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Key Definition&elated to their Use in this Report

Assimilation: The process where oystegenvet the nitrogen and phosphorus withimbsorbed food into
substance of the body (e.g., tissue, shell).

Biodeposition:Organic matter(e.g., feces and pseudofeces from oysteleg)ositedon the bottom (i.e.,
sediment surface)

Burial: The process in which nutrients are trapped in the bottom sediment for fiongscalesi(e., below the
active zonenvhere decomposition occuys

Cultch:Material suitable for settlement of oyster larvée.g., oyster shell) Aso, referred to as substrate

Cultchless oystersSingle oysters produced by settling oydtawae on pieces afubstrate small enough to be
indistinguishable from thadult shell at the time of harvest.

Denitrification: The process that reduces nitrates or nitritesnitrogen gascommonly by bacteria in the
bottom sediment. Nitrogen gas ultimatelgscapes into the atmosphere.

Diploid oyster:Wild or hatcheryproduced oysters containing two complete sets ofromosomes, one from
each parent and capable séxualreproduction.

Hatcheryproduced oysterDiploid ortriploid oysters propagated outside their natural environment in private
or Staterun hatcheries.

Oystea hatchery:Private or Stee-run operations that produce diploid and/or triploid oyster lanvagside
their natural environment for research, restoration, educational, and/or commercial uses.

Oyster reef restorationActivities aimed to restorand/or protect oysters tancreasethe wild oyster
population.

Oystersanctuary:An area of bottom closed to oyster harvest usually with the intention of allowing oyster
populations to recover.

Oyster seedRefers to oysters below legally harvestable siz# tgpically 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 heightThe longst distance (parallel to the long axis) between the hinge and lip of the oyster.
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Oyster spatTypically 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 ayster aquaculture:Growing and harvestindiploid or triploidoystersin areas designated for oyster
aguaculture where public fishing is not allowed (e.g., Sgaamitted oyster aquaculturdeasedo private
oyster aquaculturists

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

Quantile regressionType of regression analysis that estimates the conditional median or other quantiles of
the response variable.

Recruitment:The number of indildualssurviving to a certain size, age, lifie stage(e.g, spat, reproductive
maturity, etc.).

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

Substrate:Materials(e.qg., shellgranite, etc.) that oyster larvae can attach t&hell substrate is alseferred
to ascultch

Substrate addition:The act of placingubstrate (e.g., sheljranite, etc) on the sediment surfac® harden
the bottom to enhance thepotential recruitment of wid oyster larvae.

Sufficient Sciencen the Panel's best professional juagnt, 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 categoy.

Suitable for Reduction Effectiveness Consideratitmthe Panel's best professional juaignt, the reduction
process could occur in association with a particular oyster practice catagdrinvolves an enhancement
activity that could result in theroduction of new oyster§i.e., the reduction effectiveness can be attributed to
the practice)

Suspendedsediment: 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: Hatcheryproduced gsters containing three sets of chromosomes, typically a result of
hybridizing a diploid (Bet chromosome individual) with a tetraploid-¢4t chromosome individualja human
manipulation The resulting triploid oyster lacksproduction capabilities.

Unintended Consequencéotential unexpected negative or positive effects resulting from the practice.
t 2aA0A0S dzyAYyiSyRSR 02y aSljdzsSy0Sa I NB NBFSNNBR G2 I
terminology found in tke BMP Review Protocol (CBP 2015).

Verifiable: In the Panel's best professional jushgnt, a practical method exists, or could be created, to track
reduction effectiveness if the BMP is implemented.

Wild oyster:Diploid gssters produced in their natural gronment without human involvement.

1.0 Introduction

Federal and State governments aetivelyNB 0 dzA f RA y 3 { K Fasteftoystel(CiBdodtr€a . I @ Qa
virginicg population for ecological benefits while concurrently building a robust oyster @dtuae industry.

With scientific research demonstrating that oysters can contribute to the reduction of nutrients (nitrogen and
phosphorus) and suspended sediment from the water colKellogg et al. 2013 and 2014zxizzle et al.

2008, there is growig 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)

t I NI Yy SNEKALIQA 'aiédlRiset to Fsdebevetheér @ppidpiiate progress towardwater quality

goals established byhe Total Maximum Dailydad (TMDL), is being mafler the Chesapeake Bay (U.S. EPA

2010). As aresult, 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
STFSOGAPSySaa 2F 28aiSNI LINF¥OGAOSAE Fa .ata F2NI F LILX )
nitrogen, phosphorus, and suspended sedimemtuetion effectiveness of oyster practices based on existing
science.The Oyster BMP Expert PaneK S NB I T (i $di#ened onlSgpiiben80, 2015 shaet monthly

for atotal of 7 meetingstodate{ SS ! LILISY RAE | ¥F2 NJ & dzYard ot aclivifiesii KS  t |y
and AppendiEfor meeting minutes) and has had numerousnail and phone conversations to develop the
recommendationgound in this incremental report.

Oysters consume algae and other organic matter from the water column throtgghféieding. A portion of

the nutrients within that organic matter, including nitrogefiN)and phosphorugP) are assimilated o the
22a0SNRa GAaadzsS | yR adieredy remove frdneti Wated colurhrOystersifurtiveo 0 |y |
enhancenitrogen removaby creating conditions conducive to denitrification and burial of organic matter

I5SGrAfa 2F GKS /.t LINIYSNBKALIQa Y2RSf FTNIYSg2N)] Oly oS8
http://www.chesapeakebay.net/groups/group/modeling_team
9
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(Newell et al. 200p Denitrification is the final step in a set of transformations that converts orgamogah

to nitrogen gas, &rm of nitrogen thatcannot be used for growth by phytoplanktokVhen oyster waste is
deposited onto the sediment surface, it can be buried, making the nitrogen and phosphorus it contains
unavailable to the water colum{Newell et al. 2005)In addition to filteringorganicmatter from the water
column, gsstersalsoremove inorganic mattein the form of suspended sedimerasdincrease water clarity
(Grizzle et al. 2008 and sources thejeifhese oysteassociated nutrient and suspended sediment reduction
processes were &gl by the Panel to develop the individual reduction effectiveness crediting protocols for
BMP applicationurther described irSection 6.0.

Various oyster practices existthe Chesapeake Bagvolving different culturaypes (e.g., hatcherproduced
diploid or triploid oysters, wild diploid oysters) and cultumethods (e.g.oysters growroff-bottom in the

water column ingear oron-bottom without gear, transplantinguvenilewild oysters from one location to
another). Additioally, these practicesperate under differentfisheries management approachescluding
private oyster aquaculturé.e.,oysters are grown and harvested by private oyster aquaculturists within-State
permitted areas designated for oyster aquacultyrie public fishery (i.e Qysters are harvested by individuals
with appropriate licenses within Stateanaged areas designated for public fishjmgd oyster reef

restoration (.e., oysters are restored and/or protected in sanctuaries where harvesting is prohibRegate
oyster aquaculture and public fishery practiaesult in the eventual removdharvest)of the oysterdrom the
waterbody, while oyster reef restoration practices aim tioe oysters to remain in the watewith the

intention of allowing oyster populations t@cover. Oysters used in these practices are either hatchery
produced (i.e., oysters propagated outside their natural environment in private or-8tatbatcheries) owild
(i.e., oysters that spawned within their natural environment with no human ireroknt). Additionally, the

ploidy (i.e., the number of sets of chromosomes in a cellhefdysterscan be either diploid or triploid. Wild
oysters are diploid and capable of sexual reproduction. Hatepmgtuced diploid oysters are similar vald
oydgers, 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). Hatchevgduced triploid oysters, created by manipulating
chromosomes of broodstock to produce triploiffspring 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 tiipgses of this report, wild
oysters are assumed to be diploid oysters.

Private gger aquaculture practicesccurs in Statgpermitted areas where public fishing is not allowed and

use either hatcheryproduced diploid or triploid oysterswild oysters or a combination These practices

involve growing oystersff the bottom in the water column in protective gear (e ffpating rafts near the

surface or cages near the bottgrar directly orthe bottom without gear. Oystergrown offbottom are
usuallycultchless (i.e., individual oysters where the initial shell substrate is indistinguishable from the rest of
the shell). Aquadturists growing oysters ohottom without gear typically enhance their leased bottom by
reclaiming or adding hard substrate ge.shell, granite, etc.) suitable for recruitment of wild oyster larvae
OKSNBI FiSNE dQsaddiosaddint hatShedpriadrRded cr Rily oyster larvae set on oyster shell

0 K S NB bpatonSsheliplanding).£ If using juvenile wild oysters, tigere typically moved from one location

10
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and transplanted to a different location within the Chpgake Bay or its tributariesn 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 izetween locations, and/or the addition of hatchguyoduced,
diploid oyster spabn-shell. Thesernactices 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, gster reef restoratiomracticesaim to increase the number of oysters that will remain in the
waterbody. Oyster reef restoration praices typically occur within Statgesignated sactuaries where

harvesting is currently prohibited to allow oyster populations to recovEnese practices inclugassive and

active oyster reef restoration techniques. Passive oyster reef restoratiornves/designating an area as a
sanctuary with no additional activityActive oyster reef restoration involves planting oysters (e.g., hatehery
produced, diploid oyster spain-shell, adult wild oysters), substrate addition, or a combination of these in the
designated sanctuaryThe ultimate goal of oyster reef restoration practices is to provide a starting point that
will enhance natural recruitment success resulting in asettaining, &limensional reef and increases in the

wild oyster population in th&€€hesapeake Bay and its tributaries.

The Panel identified totalofMu 2@ & G SNJ LINF OG A OS OF G S32 NAS éEemdvadS NI 02
remains in the waterbodyfJisheries management approache., private oyster aquaculture, publishiery,

oyster reef restoration)culture type(i.e., diploid or triploid hatcherproduced oysters, wild oystersand

activity/culture method(i.e., oysters grown off or on the bottom, transplanted oysters, substrate addition, no
activity)(Table 1a This first reportonly includes recommendations fprivate oyster aguaculturpractices

Of the five privée oyster aquaculture practice categories identified, the Panel felt that only the following three
categories should undergo BMP consideratffumther described in Section 5.:0)

1 Off-bottom private oyster aquaculture using hatchegroduced oysters
1 Onbottom private oyster aquaculture using hatchgrgoduced oysters
1 Onbottom private oyster aquaculture using substrate addition

¢ KS t I ySt QérniRgSvdichdysterpradice yategories 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.g¢he reduction effectivenessan be attributed to the practice).The

t I yStAada oOhdtdl FriRkatelbysteraquaculture using transplanted wild oystérs/ Rrivate

oyster aquaculture with no activly a4 K2 dz R y 23 dzzyRSNH2 . at f(e@esens& S NI { A ;
transfer of poduction from one location to anothdi.e., no net reduction), while the latter, by definitiotpes

not include any enhancement activities.

11
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Table 1aChesapeake Bay oyster practices identified by the Panel based on oyster fate, dishemeggement appaxch, oysteiculture typédploidy, and
activity/culture method This report includes recommendations for the oyster practice categories related to private oyster aquaculture (depictecedy th

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

Chesapeake Bay Oyster Practices

Qyster Fate Oysters removed (harvesteffpbm waterbody Qysters remairin waterbody
Fisheries
Management Private oyster aquaculture (water cofun and bottom leases) Public fishery Oyster reef restoration (sanctuaries)
Approach
Hatchery Hatchery
eI Hatcheryproduceddiploid Wild oysters(diploid) produced Wild oysters(diploid) produced Wild oysters(diploid)
Typd Ploidy or triploid oysters diploid L
diploid oysters
oysters
Hatchery
produced
g?gvsvtnerosff Addition of
the bottom | atchery substrate Addition of Addition of Sanctuary
; produced . . to the . . creation Sanctuary
using some Moving wild hatchery Moving wild | substate :
o oysters bottom to followed by creation
Activity/Culture | sort of gear oystes from produced oyster from | to enhance o Sanctuary
grown on . enhance None ! . None addition of followed by :
Method (e.q., one location . oysters (e.g.| one location | recruitment o creation
X the bottom recruitment . hatchery addition of
floating . to another - spaton- to another of wild
using no of wild produced substrate
rafts near shell) larvae
gear oyster oysters
the surface
larvae
or cages
near the
bottom)
Off-bottom | On-bottom Onbottom Onbottom | Onbottom
- X Onbottom | Onbottom - . .
private private . - . public fishery public public . . .
private private Private - ) Public Active oyster Active
oyster oyster oyster fishery fishery ) . .
. oyster oyster oyster . fishery | reef restoration | oyster reef Passive
Oyster Practice | aquaculture| aquaculture production oyster oyster . ; .
; ; : aquaculture | aquaculture| aquaculture - . . with using hatchery | restoration | oyster reef
Title using using ; ; . using production | production : . )
using using with no ! : no produced using wild | restoration
hatchery hatchery L hatchery using using L
transplanted | substrate activity adivity oysters oysters
produced produced . " produced | transplanted| substrate
wild oysters | addition . L
oysters oysters oysters wild oysters | addition
Oyster Practice A B C D E = G H 3 K L
Category
*Panel
E)f‘;’,\r/ln?ends Yes Yes No Yes No TBD TBD TBD TBD TBD TBD TBD
Consideration
*¢KS tlyStQa RSOAaAA2Y O2yOSNYAYy3I oKAOK 28ai0SNIJ LINF Ol AOS hérthé fraceceslinSlide an kKrbancementattiity NS coddy

result in the overall production of new sters(i.e., thereduction effectivenessan be attributed to the practicib

indicataséthat the Panel supports the usetloé recommended reduction

effectiveness estimates for those practidescause theygould result irareductionof the pollutans, while"No" indicates norendorsement because there would be no reductamsa result of the

LINF OGAOSo

G¢.5bh AYRAOIF(GSa

GKIF G

iKSas$s

LINF: O A OSa

I NBrtediiniaAfutute repd®tA y3 S @I f dzZt G SR o0&

iKS

1
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The Panel also identified eigbtysterassociated nitrogen, phosphorus, and suspensediment reduction
processegfurther described irSection 6.0)

Nitrogen Assimilation in Oyster Tissue

Nitrogen Assimilation in yter Shell

Enhanced Denitrification Associated with Oysters
Phosphorus Assimilation in Oyster Tissue

Phosphorus Assimilation in Oyster Shell

Suspended Sediment Reduction Associated with Oysters
Enhanced Nitrogen Burial Associated with Oysters
Enhanced Phephorus Burial Associated with Oysters

© N o g wDdh e

When paired with the oysterrpctice categories, this creatél uniqueoyster practice ategoryreduction

effectiveness crediting protocol combinatioask S NB | F (i SLNNER (a2 0N £ O (GiaOvBiA oydteis A 2 Yy € 0
could reduce nutrients and suspended sediment€hesapeake Baylhe Panel decidethey could nove

forward with recommendingeduction effectiveness ésnates for someof thesecombinationswhile others

they feltneeded more deliberation due to variousutstanding scientific and policy issuds. light of thisand

the interestthe CBP has expressed in consideringttie y' SeEof@d@endations in the Chesapeake Bay TMDL

2017 midpoint assessmerthe Panel decided to submit itscommendations incrementallallowingthe

reduction effectiveness protocols feomepracticesto be applied in a timelier manneiThis approach is in

fAYS 6A0GK GKS tFyStQa NBO2YYSYRSR RSOA&AZ2Y FTNIYSg2!
practices for BMP applicati (further described irBection 4.0) The Panel is following the procedures outlined

inthe CBA NIiy SNA KA LJQa WdzZ @ wmo S HGCBR p015)Apaendi B daSchidés thisS OA S 6t
NEB LJ2 NIi renidly with 2his fr@ocol and additional informatia concerning BMP application

CKS tIySfQa NBLR2NI AO0KSRdzZ S 72 miTablk ShaviSchrighlighsghal By & 02
combinations found in this repo(t®), those tentatively scheduled for the next rep@2“), 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 issuesaeently being discussed within the CBP Partnership Management

Board.
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L2t A

Table 10 ¢ K S t | ayirfed répart stliiedule for the 9yster practice categorgeduction effectiveness crediting protocol combinations. The
recommendations found in this report&r f | 0 EEES R KSm NBO2 YYSYRIFGA2ya LIXIYyYySR FT2NEAKBYRSO2yR A
N\BOQYYSYIV?I- (]7\2)/51 OKFG FTNB fFro0StSR I|a az2zy Kz2f¢ R¢é¢ RdzS ﬁionr%pim’ﬁ.éﬁl- )/IV?A)/EI
Private Oyster Aquaculture Public Fishery Oyster Reef Restoration
F. On-
A. Off- B. On- G. On- H. On-
bottom bottom C. On- D. On- bottqm bottom bottom J. Active
. . bottom bottom . public . . .
private private . . E. Private |,. public public oyster reef |K. Active
private private fishery . . . . .
. oyster oyster oyster fishery fishery I. Public [restoration |oyster reef [L. Passive
Oyster Practice Categony oyster oyster oyster . . . .
- aquaculturelaquaculture aquaculture] . oyster oyster fishery with|using restoration |oyster reef
x Crediting Protocol . . aquaculture [aquaculture| . production . . - . . .
using using usin usin with no usin production ([production [no activity [hatchery- [using wild [restoration
hatchery- [hatchery- 9 g activity g using using produced |oysters
transplanted|substrate hatchery-
produced |produced . . transplanted/substrate oysters
wild oysters |addition produced . o
oysters oysters wild oysters|addition
oysters
1. Nitrogen Assimilation | =, 1st 1st 1st 1st 2nd 2nd 2nd ond | Onhold | Onhold | On hold
in Oyster Tissue
.2' Nitrogen Assimilation 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd Onhold | Onhold | On hold
in Oyster Shell
3. Enhanced
Denitrification Associate 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd
with Oysters
4. Phosphorus
Assimilation in Oyster 1st 1st 1st 1st 1st 2nd 2nd 2nd 2nd Onhold | Onhold | On hold
Tissue
5. Phosphorus
Assimilation in Oyster 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd 2nd Onhold | Onhold | On hold
Shell
6. Suspended Sediment
Reduction Associated Onhold | On hold On hold Onhold | Onhold | On hold On hold Onhold | Onhold | Onhold | Onhold | On hold
with Oysters
7. Enhanced Nitrogen
Burial Associated with On hold | On hold On hold Onhold | Onhold | On hold On hold Onhold | Onhold | Onhold | Onhold | On hold
Oysters
8. Enhanced Phosphorus
Burial Associated with On hold | On hold On hold Onhold | Onhold | On hold On hold Onhold | Onhold | Onhold | Onhold | On hold
Oysters
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Insummary,K S t I ySt Qa NBO2YYSyYyRIGA2ya F2dzyR Ay GKAA& TANA

1 A decision framework to determine the nutrient and suspended sediment reduction effectiveness of
2830SNJ LN OGAO0OS&ax NBFSNNBR (G2 Fa GKG@uctarh@a iSNJ . a
9FFSOGADSYySaa 5SUSNYVAYIF(GA2Y 5SOAAA2Y CNIYSE2N] ¢
report.

§ Defaultreduction effectiveness estimas&d 2 NJ 4G KS dbAGNRISY ! adAYAf I GAZY
Gt K2 &4 LJK2 NHza | & aCAAYaAZirokeSss ehg/a nietfioddlogyyitaieStaklish sispecific
estimatesfor the followingprivate oysteraquaculturerelatedoyster practicesOff-bottom private
oyster aquaculture using hatcheproduced oysterson-bottom private oyster aquaculture using
hatcheryproduced oystersand m-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 @BP Partership andoublic feedback on

preliminary recommendations (February and April 2016), six open briefings tOBR&/ater Quality Goal
Implementation Team (WQGIT) with notifications sent to interested parties, and squdat
presentations/webinars. Dalls of these engagement/outreach efforts greesented in Appendix AThe

Panel also had a afayreview period for theCBP Pdnership and interested partiekom September 22 to
October 22, 2016. A response to comments document was provided as sgopédmaterials 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 reived from the CBP Partnership and interested parties.

The WQGIT determined that policy issues raised by the Panel and stakeheoddesutside the purview of

0§KS t Iy Sandwduldd&dvallBt&d by the CBP Partnership Management Board. The @BRsPip
Management Board is working on resolvihgsepolicy issues in parallel to the Oyster BMP Expert Panel
RSOSt2LIAY3I NBRdAzOGA2Y STFSOGADGSYySaa NBO2YYSYRIGA2Yyac
issues will not prevent adecisigny G KS t I ySf Qad NBLR2NI aAyO0S GKS tySt
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 whiakticeprotocol combinations to

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

15, 2016 Special Management Board Meetinghisreport.L G A& Ay (GKS thel ySt Q& 2 LAY
recommendationdgound in this first incremental repodre not influenced by any of the outstanding policy

issues

The Panel is asking the WQGIT, in coordination wittCBB Partnership arkésheries and Habitat Goal
Implementation Teams, to review and approve teeammendations found in this first incremental report.

2 Policy decisions from the Jeri5, 2016 Special Management Board meeting can be found at
http://www.chesapeakebay.net/calendar/event/24109/
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The Panetecommends thatonce a reduction effectiveness crediting protocol is approved for a given oyster
practice categoryTable 13 it can be implemented for the practicegthin that category ¢ee Section 5.6r
oysterpractice definitions and Section 6.0 for descriptions of the oyatsociated reduction processte
protocols are based gn The Panel also recommeralfowing incremental determination, approval, and
implementation of nitrogn, phosphorus, and suspended sediment reduction effectiveness estimates where
science exists for the various oyster practiasgletailed in it®©yster BMP Nutrient and Suspended Sediment
Reduction Effectiveness Determination Decidioanmework (describedn Section 4.0 The Panelelt that this
Decision Famework would allow the most practical and adaptive strategy in implementing oyster practices as
BMPs givetthe variety of oyster practices and the wide range in dineount of science available to euate

the reduction effectivenessf the variouspracticeprotocol combinations

2.0 Summary of Panel Recommendations in this Report

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

the incremental determination, approval, and implementationimdividualcrediting protocols associated with

2 & & (r&lcBoeffectivenessf nitrogen, phosphorus, and suspended sedimepplied to different oyster

practice categories (fther described irBection40). ¢ KS t I yStf Qa4 NBO2YYSYRSR 2@&ai¢
based on grouping individual oyster practices that would have similar reduction effectiveness considerations
(further described in Section 5.08. KS t I ySt Q& NB O2 Y YienessprBtochSaredm3édor y S ¥°
oysterassociated processes that reduce nitrogen, phosphand suspended sedimeffurther described in

Section 6.0).

CKA&a FANRG AYONBYSyldlf NBLR2NI RSaONAROSa (KeBesst ' ySt Qi
SAGAYIFIGSa F2NJ GKS abAGNRISY ! aaAYAELFGA2Y Ay he&aidSNJ
reduction effectiveness crediting protocols specificovirginicaysters when they are removdtarvested)

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

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

1 Off-bottom private oyster aquaculture using hatcheroduced oysters
1 Onbottom private oyster aquaculture using hatcharoduced oysters
T Onbottom 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 ref@ible 2a

summarizei K S t redyicidn effectiveness deteination status for theédentified private oyster
aguaculturepracticeprotocol combinations
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Table 2a Thereduction effectivenesdetermination status fofi K S

t Iy $ner@ded oystBr Qraciice

categoryreduction effectiveness creditingrotocol combinationgor private oyster aquaculture categories
a | iddicates that the Panel has recommendededucton effectiveness estimate thag ready for

implementtionuse2 y O S

I LILINR GSRZ
will present recommendations in a future rep@rX-Fractic&

aPael ishstil Relib@riatiigh this domMbindtiordnd S
Ay RIAKS tSay St Q&

Fo&Othed A 2

practiceprotocol combination for BMP consideration becaudadks an enhancement activity that could
increaseoyster production(i.e., there would be naet reductionin pollutantsattributed to the practice)and
GKt 2t AOeé ¢ hdttidRelistah duStandirdg policy issue still being delisgan by the CBP Partnership
Management Board anthat Panel deliberations are currently on hold until the policy issues are resolved.

Private Oyster Aquaculture
A. Off-bottom B. On-bottom C. On-bottom D. On-bottom
. rivate oyster rivate oyster rivate oyster rivate oyster E. Private oyster
Oyster Practice Category x prv y . prv y . prv y . prv y . v y .
. aquaculture usingaquaculture usindaquaculture usingaquaculture usingaquaculture with
Crediting Protocol . o
hatchery- hatchery- transplanted wild |substrate no activity
produced oystergproduced oystergoysters addition
1 N|trog§n Assimilation in # # X-Practice # X-Practice
Oyster Tissue
2. Nitrogen Assimilation in D D X-Practice D X-Practice
Oyster Shell
3. Enh_anced _Demtnﬂcatlon D D X-Practice D X-Practice
Associated with Oysters
4. Phosph Assimilation i . .
osp orus Assimilation in # # X-Practice # X-Practice
Oyster Tissue
5. Phosphorus Assimilation in D D X-Practice D X-Practice
Oyster Shell
6. Suspended Sediment
Reduction Associated with ? - Policy ? - Policy X-Practice ? - Policy X-Practice
Oysters
7. Enhanced Nitrogen Burial . : . . .
. . ? - Polic ? - Polic X-Practice ? - Polic X-Practice
Associated with Oysters y y Y
8. Enhanced Phosphorus . . . . .
. . . ? - Polic ? - Polic X-Practice ? - Polic X-Practice
Burial Associated with Oysters y y y

For protocols wherasufficient sciene existsto establshthe reduction effectivenestor anoyster practice
category(e.g., practiceprotocol combination indicated by K S
that onceit is approveddy the WQGIT, in coordination with ti@BHPartnership and Habitand Fisheries

GITs, ibecomes available as a BMP optibat State and local governments can consitteselect, fund, and
implement within their jurisdictions to meet their water quality goalthe Panel recognizes that after

approval of any recommendegduction effectiveness estimates, implementation and verification procedures
would need to be established anditstanding policy issuagsolved using approved procedures from the CBP
Partnership. The Panel encourages the CBP Partnership to incorpppaigunities for stakeholder
involvement and input during these procedure/pohlmtated determinations.
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QX

Forpracticeprotocol combinatiorswherethe Panel determined K SNBE A ay Qi , thelParieh OA Sy i
recommends that ncesufficient science iavailable it be evaluated by an Expert Parfellowingthet | y St Qa
recommended Decision Framework and tBBFPartnershipBMP Review Protoc¢CBP 2015p determine

the reduction effectienessand approval.According tal K St ihcsei@dnt@l &pproacfonce approvedthe
practiceprotocol combinatiorwould be added as a BMP option along with the other approved oyster8MP

In order to use multiple protocols for a practiceetBMP implementewould need tofulfill the qualifying
conditions for each procol they would like to use. For protocols that address the same pollutant, the
reduction effectivenasvalueswould be added together for thtotal nitrogen, phosphorus, or suspended
sedimentreduction effectiveness.

The Paneils recommendinghe following reduction effectiveness estimat&s2 NJ 4§ KS abA G NR ISy | &
hedaldSNI ¢AaadzSé I yiRh 20y Ki2ya LBKS2aNSied endaaskavarhtd oysiNE (1 2 02 f &
aquaculture practices

1. Defaultdiploid and triploidestimatesregardless of locadin (Section 7.1).

2. Sitespecific estimatethat can be pursuetty the BMP implementer, in coordination with the
Chesapeake Bay Partnership and reporting jurisdigtiondza Ay 3 G KS t I ySf Qa NBO2Y
(Section 7.2).

Therecommendeddefaultdiploid and triploidreduction effectivenessstimatesuse50" quantileregression
equatiorsto convert oyster shelldight to tissue dry weight, applying the regression equatiasingthe

midpoints fromestablishedyster size classes to determine the tissug weight,andthen multiplyingthe

tissue dry weighby the percentnitrogen and phosphorus contesin oyster tissue¢ KS t I ySf Qa RSTI
estimates for diploid and triploid oysters are presented able 2b.The method and rationale for thdefault

estimates can be founah Section 7.1and Appendix D
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Table 2bThet I Yy St Q& NXRl&auvhié&ghrRr@Rhosphoruseduction effectiveness estimatés
oyster tissudor diploid and triploid oystersThese estimates wererived byusingthe midpointof the
recommended oyster size classes in millimetarthe diploid or triploidcc0" quantile regession equationso
determine the tissue dry weight in grarfar each size class. The calculated tissue dry weight was then
multiplied by therecommended.2%and 0.9% averagaitrogen and phosphorus contesin oyster tissudoy
dry weight, respectivelyto determine the grars of nitrogen and phosphorus in tlegsteis within that size

class
Default Estimates
Oyster Size Clag Size Clasg Size Class Content in Oyster Tissue (g/oyster)

Range Midpoint | Midpoint Diploid* Triploid**
(inches) (inches) (mm) | Nitrogert | Phosphorug | Nitrogert | Phosphorug
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

X podp 6 152 0.31 0.03 0.67 0.07

*Diploid 50" quantile regression equation: tissue dry weight (g) = 0.0004 * Shell Height-fhm)
**Triploid 50" quantile regression equation: tissue dry weight (g) = 0.00005 * Shell Heigh#gtnm)

Uy oz | GSNF IS yAGNRISY O hysédoy seven studies@nawiat& il aléng tdeShtlaRtid Eoash; Sskdtie aver
of the site means for studies outside of Chesapeake Bayspéeific averages were used for studies within Chesapeake Bay)
anod: | GSNF IS LK 2 & LK 2 dfinkeighi(Baged hyhiee studies2ndCheSapdhly Baniesdadging approach as

nitrogen, but only studies in Chesapeake Bay were found).

The Panel alscecommends that theCBP Partnership adopt an approach that allows the BMP implementers
establish si-specific nitrogen and phosphorus reductionesffiveness estimatefor their oysterpractice The

Panel used a conservative approach to develop the default estimates, therefore, they likely underestimate the
overall nitrogen and phosphorus reduction effeetness. Sitspecific estimatesvould offeran opportunity to

refine the estimatsto better reflect the nitrogen and phosphorus reduction effectivenaesthat practice in

the specific location ibccurs.¢ KS t I ySf Qa NBO2 YYSYRSR -3pbaifikeadtimatdszsI e (1 2
describedn Setion 7.2. ltinvolves thepracticeworking with the CBPartnershigto determine ther

representative oyster size classes averagetissue biomasassociated with their practice

The Panel recommends the follong qualifying conditions to be appli¢d both the default and sitespecific
estimates (Section 8.0):

1 Only includes oysters that are removed moving forward from the time the BMP is
approved/implemented for reduction effectiveness credit in the TMDhis baseline condition was
proposed by te CBP Partnership Management Board and the Panel concurs with their decision.

9 Opysters had to have bgrown from initial sizes < 2.0 inches shell height.

1 Oysters have tbe alive when removetb count toward the reduction effectiveness

19



FINAEL Oyster BMP Expert Panel First Repokipproved on Bcember 19, 2016

¢ KS t flegbrBrieqdd application and verification guidelines can be faor@kction 9.0. e Panel is of

the opinion that reportingpyster harvest inndividualsis thepreferredapproach, since the total number of
oysters is needetb calculate the reduction edictiveness However they also recognized that other units

(e.g., bushels, boxea)e currently being used by Statder reportingoyster harvest. Thereforé, KS t I y St Qa
recommended application and verification guidelines in Section 9.0 were developedaant 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 scientificalfensible mannerBriefly, the Panel identifiethree

types of data that woultbe needed to apply theeduction effectivenesestimatesunder differentharvest

reporting unitscenariostype and total number of containers, average number of oysters in each container,
and average size of oystin eachcontairer type. The Panallsoidentified two ways in which oyster
aguaculturists are packaging oysters, 1) variable sized oysters togettier samecontainer and 2) uniform

sized oysters in separate containers. The first approach is rataeant to onbottom growers andhe second
approach is more relevant to effottom growers.¢ KS t I ySt Qa GSNATFAOF A2y 3IdzZA RS
approach If packaging variable sized oysters in the same contatinen the implementer can only report in

one oystersize class determined by the average shell height of 50 random oysters per two time periods that
areapproximatelyé months apart. If packaging uniform sized oysters in separate containers then the
implementer can report in multiple oyster size classetednined by the average shell height of 50 random
oysters per two time periods that amgpproximatelyé months apart for each size class that they are reporting
in. For both packaging approaches, the Panel recommends that the number of oysters parardstai
determined by counting the oysters from 10 containers and using the avetagastances whergloidy
designation owerificaion measurements are missing, the Panel recommends using the diploid estimates with
the minimum legal size dfarvestedoysters and State documented information specifying the average

number of minimum legal sized oystdhat can be packaged in a specific containBxamplesof these
approacheare presentedn Sectiorf.4. Ultimately, it will be the reporting jurisdictiws, in coordination with

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

There are also instances where oysters are @y asingleoysteraquaculture entityfrom theinitial grow

out location to another location in theh@sapeake Bay or its tributarie$he 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 growout location to a final grovout locationwhere they are harvested and 2)
oysters are grown predominantly in the initial granut location and are moved to the final gresut location

for a short amount of time (typically less than thme®nths). 1aquaculturissuse the first strategy, thethe

Panel recommends thdhe entire reduction effectiveness credit is applied to the final giaaw location since

the initial growout location would not qualify to receive any credit because the reduction effectiveness
estimates only apply when oysters ageeater 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 -guavilocation because

the oysters were predominantly growing and assimilating nutrients frioat &rea. 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 gyatMocation. Both the default and sHgpecific
edimates would be applicable for these movement scenarios. However, for thesti#ic estimate, the
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aguaculture practicenust have approved estimates for the location that is receiving the credit. In developing
the above recommendations, the Pafisiteniwas that the aquaculture entitymoving the oysters from the
initial grow-out location would also be removing the oysters from the final goawlocation for reduction
effectiveness credit.

The Panel recommends the following information to be m@d if oystesare grown in one location or
multiple locations:

If oysters are grown at one location
1 Ploidy: Dploid or triploid oysters
1 Type of aquaculture practic@ff-bottom Private Oyster Aquaculture Using Hatch@mnpduced
Oysters OnBottom Rivate Oyster Aquaculture using HatchePyoduced @sters or OnrBottom
Private Oyster Aquaculture Using Substratieliion

Reporting unit: Bushels, boxes, other container (indicate what type), or individuals
Packaging type: Variable oyster sizes or uniformeryszes

Central coordinates (latitude and longitude)lo€ation (also referred to asitial grow-out location
Month/year removed from final grovaut location

Numbe of containers of live oysters or individual oysters from final gomlocation

=A =4 =4 =4 4 4

Oyster count average for unit verification check (10 representative containers per two time periods
from final growout location)

91 Shell height average(s) for oyster size verification check (50 random oysters from 10 containers per
two time periods from finagrow-out location)

Additional reporting if oysters are grown at multiple locations

1 Central coordinateflatitude and longitude) of thé&nal grow-out location

1 Month/year oysters werenoved to the final growout location

1 Average oyster shell height of B8ndom oysters before being placed in the final grow location
(verification check to know whether to apply the credit to the initial or final goawlocation)

CKS tIySfQa NBO2YYSYRSR SadAYlGdSa ¢SNB RBa@&ted LISR
live oysters.As a result, any reduction effectivenesedits generatedfrom these practices would only be
applicabbe for the annual timeframeuring which the live oysters are harvestetherefore the reporting
jurisdiction willneedto report the number of oysters harvested or pounds reduced annuébyroyster
practicesparticipating as a BMP, tHeanel recommends that the reporting jurisdictimtorporates these
components in existingnonthly reports to track the BMEe.g., State mothly harvest reports) The Panel
recommends reevaluation of estimates every 5 years, if new science becomes available, following the
established resvaluation 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 ardescribed in Appendixdnd weredeveloped by the CBP Modeling Team based on

NEGASHAY3

iKS

t L yStmeslinhBODYYSYRIGAZ2Y A
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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, norofit organizations, and county, statend federal agencies who have expertise in oyster
biology/ecology, water quality, fishery management, and/or oyster praatigdementation [able 3%

Table 3a Experts participating in the Oyster BMP Expert Panel

Panelists

Affiliation

Expertise

Jeff @rnwell
(Panel Chair)

U. of Maryland Center for
Environmental Science (UMCES)

Oyster filterfeeding, nutrient cycling dynamiasiodeling,
sediment biogeochemistry, oyster ecologypulation
dynamics

Suzanne Bricker

NOAA, National Centers for Coasts
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 Aquadture

Lisa Kellogg

Virginia Institute of Marine Science
(VIMS)

Oyster reef ecology and resation, oyster filterfeeding
and nutrient cycling dynamics

Andy Lacatell

The Nature Conservancy (TNC)

Oyster restoration

Mark Luckenbach

Virginia Institute oMarine Science
(VIMS)

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

Chris Moore

Chesapeake Bay Foundation (CBF

Fisheries andyster restoraéion, oyster aquaculture, water
quality, implementation of Chesapeake Bay TMDL, BMH
review

Matt Parker

Sea Grant at U. of Maryland, Princd
DS2NBSQa / 2dzyieé

Oyster aguaculture, business planning

Ken Paynter

U. of Maryland Marine, Estuarine,
Environnental Sciencé€hesapeake
Bay Laboratory

Oyster restoration, oyster biologand population dynamics

Julie Rose

NOAA Northeast Fisheries Science
Center, Milford Lab

Nutrient bioextraction, marine spatial planning for shellfi
activities, aquaculturenvironment interactions

Larry Sanford

U. of Maryland Center for
Environmental Science (UMCES)

Coastal physical oceanography, sediment transport,
oceanographic instrumentation

Bill Wolinski

Talbot County Department of Publi
Works

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

Lew Linker g'fﬁépr Chesapeake Bay Progra Chesapeake Bay Modeling Team Representative

Jeff Sweenejatt US EPA Chesapeake Bay Progra Watershed TechnicaVorkgroup (WTWG) Representativd
Johnston Office

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

Lucinda Power

U.S. EPA Chesapeake Bay Progra
Office

Water Quality Goal Implementation Team Representati

Rich Batiuk

U.S. EPA Chesapeake Bay Progra
Office

BMP Verification Representative

Coordinators

Affiliation

Expertise

Julie ReicherNguyen

Oyster Recovery Partnership

Coordination andacilitation, Clean Water Act, TMDL
program, water quality, fisheries science, climate chang
ocean acidification

Program management, oyster restoration, environmenta

Ward Slacum Oyster Recovery Partnership A ) .
monitoring, fisheries ecology

Emily French Oyster Recovery Partnership Seagra§s 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 chasgigh fulfilling three overall goaldased orthe Chesapeake Bay

t N2 INJ Y
sediment controls:

t I NIYySNARKALIQA

9 E LIS NJi

at tlFySt wS@ASs t

1. Reach a consensus on acceptable nutrient and suspended sediment reduction effectiveineatesst
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 tappégation

%
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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 1tdentify and defineoyster practices, including aquaculture and restoration activities
for nutrient reduction BMP consideration. Evaluate whether existing science supports the evaluation
of sediment reduction effectiveness.

Charge Item 2Develop a reduction effectivenesgediting decision framework that will allow the
incremental approval of nutrient and suspended sediment reduction effectiveness estimates based on
oysterassociated processes (e.g., nitrogen and phosphorus assimilation in tissue, nitrogen and
phosphorus asimilation in shell, nitrogen removal via denitrification) for various oyster practices.

Charge Item 3Use the established reduction effectiveness decision framework from charge item 2 to
propose reduction effectiveness estimates that are determireetidve sufficient science to help
inform the Chesapeake Bay TMDL 2017 Midpoint Assessment.

3.2.1 Key changes from the Oyster BMP Expert Panel Charge

 InthePanelcharge®i KS RSOA&A2Y FTNIYSG2N] o6& NBFSNNBR (2
decisionF N} YSG2N] T¢ K26SOSNE (GKS t+FySf RSOARSR Al 67
bdzi NASY(d IyR {dALSYRSR {SRAYSyil wSRdzOlA2y 9FFSO
(hereafter, dDecision Framewoé in order to make it clear that the fn@ework 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.

1 Initially, thePanelcharge included in thémeline an incremental approval step fiustthe Oyster
BMP Nutrient and Suspended Sediment Reduction Effectiveness Decision Framigsearkse the
Panelfound the need to modify thelecision st@s in the framework as they developed reduction
effectiveress estimates hie Panel determined that approval thfe Decision Framework with the
t |y Stsed éf reedommended estimatasould be more efficienthan a standalonereport on the
Decision FrameworkThus,reduction effectivenesestimates presented ithis report can be viewed
as a test case for thapplication of theproposedR S OA A 2y FTNI YS g2 NJ] Paloné KAf S
report on the Decision Framework, tfanel didorovide two review/comment opportunities on
Decision Framework drafts duriigK St upgated t@xke Water Quality GIT (February and April
2016; see Appendix A for more informatiofjhe Panel felt it waisnportant to have the Partnership
and interested partieseview and provide input othe Decision Framework early in the édspment
process Comments that were received were reviewed by the Panel and they made changes
accordingly resulting in the decision framework preserite&ection 4.0.

9 Oyster practice titles and definitions have been refined from what was presemtibe icharge (see
Table 1an Section 1.0 and Table &bSection 5.0)

3The Oyster BMP Expert Panel Charge can be found at
http://www.chesapeakebay.net/channel files/23104/oyster bmp expert_panel charge finbd-85.pdf
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4.0 Recommended Oyster BMP Nutrient and Suspended Sediment Reduction
Effectiveness Determination Decision Framework

tKAa aSOlAzy RSaONARO6Sa (KS t lofd&drine thaldrogen ph&spharGsR RS O
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
agreedupon decision frameworkecause there are no existing BMPs involving fikeders 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. TleziBion Framework the Panel is proposing is specific to
determining the reduction effectiveness and the proper application ofestgmatesin the CBP Partnership

model framework used to inform the TMDRAddressing policy issues (e.g. nutrient tradindpeigond the

purview of the paneknd not included in the Decision Framewoillte Decision Framework is specific for

oyster practices, but the Panel acknowledges that a similar framewaork could be developed for other filter
feeding organisms found in the &mapeake Bay and its tributaries.

There were twaCBP Partnership and stakeholdéB @A S¢ 2 LILI2 Nl dzyAGAS&a 2y GKS t |
during the February 8 and April 25, 2016 WQGIT meetings (see Appendix A for more details). The Panel
considered all tb comments they received on the draft documents. The recommended Decision Framework
presented in this section captures these considerations.

h@dSNFrfts GKS tIyStQada NBO2YYSYRSR 5S0AaA2Y CNI YSg2N]
and impgementation 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 protds based on oystesssociated 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 buifitiBtecision

Framework opportunities to identify knowledge gagosd/or additional data needetb determine reduction
effectiveness, including a decision pathway where unknown estimates could be revisited when new science
0S02YSa | @I Af lecoiniSehded Dekiston Framgvotk 3 furthsiddescribed below.

4.1 Main Steps of the Decision Framework

The Rnel identified four main steps for the Oyster BMP Nutrient and Suspended Sediment Reduction
Effectiveness Determination Decision Framew@seFigure 4§ Thesesteps 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.

Step 1: Determine oyster practice categories and individual oyster-associated nutrient and
suspended sediment reduction effectiveness crediting protocols for evaluation.

A J

Step 2: For each suitable oyster practice category and reduction effectiveness crediting
protocol combination, determine the reduction effectiveness estimate (e.g., number/rate,
equation/method to calculate estimate) based on current scientific understanding.

A

A

Step 3: Decide if the estimate would be ver

ifiable (i.e., a practical method and the

information needed to apply the method exists) and if so, provide verification guidelines.

L 4

Step 4: Identify any unintended consequences and decide if negative effects could be
addressed so they don’t outweigh environmental benefits.

Thet I Yy St Q& RS Tritefiduded id fiéiDedsion Araénéwork are described below:

1. Suitable forReduction Effectivenes€onsiderationin the Panel's best professional judgment, the
reduction process could occur in association with aipatar oyster practice category and agives an

enhancement activity that could result in the production of new oys(ees, the reduction
effectiveness can be attributed to the practice)

2. Sufficient Sciencdn the Panel's best professional judgment, data of sufficient quality and scigie ex
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 BM

4. Unintended Consequencdotential unexpected negative or positive effects on the environment
resulting from the practicet 2 8 A 0 A @S dzy AYG§SYyRSR 02y aSljdsSy0Sa
in this report to match the terminology found in the BMP Review Protocol (CBP 2015).

P is implemented.
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4.2 Step 1 Decision Points

CKS tIySftQa NBO2YYSYRSR {(GSLI m RSOAAAINFiguddh yGa F2NJ
During Panel discussionshbecame clear thiaa wide variety of oysterelated practices ar@nplemented in
Chesapeake Bay and certain practices would likely require different reduction effectiveness considerations
than others. The Panel agreed that groing oysterpractices including cultivatior{i.e., private oyster
aquaculturepractices and public fishery practidemnd restoratior(i.e., oyster reef restoration practicesjto
broad categoriesvith similar reduction effectiveness considerations would be more efficient than assessing
practicesindividually. 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 guidelngecause the practices in each category would involve similar
decisions. This decision point is incorporate&tep 1 (see Figure 4box 1.a.i).The Panegproposes that
endorsedpracticeprotocol combinationgor BMP consideratiobe thought of as segrate BMPs so
establishedestimates for onecombinationcan move forward through the BMP approval procestependent
from the other combinations

Figure4db¢ KS t I yStft Qa NBO2YYSYRSR {(iSLI m RSOA&AAZY LRAyGaA
Saliment Reduction EffectivenegseterminationDecision FrameworkThe goal of this step is to determine

the oyster practice categories and individual oysassociated nutrient and suspended sediment reduction
effectiveness crediting protocols for evaluati

(1.a.i) Establish oyster practice categories that (1.a.ii) Identify individual nutrient and suspended
capture individual practices that would have sediment reduction effectiveness crediting
similar nutrient and suspended sediment protocols based on oyster-associated nutrient and
reduction effectiveness considerations. sediment reduction processes.

I |
]

(1.b) For each reduction effectiveness crediting protocol and oyster
practice category combination, determine whether it would be
suitable for reduction effectiveness consideration.

Suitable Not Suitable

v A 4
(1.c) Goto Step 2. (1.d) Recommend that the protocol
not be applied for that particular
category and provide rationale.
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The Panel agreed that oysters can improve water quality because of thekifdé#tding capabilities @scribed

further in Section 6.0 The Panel decided that each oystssociated process that reduces nitrogen,
phosphorus, and suspended sedint should be developed asseparate reduction effectiveness crediting
protocol Figure 4b 1.a.ii) that could be evaluated and applied individually. The Panel also agreditethat
reduction effectiveness of protocols invalgthe same pollutant (e.gnitrogen 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 pradgtiG@mannessimilar to tre

approved approach used by the Urban @treRestoration BMP Expert Panel (Schuler and Stack 28te}).2

of the Decision Framework describes the decision points concerning the determinatios &duction
effectiveness estimategf the practiceprotocol combinationg(see Section 4.3).

During discussions, the Panel agreed that there may be instances where a reduction effectiveness protocol
g2dz RYyQl 06S adzAi il oftS (2 O2yAARSNI gA (K lassdahatddli A Odzf I NJ
processwvould not occur. For instance, protocols associated with enhanced burial of nitrogen and phosphorus
may not be sitable to group with harvestelated oyster practice categories because disturbance from
harvestingmayprevent burial processes from happeagi(i.e., the conditions would never be suitable to
supportenhanced burial) Also, the Panel agreed that not all practijpetocol combinations would result in a

reduction of the pollutant The Panel decided that the practipeotocol combination need® 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 considerai@a result, the Panel

incorporated this decision poinbio Step 1 of the Decision Framework ($&gure 4bBox 1b). The Panel
RSFTAYSR dadzAidlofS T2NJ NBRdAzOGA2y STFSOUAGBSySaa O2yal
reduction process could occur in association with a particular oystatice categorand involves an

enhancement activity that could result in the production of new oys(ees, the reduction effectiveness can

be attributed to the practice§ ¢KS trFyStf FStd G0KAa RSOAAAZ2Y LRAYOH |
Decision Framework tavoidspendngtime evaluating combinations where the reduction would not ocour

is not attributed to the practice It is important to note that this step aims to identify which potential crediting
protocols should be evaluatedrfa 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 woulel forovard to Step 2 of the Decision
Framework to determine the reduction effectiveness estimate (feigin, Box 1c). The Panel decided that

they would not evaluate any combinations that are determined to not be suitable for reduction effectiveness
consiceration (Figuretb, Box 1d).

4.3 Step 2 Decision Points

¢tKS tlFySftQa NBO2YYSYRSR {0SL)I H RSOAAAZ2Y LRAyGa F2NJ
These decision points focus on determining the reduction effectiveness estimate forwetdtiesoyster

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
sufficientscientific data to determine the reduction effectivenesstimate Figure 4¢Box 2a). The Panel used
their best professional judgment to answer this questi@pecificallythey evaluated whether data of

sufficient quality and scope existed to genexat 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 estimat&igure 4cBox 2b). The Panel also built into ghilecision the identification

and consideration of any applicable factors that could influence the estimate, particularly environmental and
implementationrelated factors (e.g., genetidgidy, seasonal effects, cultureethod/type, type of gear used).
These considerations may result in multiple estimates within a protocol to account for these influencing
factors.

¢CKS tlIySf AyOfdzRSR 020K aydzYoSNkNI(GS¢ | yR aSldz GA2y
because the Panel recognized that $mme 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 sipecific condibns requiring a method for

jurisdictions to use to calculate the estimate (i.e., high variability irdtite; Figure 4cBox 2b). In cases

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

the Panel recommends evaluating the crediting guidelifégure 4¢Box2.c) separatelyor the different

practice categories because they may not be the same depending on how the practices are implemented. The
tyStQa NBEO2YYSYRSROPHABERAAYYHKSdZA BET S SHY¥SY B RSaOND
Expert BMP Panel Review Proto@BP 201fand includes the following:

1 Guidelines on the environmental conditions (e.g., water chemistry, bottom substrate) needed for the
estimate to be valid.

1 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 revaluated.

1 Guidelines on determining baselisenditions.

1 Guidelineson where and how estimates cde incorporated into the Chesapeake Bay Mautg!
Framework, includingredit duration for applicable crediting protocols for a given oyster practice
category.

The Panel agreed that crediting guidebndeveloped by the Pangthouldfocus on ensuring that the
recommended reduction effectiveness is correctly applied andihgthe CBRPartnershipand jurisdictions
make an informed decision. The Panel acknowledges that the final decisions concericimgadhction
effectiveness estimates to pursue and how they will be implemented and verified is the responsibility of the
CBFPartnershipand jurisdictions.
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Figure4c¢ KS t I ySt Qa NBO2YYSYRSR

crediting protocol combinations identified Btep 1 (se&igure 4.

(2.a) Is there sufficient scientific data to determine no

{ §SL) v RS OA dehded/Sedidit Reddctio RfftitivénésS DeiegnanatiSriNg
Decision FrameworkThe goal of this step is to determine the reduction effectiveness estimate fiaibéeioyster practice categomeduction effectiveness

v

the reduction effectiveness estimate?

yes

h A

(2.b) Determine the estimate (e.g. number/rate,
equation/method) based on existing science,
including the identification and consideration of
applicable environmental and implementation factors
that would influence the estimate.

v

(2.c) Recommend BMP crediting guidelines for

can be addressed, if known.

(2.e) List identified knowledge gaps and
provide recommendations on how they

v

(2.f) Does a methodology exist
now that can be used to address

no_

knowledge gaps so that an
estimate could be determined in
the near future (within 5 years)?

yes

A 4

(2.h) Recommend that the
protocol not be used for that
practice category at this time until
further review by an Expert Panel.

estimate, addressing key elements described in the
CBP Partnership BMP Review Protocol.

(2.d) Go to Step 3. 4—,_

*(2.g) Panel recommends a
methodology to determine the
estimate, including the consideration
of applicable environmental and
implementation factors that would
influence the estimate.

* |f the recommended method is used to determine what the estimate would be within the 5 year timeframe, then thedtameiendghat the estimateis
reviewedand approved using a similar approach as thevaluation procedresfor existing estimges described in the CBP Partnerskipert Review Protocol
(CBP 2015)The Panel encourages the CBP Partnership to incorporate opportunities for stakehatdeeinent and input concerning these reduction

effectiveness estimatdeterminations.
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The Panel agreed that there should be a decision patHamystances whersufficient dataare not available

to determinethe reduction effectivenes#or a practiceprotocol combination Insuch instanceghe Panel
recommendsddentifyingknowledge gapand including recommendations drow to addresshem, if known
(Figure 4c, Box.@). From thisknowledge gagvaluation, f the Panel identifiea methodthat could be used

to establish the rduction effectiveness estimates in the ndature (within 5 years) andufficient data

becomes availablehenthe Panelrecommendghat the recommended method besed to determine the
estimates andhat the review and approval of the estimates follovessimilar approach ake re-evaluation
procedures forexisting estimges described in the CBP PartnersBipert Review Protocol (CBP 20@yure

4c, Boxes 2 and 2g). Forpracticeprotocol combinationss K SN (G KSNB Aay Qi | Of SI NJ Y
recommends that theracticeprotocol combinatian(s)be evaluated again byrsewly convenedexpert Panel
following the CBP Partnershifxpert Review Protocol (CBP 201Bhe Panel felt this distinction was important
to make because there are cases where methexist, butsufficient data have noget been collectedut

could with relative easeThe 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

¢t KS t I ySft Qa StdBdeiyion PoihRF& fhe Decision Framework is desciibEajure 4d This

decision point focuses on evaluating whether the reduction effectiveness estimate determined in Step 2 is
verifiable(Figure 4d, Box.8). ThePanel added this decision poinased onCBP Partnership and stakeholder
O2YYSyia GKIFIG 6SNBE NBOSAOGSR 2y | LINB@A2dza RN} Fi o ;
professional judgment, a practical method exists, or could be created, to track reduction effectiifdhess

.at A& AYLX SYSYyUSRpé¢
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Figure 4d ¢ KS t

yStQa
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Sediment Reduction Effectiveness Determination Decision Framewbekgoal of this step is to evaluate
whether the estinate would be verifiable (i.e., a practical method and the information needed to apply the

method exists).

(3.a) Is the estimate verifiable?

no

A

yes
r

(3.b) Provide general guidelines on
methods that could be used to track,
report, and verify the estimate.

A

r

(3.c) Go to Step 4.

h A

(3.d. )Recommend that the

protocol not be applied for that
particular category at this time

and provide rationale.

Per the CBP Partnership BMP Review Proi@BP 2015the Panel also built into this step to provide general
guidelines on methods that could lesed to track, report, and verify thestimate (Figured, 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 Panéle®that the estimate is not
verifiable, then they will recommend that the protocol not be applied for that particular category at this time

(Figure 4¢ 3.d).

4.5 Step 4 Decision Point

¢CKS tlyStQsa

NBEO2YYSYyRSR

{ ibréFrameworki§ dedcmbadigurel4e Thig (i

decision point focuses on identifying any unintended consequences associated witrattiee protocol
combination Figure 4e Boxes 4-4.d) that the Panel encounters during their data reviehhe Panel défies

dzy AYGiSYRSR 02y aSljdSy0Sa &% GLRGSYGALt

A % 4 oA 9~

FNRY (KS Faddntiédinidténdded consequencebat are negativethe Panel wildlecidewhether
they can be controlledothey donot outweighenvironmental benefi (Figure 4¢ Box 4b). If the Panel is in
the opinion that they can be controllethen they willalsoidentify optionsthey are awareof that couldbe
evaluated by the CBP Partnership to assist in preventing or redingngegative effec{Figure 4e, Box 4.¢)
Negative unintended consequences are discussed in SectionROditive unintended consequences are

referredi 2 | &

Gl yOAE £ NBE

(CBP 201%nd are discussed in Section 11.0

G8ySTAGAE AY
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Figure 4e ¢ KS t | y S f mdeéd Steg4Qigcisidvh$oifdr the Oyster BMP Nutrient and Suspended
Sediment Reduction Effectiveness Determination Decision Framewbekgoabf this step is to identify
unintended consequencesom the data review and decideahy negative effects cape controlled so that
they do not outweigh environmental benefits

iva:i\?ftjlrclir;gn:;\e; szzftive (4.b) If negati\f'e, can it be (4.d.) Recommend that
(i.e., ancillary benefit) and R contro.lled so .|t does not no R the Protocol not be .
negative unintended outwglgh environmental applied for thé.lt partlcular
consequences. benefits? category at this time and
provide rationale.

yes

v

(4.c) Identify approaches that could be evaluated
by the CBP Partnership to prevent the occurrence
or reduce effects from negative unintended
consequences, if known.

5.0 PrivateOysterAquaculturePractices Defined

5.1PrivateOysterAquaculturePractice Categories

This section defines the privatgysteraquaculturepractice categories that the Panel recommends for BMP
reduction effectiveness consideration. The Pdinst categorized all oyster practices that occur in the
Chesapeake Bay by oyster fate (i.e., rentbgeremains in thavaterbody), fishery management approlac
(i.e.,private oyster aquaculturepublic fisheryoyster reefrestoration), oyster culture typ#ploidy (i.e., diploid

or triploid, hatcheryproduced omwild) andactivity/culture method (i.e. off-bottom, onbottom, transplanted,

no activity) (Tabk 19. The goal of the categories were to group individual practibaswould havesimilar
considerations concerning the determination of ttegluction effectiveness. From there, the Panel

determined which categories they would recommend for BMP considerati®nt of the five private oyster
aguaculturepractice categoriethat the Panel identifid (Table 5a)they decided to recommend three of the
categories for BMP consideratigfiable 5. ThePa6f Q4 RSOAaA 2y O2yOSNYy Ay 3 GKAC
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 (ilee reduction effectienesscanbe

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

can be found in Table 5b
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Table 5a Identification and gouping structure of identifieghrivate oysteraquaculturepracticesin
Chesapeake BayDefinitionsof categories recommended for BMP consideratiwe found inTable 5b

Chesapeake Bay Oyster Practices

Oyster Fate Oysers removed (harvestedjom waterbody
Fisheries
Management Private oyster aquaculture (water cofun and bottom leases)
Approach
Qyster Culture Hatcheryproduced diploid or triploid . L
TypePloidy oysters Wild oysters (diploid)
Hatchery
produced oysters Addition of
grown off the Hatchery Moving wild substrate to the
o bottom using | produced oysters g bottom to
Activity/Culture oysters from
Method some sort of geaf grown on the one location to enhance None
(e.g., floating bottom using no another recruitment of
rafts near the gear wild oyster
surface orcages larvae
near the bottom)
Off-bottom Onbottom p:?vr;?gtégger Onbottom Private
Oyster Practice private oyster private oyster agquaculture private oyster oyster
: aquaculture aquaculture ; aquaculture aquaculture
Title . . using . .
using hatchery | using hatchery transolanted | YSiN9 substrate with no
produced oysters| produced oysters wild gysters addition activity
*Panel
Recommends for
BMP Yes Yes No Yes No
Consideration
Oyster Practice A B c D E
Category

FEKS tHyStQa RSOAaA2y O2yOSNYyAy3a gKAOK 2@8adGSNI LINTF Oi
based on whether the practices include an enhancement activity that could result in the overall production of new ¢
OADPSPE GKS NBRIOGA2Y STFSOUA@SySaa OFry o6S | GGNROdA S
recommendakd reduction effectiveness estimates for those practices because they could result in a reduction of the
pollutants, while "No" indicates neandorsement because there would be no reduction as a result of the practice.
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Table 5b Private oysteraquaculturepractice categoriesecommendedor BMP consideratioand their
definitions.

Category| Oyster Practicélitle | Definition
Hatcheryproduced diploid or triploid oystergrown off the bottom in the
Off-bottom private water column usingomesort of gear (e.gfloating rafts neathe surface
A oyster aquaculture | or cages near the bottojnn an area designated fooyster aquaculture
using hatchery where public fishings not allowede.qg.,Statepermitted oyster
produced oysters aquacultureleases tooyster aquaculturisfsfor eventual removal from
the water.
Onbottom private Hgtcheryproduceddlplmd or trlploildoysters (e_.g., spabn-shell)grown
directly on bottom using no gear imarea designated for otexr
oyder aquaculture 2o .
B using hatcher aquaculturewhere public fishings not allowede.g.,Statepermitted
9 y oyster aquaculturdeases tooysteraquaculturistsfor eventual removal
produced oysters
from the water.
. Placingoyster shell or alternative hard substrate, such as gratitéhe
On-bottom private ) . : S
bottom sediment surfacéo attract recruitment of wild (diploid) oysters
oyster aquaculture | . . R
D . in an area designated for oyster aquaculture where public fishing is n
using substrate . .
I allowed (e.g.Statepermitted oyster aquaculture leases to private oyst
addition .
aquaculturist$ for eventual removal from the water.

5.2 Representativ@yster Practicefor the Endorsed Privat@ysterAquacultureCategories

The representativeyster practices that occur in Chesapeake Bay that fall under eack ehttorsed private
oysteraquaculturepractice categories defined iFeble 5bare described below.

5.2.1 Category Aff-Bottom Private Oyster Aquaculture Using HatcliRrpduced Oysters

Representativeff-bottom private oyster aquaculturenethodsusing hatcheryproduceddiploid or triploid
oystersinvolverearing hatchenproduced cultchless oysters or sgat-shell oysters in rafts, cages, bags,
trays, nets or suspended on lines above the sediment surface. Oysters are typicallyimehs=dearfor over
a year until they reach market size (76 mm) and then harvestedoiassumption. Examples include:

1 Raft cultura Rafts use floatation devices (e.g., bud@¥C, 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 raftsRafts 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.

9 Cage culture Oyster cages are camgcted 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 inblogsthe sediment surfae.

Like rafts, cages are frequently monitored and cleaned, and the oysters are sorted for size and
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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 arager column lease to anotheReasons for moving oysters
include poor water qualitye.g., moving oysters fropolluted waters toapproved waters for harvestingy to
change the taste profilée.g., moving oysters to a more salty location).

5.2.2 Categry B:On-Bottom Private Oyster Aquaculture Using HatcliRrpduced Oysters

Representativen-bottom private oyster aquaculturenethods include planting hatcheqyroduceddiploid or
triploid oysters asspaton-shelldirectly on the bottom(no gear)or eventual removal from the watewhen
oystersreach market size and can be harvested for consumpt@ysters typically require over two years to
reachminimummarket size, but oysters may be left in the water beytind size. Thispracticemay also
involve movingthe oysters from onéottom leaseto anotherfor eventual removal from the watelReasons
for moving oysters include poor water quality (e.g., moving oysters froltated waters toapproved waters
for harvestingr to change the taste profilée.g., moving oysters to a more salty location).

5.2.3Category DOn-Bottom Private Oyster Aquaculture Using Substrate Addition

Representativen-bottom private oyster aquaculture usirspbstrateaddition methods involveaddingoyster
shell oranalternative substrate, such as granite, directly on the bottfm gear)o attract recruitment of
natural (wild) oystergassumed to be diploid$dpr eventual removal from the waterOysters produced using
this practice are treaté and harvested similarly to éoottom, hatcheryproducedcultured oysters.
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6.0 OystetAssociated Processes for Reduction Effectiveness Crediting
Protocols

The Panel discussed the various oystesociated nitrogen, phosphorus and suspended sediment reduction
processes and curngly identified the following eight individual reduction effectiveness crediting protocols:

Nitrogen Assimilation in Oyster Tissue

Nitrogen Assimilation in Oyster Shell

Enhanced Denitrification Associated with Oysters
Phosphorus Assimilation in Oystershis

Phosphorus Assimilation in Oyster Shell

Suspended Sediment Reduction Associated with Oysters
Enhanced Nitrogen Burial Associated with Oysters
Enhanced Phosphorus Burial Associated with Oysters

© N gk wdBE

When algaer other organic matter are consumed bystersthroughfilter-feeding, the nitrogen and
phosphaus within are assimilated in theysteiQ issue and shellThese nutrients are therefore unavailable to
water column processes farrange of timescales dependent wether oyster tissue or shell is cadsred
(Kellogg et al. 2013)0yster shells, wéther 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 cycleatk into the environment on a shorter timescale (Kellogg et al. 2013,
Newell 2004 and sources thereimysters removed from the water for consumption or other purposes also
remove the nutrients sequestered withthe oystet

Denitrification, which mvolves microbial transformation of biologically available nitrogeniga$, is an
additional means by which nitrogen is removed from the system, and it is enhandkd pyesence of

oysters. Oystersenhance the formation o heterogeneous sediment gacewith oxic and anoxic sediments
in close proximityand supply carbon in the form of biodeposits to the sediment surface, two characteristics
that are necessary for denitrificatidn occur(Smyth et al2015 and sources therein, Gutierrez and Jones
2006, Kellogg et al. 2013Dnce nitrogen is transformed to;as, it travels throgh the water colummand
escapes into the atmosphere.

The oyster filter feeding process removes inorganic particles, such as suspended sediments, and organic
particles, sul as algae containing nitrogen and phosphorus, from the water colurmareasing water clarity
(Grizzle et al. 2008).ikeoyster shells, biodeposits may become buried (Newell 2004), which serves to remove
nutrients from the water column for long time dea Figure 6adepictsthese N, P, and suspended reduction
processes associated with oysters.
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Figure 6aOysterassociated processes that reduaiérogen (N), phosphorus (P), asdspendedsediment.
The numbers in circles correspond witie reductioneffectiveness crediting protocals

N and P
A. Nitrogen and phosphorus

enter the system through point
and non-point sources

F.N,gasis
released into
atmosphere

B. Water containing algae
and suspended sediment
is filtered by oysters, @

E. Denitrification:
Microbes in the
sediment use
conditions enhanced by
oyster presence to
transform N into N,
gas,

C. Oysters
assimilate N
and P in tissue
and shell, @

D. Biodeposits with sediments and other
unusable materials are excreted. They can
become buried, sequestering N and P in

the bottom sediment, (7) (®

The Panel concurred that Protocols 1 and 4, involving nitrogen and phosphorus assimilation in oyster tissue
have sufficient data to recommend reduction effectiveness estimfitesysteraquaculturepractices (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 becauités unclear at preserttiow to address théssue of shells from

harvested oysters being eventually returned to tikesapeak8ay. Becausaysteraquaculture andeef

restoration practices reljreavily on oyster shefind with oyster shell being a lireit resourceany decrease of
shellbeingreturnedto the Chesapeak8ay could have unintended negative impactsluese 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

AYONBIAaS Ay 28aidSNBE® ¢KS GSNY aSyKIyOSR:E yR al 44

because the Panel wanted to be clear that theteysare 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 tstreis) for other

contributing organisms to populate. The Panel is mindful that denitrificatated reduction effectiveness
recommendations will have to adequately address variability. The Panel also recognizesitiaates of
nitrogen and phospbrus will depend on sedimentological and physical characteristics of sites and requires
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demonstrable long term sequestratidar consideration of whether Protocols 7 and 8 should be applied to
certain oyster practice categorie§he Panel plans to includecommendations on the reduction effectiveness
from enhanced denitrification associated with oysters in the second incremental report. Even though there is
likely lesinformation on enhanced burial of nutrients associated with oysters, the Panetktdtfongly 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 determéas whether crediting burial frorayster practicesvould be legal since the

pollutants are technically still in thehesapeak8ay.

The Panel had an in depth conversation concerning sispended sedimertould be incorported into a
crediting protocd (protocol 6) sincsuspended sediment would only be removed from the water column and
deposited on the bottom by the oysters and not removed from @tesapeak8ay. The Panel decided that it
would be important for the CBP Partnbig Management Boardbtfirst evaluate thepolicy/legal issuef this
(i.e., carremoval from the water columiollowed by deposition on the bottorbe incorporated in the

reduction effectivenessredit). The Panel is putting the evaluation of this protocol on hold until the
ManagementBoard reviews pertinenpolicy issus.

39



FINAL Oyster BMP Expert Panel First Repokipproved on December 19, 2016

7.0ReductiorEffectiveness Estimates fditrogenand Phosphorus
Assimilagdin Oyster Tissue

tKAad aSOGA2y RSAONARO6SE (KS tlyStQa NBO2YYSyRI{A2ya
GbAGNRISY ! aaAYAT I GA2Y AY headSNI ¢A&aadzsSé FyR GKS at
effectiveness crediting protocols specific@o virginicaysters when they are removegtiarvestedfrom the

water viaprivate oysteraquaculture pactices. The Panel endorsing these recommendations only for

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

1 Off-bottom private oyster aquaculture using hatchgroduced oysters
1 Onbottom private oystermquaculture using hatcheigroduced oysters
T Onbottom 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 Jand will present their recommendations in a future report.

¢KS thFySf Aa NBO2YYSYRAY3 (g2 2LIA2ya F2NJ GKS abAidl
ld3aAYAELFGA2Y Ay healdSNI ¢AadadsS¢é LINRPG202f aQ NBRAzOGA 2

1. Default eéimates for recommended practices regardless of locati®ection 7.1).
2. Ste-specific estimate developed by the BMP implementer, in coordination with@®P Partnership

and reporting jurisdictiond.e., State agencigsdza A y 3 G KS t I y S ftifddologySedioi Y Sy R S
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 iBection 8. Option 2 can be pursued if the BMP implementer decides they want to

develop asitespecF A O SaldAYIGS 6a4SS {SOGA2Yy TdHUO F2NJ GKSANI LI
intentionally conservative (see Section 7.1), the Pé&aileit was important to give BMP implementers the

option to develop sitespecific estimates that might ka higher values than default estimates. The same

gualifying conditions apply to all estimates.

The cfault reduction effectiveness estimates for assimilated nitrogen and phosphorus are described in detalil
in Sction 7.1. While models existat can ke used to estimate growth and assimilation (e.g. FARM model,
Appendix ¢, the Panel agreed thahe reductioneffectiveness estimates should be developed using an
empirical approachThe dafault estimates are calculated using regressions based on existiago convert

oyster shell height to oyster biomass in termssoft tissuedry weightof shell height midpoints and

multiplying by the percent nitrogen and phosphorus content in dry tissBeparate regressions were

developed for diploid and triploidysters due to clear differences in the shell heightissuedry weight

regression curves for these two types of oysteffie shell height midpoints are based on oyster size class
ranges recommended by the Panel. The percent nitrogen and phosphorientambyster tissue were
derivedusing averageom existing datdrom the Atlantic Coast of the.B.

7.10ption 1: Default Reduction Effectiveness EstiafateNitrogenand Phosphorus
Assimilated in Oyster Tissue

The Panel decided that there wadfitient 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 threstep process:

Step 1:Determine theoyster shdl height to tissuedry weight regressionequations 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 described3action 7.1.1 Refer to Figure 7.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 establiing 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
describedn Section 7.1.2).
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Step 3 Establish and apply theercent ntrogen and phosphorus ontent 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 tissuettfar described irBections 7.1.3) to

determine the reduction effectiveness estimates for the different oyster size class ranges (see Section
7.1.4).

lf 0K2dAK AAYAT NI G2 GKS | LILINPF OK NBO2YYSYyRSRityge { ¢!
consider variability resulting from ploidy (i.e., diploid and triploid), culture location (i.ebatfbm in water

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

salinity). In addition, the Pahalso 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: @terShell Height toissueDry Weight BgressiorEquations

The first step of thelefault nitrogen and phosphorus assimilated in oyster tissue reduction effectiveness
estimates was to identify appropriate regression curves for the relationship between oyster shell (Féght
7a) and soft tissue biomass in terms of dry weight basedhugeiual shell height and tissue dry weight
measurements from individual oysters.

Figure7a. 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. Notettslaell 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&ggn, the Panel foundhell height to
biomass regressions highigriable Table 73, likelybecause 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 dnhtwadgsus tissue asfiee

dry weight). Because incineration of samples is a required step in determining tieeagiry weight and

nitrogen content cannot be derived from an incinerated sample, it is not feasible to determine bofreash

dry weight aml nitrogen content for the same individudlherefore, theParel concluded that only datasets
from within the Chesapeake Bay watershed that included individagster shell heights and corresponding
biomass in terms ofissuedry weightwere suitable for nclusion in the compiled dataset used to determine

default estimates for nitrogen and phosphorus contained in oysters.

Table 7a Summary othell height to soft tissue dry weighiomass regression models for the Eastern Oyster

grown in a variety ofdcations and conditionsear or within the Chesapeake BaRpW=dry tissuaveight (g),
AFDW-=aslfree dry tissue weight (g), WW=wet weight (g), and SH=shell higigh}.

Aquaculture

. . Habitat/Culture .
Ploidy Location Method Equation R Reference
Subtidal reefs | \ rp\w=0.00008sH4257 0.8
Spring
Great Wicomico, | Subtidal reefs _ .
Rappahannock Summer AFDW=0.00007SH-7%¢ 0.7 Ross & Luckenbach
and Piankatank ; unpubl. data
Rivers VA E;I?“da' reefs | AFDW=0.000a1H 547 0.9
Subtidal reefs | »er\y=0.00002SH:5%8 0.9
All seasons
James River, VA | Subtidal reefs DW=0.000423 SH 7475 - Mann & Evans 1998
Intertidal Reefs [ AFDW=0.000BSH-%352 0.8
Lynnhaven Inlet ; — QS 133465 Ross & Luckenbach
Diploid | VA Subtidal Reefs AFDW=0.00008SH 0.7 unpubl. data
All Reefs AFDW=0.00006SH28%° 0.7
{ LISy OSNID
VA Floating Caged | TL (mm) =35.5408 + (0.955 * L
St. Jerome Creek | Aquaculture shell DW (g)) 0.8 Higgins et al. 2011
MD
Upper Subtidal reefs
Chesapeake Bay,| Natural and DW=000003i SH>% 0.7 Liddel 2008
MD Restored
West River, MD | Floating Tray | WW=0.000068 SH24® 0.9 fgggter & DiMichele
Triploid | Chincoteague Bay —°2ind AFDW=0.00008SH3952 0.g | ROss & Luckenbach

unpubl. data
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The Panel sent out ragpsts to various researchers for oyster datighin Chesapeake Bay and its tributaries

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

sizes, ploidye.g., diploid, triploid)culture methodge.g., offbottom oyster aquaculture with gear, emottom
aguaculture with no geayiliploid oyster culture type (e.g., wild, hatchgpyoduced),season(e.g., spring,

summer, fall, winter)and locationgtotal of 22 general locations; Figure &hith different environmental
conditons.C2 NJ Ay Of dza A2y Ay GKS tI yStQa O2Y LightSnrediwd G+ aSii:
guality and suitability based upon study location, data collection methods, data quality, and data age. After
closely examinig data from unpublished studies and studies older than five years to dataréoemt, peer
reviewed dataets, the Panel concluded that the data warranted inclusion because there was no indication
that these data were outliersiFrom theiranalysisthe Pael observed two very distinshell height to tissue

dry weight regressioourves when comparing the diploid and triploid dstts and agreethat ploidy was
likelydriving differences in biomass and that these datasets would be sufficient to develoasepa
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 desieriBedtion 7.1.1.and

the methodused consideraions, and recommended equatioase described in Section 7.1.1.2.

7.1.1.1Description oData used to derive the Oyster Shell Height to Tissue Dry Weight Regression Equations for
Diploid and Triploid Oysters

The Panel ultimately included data on aatioof 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 standarddagettere 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, maxium = 139 mm, 5.47 inches), and included measurements from a variety of culture
methods(caged andloating offbottom aquaculture an@n-bottom aquaculture with no gedrom various

reef siteg, culture type (wild and hatchergroduced) seasongspring,summer, fall, and winter)and habitat
locations with the exception thathe triploid datasethad ore representative culture methodff-bottom in

cages near the bottojnand culture type (i.e., hatcheqyroduced)(Figure 7b, Table 7b, and Table.7c)
AppendixDincludesa 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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Hgure 7h General locations where oystersthe compiled diploid and triploid datasetgere grown grouped
by their approximate location in thehesapeake Bay based on the BBPRegiongU.S. EPA 20p4nd
salinity characteristics based on the U.S. A@oyp. of Engineers salinity gradient maps (mesohalin&8=5
ppt, polyhaline = 180 ppt http://www.nab.usace.army.mil/Missions/Environmental/Oyster
Restoration/OysteiMaster-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;ulture type,location oysters were grown, and year and season remofred)

the different data sources used in the diploid regression analysis to determine the equation to convert shell
height (mm) to soft tissue dry weight (gPercent of total dataset representise percent of the 5,750 oysters

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

hatcheryproduced. Additional literature/data review information on these data sources can be found in

AppendixD.
Season | Percentof
Dat . Year ter
ala Related Culture Method| Location ear Oysters Oysters | Total
Sources Removed
Removed| Dataset
igqi i Choptank River, MD ) 0.16
Higgins Bottom Oyster Planting p ‘ 2008 Spring
unpubl. data | (Reef) Lynnhaven River, VA 0.31
Higgins et al. Off Bottom in Water { LISY OSKNA / NX _ 0.80
2011 Column K 2008 Spring
(Floating cages) St. Jerome Creek, MD 0.66
Fall 2.80
Bottom Oyster Planting : Winter 2.87
(Subtidal estoredreef) Harris Creek, MD 2015 Spring 2.92
Summer 9.83
Kellogg Off Bottom in Water
unpubl. data | Column and Bottom Oyste Spring 1.90
Plnting Combination
(Subtidal restoredeef - Onancock Creek, VA 2012
cagesfirst and then
transferred to bottom with Summer 0.02
no gear)
Kell t al. | Bottom Oyster Planti 2009 Fal 097
ellogg et al. | Bottom Oyster Planting .
2013 (Restored eef) Choptank River, MD Spring 0.65
2010
Summer 191
2004, 2005 Fall 2.50
Great Wicomico River, VA -
2004 Spring 0.57
2005 Summer 3.77
Fall 1.62
Luckenbach _ Lynnhaven River, VA 2005
and Ross Bottom Oyster Planting Summer 2.07
2009 (Part 1 | (Subtidal patch reef) 2004 Fall 0.71
of Report) Piankatank River, VA Spring 0.87
2004, 2005
Summer 1.41
2004 Fall 0.35
Rappahannock River, VA Spring 1.72
2004, 2005
Summer 0.54
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Bottom Oyster Planting
Luckenbach (Restoredand existimgy 2005, 2006 Sori 1494
and Ross | oyster reefs on- _ ’ pring -
2009 (Part 3 bulkheadsjntertidal Lynnhaven River, VA
of Report) patch reefs,_ marsh,
riprap, subtidal bottom 2006 Winter 2.26
(not discrete patches)
1998 Fall 0.17
Cabin Creek, MD 2000 Spring 0.10
1998 Summer 0.26
1998 Fall 0.43
Calvert cliffs, MD 1999 Spring 0.09
1998, 1999 Summer 0.83
2001, 2002, 2004 | Fall 2.37
Chester River, MD 2002 Spring 1.88
2001, 2002, 204 | Summer 2.38
2000, 2002 Fall 3.20
Choptank River, MD 2001, 2002 Winter 1.67
2001, 2002, 2004 | Summer 5.77
2001 Fall 0.49
2002 Winter 0.68
Eastern Bay, MD 2004 Spring 0.21
2001, 2002 Summer 2.09
Paynter Little Choptank River, MO 2004 Summer 0.43
unpubl. :
data found Bottom Oyster Planting 2001, 2002 Fall 1.15
in Liddel | (Restaed reefs) Magothy River, MD 2002 Spring 0.47
2008 2001, 2002 Summer 0.87
. . 2001, 2002 Fall 0.21
Nanticoke River, MD 2002 Summer 0.26
Fall 0.31
Patuxent River, MD 2001 Spring 1.37
2000, 2001, 2002 | Summer 4.59
2001, 2002 Fall 1.39
. 2001 Winter 0.35
Severn River, MD 2002 Spring 017
2001, 2002 Summer 1.51
2001, 2002 Fall 0.43
South River, MD Spring 0.26
2002 Summer 0.24
: 2000, 2001, 2002 | Fall 2.00
Tangier Sound, MD 2001, 2002 Summe 2.14
. 2000 Fall 0.26
Tred Avon River, MD 5001 Summer 030

* Wild oysters
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Table 7c Summary of triploid oyster data (n = 1,066 individual oysters) and corresponding growth influencing
factors (i.e., locationvhere oysters were grown and year asdason 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 thzet. Triploid

oysters were hatcherproduced. Additional literature/data review information on these data sources can be
found inAppendix D

Data Year Ovsters Season Percent of
Related Culture Method Locations y Oysters Total
Sources Removed
Removed Daaset
2006, 2007 Fall 11.16
Patuxent River, MD 2005 \éVin_ter 1??2
pring .
Off Bottom 2006, 2007 Summer 11.26
Kingsley | (€29€s near bottom; 2006, 2007 Fall 14.07
Smith et al exp_erlment was _
2009 " | designed to be SeverrRiver, MD 2005 Winter 5.63
representative of 2006. 2007 Spring 11.26
oysters on the bottom) ’ Summer 9.47
2005, 2006 Fall 9.47
York River, VA Spnng 5.63
2006 Summer 5.35
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7.1.1.2 Recommended Regression Equations to Convert Shell Heighe: @ryigéeight for Diploid and Triploid
Oysters

Given that there was eange of values for dry weight observed across the rangg/steo shell heightgFigures
7c,7d and 7¢, the panelused the quantile regression statistical method (Koenker and Bad&aB)that was

not sensitive to the presence of outlieias theappropriate technique to derive and select conservative
equations that could be used to convert shell height to soft tissue dry weight using the datasefBdiden/b

(for diploid equation)and Table 7dfor 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 represeatias of planes that contain an increasing

proportion of sample observations (Cade and Noon, 2003). When the 0.5 quantile is calculated, this
correponds to the median of the dasat; 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 (Irq) and nonlinear quantile regressions (nirq)
using the R statistical package quantreg (Koenker 2006; Koenker 2016), which was necessary since the
relationship between oyster dry weight drshell length has been shown to be a power function. Overall,
guantile 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 recommersdisingthe 0.5 quantile oyster shell height (mm) to soft tissue dry weight (g)
regression equations to derivdefault nitrogen and phosphoruseduction effectiveness estimate

The 0.5 quantile was calculated for the entirdak®t based on the equation y =Paxsing the nirq function

and starting values far andb based on meansimates of the power function. Analyses indicated that
differences in ploidy resulted in clear differences in the relationship between oystdihstight and oyster

soft tissue dry weight, warranting the use of separate regression equations for diploid and triploid oysters
(Figure 7%

As a result, he Panel recommendat the corresponding 0.5 quantile regression equations be used to
derive separateestimates from diploid and triploid oysters
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Figure7c. Shell height to tissue dry weight 0.5 quantile regression curves for diploid and triploid oysters.
Refer toTables 7b and 7ior data that was used to develop the curves.

Diploid and Triploid Chesapeake Bay Oyster Data

(=]
1

Tissue Dry Weight (g)

0 50 100 150 200
Shell Height (mm)

Diploid 0.5 Quantile Curve, y = 0.0004x1-82
=== = wms= Triploid 0.5 Quantile Curve, y = 0.00005x%3°

The followngisthet Yy St Qa NBO2YYSYRSR n®p | dzl dyStard FRur?@ I NB a & A 2

y = 0.0004%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 (qhiantile regression equation for triploid oysteidure 7¢:

y = 0.000053¢°

where x equals the oyster shell height in millimeters and y equals the soft tissue dry weight in grams.
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Figue7d ¢ KS t I ySt Qa NI O2 Y Y S diRl@doystbristt hgigheiry milinter©i@ayarie NJi
to tissue dry weight in grams-@ariable) based on the 0.5 quantile regression curve (Y;ax 5,750
oysters).Table 7bsummarizeghis data by data source, culture method, location, and date and seasiarsy
were removed/harvested from Chesapeake Bay and its tributaries. The solid red line depicté thebile

and the dashed red lines represents the error termandb.

Diploid Chesapeake Bay Oyster Data
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Figure7e. ¢ KS t I ySf Q&4 NB O2 Y Y S yrirlfdoysetjstel ieigh iff milfingeterd-@aylaBlé) NIi
to tissue dry weight in grams-ariable) based on the 0.5 quantile regression curve (Y;nax 1066 oysters).
Table 7summarizeghis data by data source, culture method, location, and date seabkon oysters were
removed/harvested from Chesapeake Bay and its tributaries. The solid red line depict$ tngaBfile and

the dashed red lines represents the error terenandb.
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