on these data sources can be 

found in Appendix D. 

 

Data 
Sources 

Related Culture Method Locations 
Year Oysters 
Removed 

Season 
Oysters 
Removed 

Percent of 
Total 

Dataset 

Kingsley-
Smith et al. 
2009 

Off Bottom  
(cages near bottom; 
experiment was 
designed to be 
representative of 
oysters on the bottom) 

Patuxent River, MD 

2006, 2007 Fall 11.16 

2005 Winter  5.53 

2006, 2007 
Spring 11.16 

Summer 11.26 

Severn River, MD 

2006, 2007 Fall 14.07 

2005 Winter 5.63 

2006, 2007 
Spring 11.26 

Summer 9.47 

York River, VA 

2005, 2006 Fall 9.47 

2006 
Spring 5.63 

Summer 5.35 
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7.1.1.2 Recommended Regression Equations to Convert Shell Height to Tissue Dry Weight for Diploid and Triploid 

Oysters 

 

Given that there was a range of values for dry weight observed across the range of oyster shell heights (Figures 

7c, 7d and 7e), the panel used the quantile regression statistical method (Koenker and Bassett, 1978) that was 

not sensitive to the presence of outliers, as the appropriate technique to derive and select conservative 

equations that could be used to convert shell height to soft tissue dry weight using the datasets from Table 7b 

(for diploid equation) and Table 7c (for triploid equation).  Quantile regression is a commonly used statistical 

method that is employed across a variety of disciplines to explore relationships between two variables of 

interest (Yu et al. 2003).  Regression quantiles represent a series of planes that contain an increasing 

proportion of sample observations (Cade and Noon, 2003).  When the 0.5 quantile is calculated, this 

corresponds to the median of the dataset; i.e., 50% of the y values lie above and 50% of the y values lie below 

each specified x value.  It is possible to calculate both linear (lrq) and nonlinear quantile regressions (nlrq) 

using the R statistical package quantreg (Koenker 2006; Koenker 2016), which was necessary since the 

relationship between oyster dry weight and shell length has been shown to be a power function.  Overall, 

quantile regression was favored by the Panel because it better addresses datasets where high variability exists, 

which is the case for converting oyster shell height to soft tissue dry weight.   

 

The Panel recommends using the 0.5 quantile oyster shell height (mm) to soft tissue dry weight (g) 

regression equations to derive default nitrogen and phosphorus reduction effectiveness estimates.      

 

The 0.5 quantile was calculated for the entire dataset based on the equation y = axb, using the nlrq function 

and starting values for a and b based on mean estimates of the power function.  Analyses indicated that 

differences in ploidy resulted in clear differences in the relationship between oyster shell height and oyster 

soft tissue dry weight, warranting the use of separate regression equations for diploid and triploid oysters 

(Figure 7c).     

 

As a result, the Panel recommends that the corresponding 0.5 quantile regression equations be used to 

derive separate estimates from diploid and triploid oysters. 
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Figure 7c.  Shell height to tissue dry weight 0.5 quantile regression curves for diploid and triploid oysters.  

Refer to Tables 7b and 7c for data that was used to develop the curves. 

  

 
 

The following is the tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ лΦр ǉǳŀƴǘƛƭŜ ǊŜƎǊŜǎǎƛƻƴ Ŝǉǳŀǘƛƻƴ ŦƻǊ ŘƛǇƭƻƛŘ oysters (Figure 7d): 

 

y = 0.0004x1.82 

 

where x equals the oyster shell height in millimeters and y equals the soft tissue dry weight in grams. 

 

 

The following is the recommended 0.5 quantile regression equation for triploid oysters (Figure 7e): 

 

y = 0.00005x2.39 

 

where x equals the oyster shell height in millimeters and y equals the soft tissue dry weight in grams. 
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Figure 7d.  ¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ Ŝǉǳŀǘƛƻƴ ǘƻ ŎƻƴǾŜǊǘ diploid oyster shell height in millimeters (x-variable) 

to tissue dry weight in grams (y-variable) based on the 0.5 quantile regression curve (y = axb; n = 5,750 

oysters). Table 7b summarizes this data by data source, culture method, location, and date and season oysters 

were removed/harvested from Chesapeake Bay and its tributaries.  The solid red line depicts the 50th quantile 

and the dashed red lines represents the error terms a and b. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7e.  ¢ƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ Ŝǉǳŀǘƛƻƴ ǘƻ ŎƻƴǾŜǊǘ triploid oyster shell height in millimeters (x-variable) 

to tissue dry weight in grams (y-variable) based on the 0.5 quantile regression curve (y = axb; n = 1066 oysters). 

Table 7c summarizes this data by data source, culture method, location, and date and season oysters were 

removed/harvested from Chesapeake Bay and its tributaries.  The solid red line depicts the 50th quantile and 

the dashed red lines represents the error terms a and b. 
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