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Executive Summary

Eastern oystergJrassostrea virginicahereafter oysters) are bivalves found in estuarine and
coastal waters from the Gulf of St. Lawrence in Canada, down the western Atlantic coastline
through the Gulf oMexico into the Caribbean and down to the Brazilian coastline (Gunter 1951
Buroker 1983). They are common in sounds, bays, tidal creeks and bayous from depths ranging
from intertidal to 30 m (Galtsoff, 1964). ®e have referred to oystersexsystem engeers

because atheecosystem servicekey providge.g., Gutiérrez et al., 2003; Grabowski and
Peterson, 2007).

Because oysters are commercially harvested within the Pontchartrain Basin, and are of ecologic,
commercial and cultural significandége L&ke Pontchartrain Basin Foundation (LPBF) mapped
oyster alinity suitability in thebasin LPBF used two techniques derived from approaches taken
by Mark Chatryand otherg1983) and by Thomas Soniat (2012). Chaing otherg1983)

identified an ideal salinity regime for each month based upon empirical data collected from
public seed ground within the Breton Sound Bashe model used by Soniat (2012)
encompasses four parameters that characterize optima for salinity atmdteuizssed on

theoretical values found in literature and a field validafidrese two approaches are referred to
asChatry Optimal Oyster Salinity (COOS) Regime and Soniat Optimal Oyster Salinity (SOOS)
Regime and were applied to surface water salinfigrmation from LPBF Hydrocoast Maps of

the Pontchartrain &into identify the areas with the most optimal oyster salinities for each year
from 2013 through 20XSaveourlake.org/coasthiydromap.php)

Hydrocoast Maps and a written report are produceedily, and can be found at
SaveOurLake.orgrhese maps are popular with local fishers who use them fetimeafishing

efforts and with coastal scientists who use them for understanding the shifting baseline
condifons of the estuary. The Hydrocoast Maps characterize estuarine conditions in the basin
and include a salinity, habitat, weather, water qualitg biologicaimap. For this study,

biweekly salinitysurfaces based asohalinesvereused for both the COOS and SOOS

approaches to estimate the annual oyster suitability for 2013, 2014 and 2015 in the Pontchartrain
Basin.

Overall, there was good agreement betweemegbigltingmost suitable categories for the SOOS
and COOS methodologiesith the majority of the COOS most suitable areasoaurring near
or within the SOOS most suitable areas. Where there geergraphiaiscrepancies, the SOOS
approach suggested ideal oyster conditextendedower in the estuary (i.e., toward the Goff
Mexico) than the COOS methobhese discrepancies atae to differences in the
methodologiesChatryet al.(1983) ideal salinities were basedlong-term data sets of oyster
production and salinityMonthly salinities of yars with greatest oystergaluctionwere used to

definean optimumannual salinity profleSoni at 6 s ( 2 01 2the requirelhentthat s b a s
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the reefs beelf-sustainingand thusncorporates the demands of a higher salinity for optimal
reproductiorandfor long-term survival.

Some observed spatial differences among years should be expected as average salinities within
estuaries vary across yedResulting maps indicadean upestuary (i.e., more intal) shift in

most suitablereadrom 2013to 2015for both methodologie&alinity in the Pontchartrain

Basin estuary depends on area rainfall, river discharges, freshwater diversion operation, and
storms. There were no large freshwater diversion openings (e.g., Bonnet Carré Spillway) and no
large tropicaktorms in this areduring our study periadl'herefore, a closer inspection of area
rainfall and river discharges may be warranted to see if they are associated with the observed up
estuary shift.

Our findings also indicated more suitable oyster salinitiin the Biloxi Marsh than Breton
Sound, with the SOOS methodology indicating more than four tyresder areaf the highest
classificationin Biloxi MarshthanBreton Sound. These findings corroborate other studies that
indicated betterecentoyster resources and harvests in Biloxi Marsh than Breton Sound. For
instance, in 2014, approximately 15 times more sgsters andeven times more sack oysters
were harvested in the management area including Biloxi Marsh than Breton (EDVKE

2014) In contrast,fom 1992 through 2001, the management area that includes Breton Sound
had much higher harvesting ratep to three orders of magnitude for some between year
comparisonsjhan 20112014.

Several factors other than salinity influence oystgubations, and individual growth and

mortality. Other studies on oyster habitat suitability from this area typically inalude

measuremerdf bottomcharacter (Soniat et al. 2012, Swannick et al. 20149 r@sults

presented hemmay not indicate areashere oysters occur, because of the exclusion of a bottom
character parameter. Bence of hard bottom (cultis necessary for oyster larvae settlement

and growth, and quality of hard bottom, such as vertical relief, may also be important (Galtsoff
1964Schulte et al. 2009). That said, fAgoodo are
asgood oyster salinity habitat and therefareere oystersnay occurmgiven suitable substrate
Additionally, restoration and management (e.g., cultch plantgyities could be planned

using these resultslypoxia, or low bottom dissolved oxygen levels, within the Pontchartrain

Basin has been suggested as having a negative impact on oyster resources in the Pontchartrain
Basin estuaries (LDWF 2011). Therefohgpoxia should be considered when classifying oyster
habitat suitability. Theeriodicoccurrence of hypoxia in Chandeleur, Breton, and Mississippi
Sounds may limit the extent of oyster productiitppez et al. 2010, Henkel et al. 2012,

Moshogianis eal. 2012, Moshogianis et al. 2018).addition to low bottom dissolved oxygen,
hypoxic waters are also typically vertically stratified. This indicates that surface salimities

some areagre different than bottom saliniti€Surface salinities were used for all of the

analyses, when bottom salinities would have been better to characterize oyster habitat. Therefore,
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complete vertical mixing was an assumption in this study that may not hold true uniformly
across theanddimeudy ds area

L o ui s Canprehénsive Master Plan for a Sustainable Coast, authored by the Coastal
Protection and Restoration Authority of Louisianalls for bioengineered oyster reefs in the
Biloxi Marsh to improve the fishery and to serve as a breakwaginst shoreline erosion

(CPRA 2012). This plan suggested that vertical reefs would be particularly useful against storm
surge in areas where sea level rise and subsidence prevehtlihidg as a tenable strategy.
Creation of over 52 km of oyster fde serve as a barrier to wave and surge action was included
in the plan (CPRA 2012)n Louisiana, over 400,000 ha of coastal land have been lost since
1932 (Couvillion 2011)Due to the largescale coastal land loss across the entire coast of
Louisianathe state has proposed sediment diversions by creating artificial outlets from the
Mississippi River (CPRA 2012). These diversiovsuld deliver much needed sediment, but
would freshen andchaypromote stratification and hypoxia frarts of the Pontchartrain Basin
estuary and in turn affect the oyster fishdryese results may provide baseline oyster salinity
conditions before large planned Mississippi River sediment diversions within the study area
come online (CPRA 2012). This algsepresents a new application of Hydrocoast salinity data
produced by LPBF since 2012.
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Introduction

Two techniques are utilized to map oyster habitat suitability ifPtrchartrain Basin within
coastal Louisiana. The Lake Pontchartrain Basin Foundéti®BF) considered approaches
taken by Chatret al.(1983) and Soniat (2012), who modeled ideal salinity conditions for
oystes. The two approaches differ in that one is derived from historical spatfall and seed
production observations three Louisianayster seed ground€hatryet al.1983) whereas the
other is based on theoretically ideal conditions forsedtaiing reefs (Soniat 2012). These two
approaches were applied to surface water salinity information from LPBF Hydrocoast maps
(http://saveourlake.org/coastaydromap.phpto identify areas best suited to oyster production
and habitat.

Life History Traits

The eastern oyste€(assostrea virginicahereafter oyster) is a\@lve found in estuarine and

coastal waters from the Gulf of St. Lawrence in Canada down the western Atlantic coastline
through the Gulf of Mexico into the Caribbean and south to the Brazilian coastline (Gunter 1951,
Buroker 1983). They are common in sognays, tidal creeks and bayous from depths ranging
from intertidal to 30 m (Galtsoff 1964). Some
because of the ecosystem servites providegle.g., Gutiérrez et al. 2003, Grabowski and

Peterson 2007Adults are sessile and adhere to hard substrate forming large conglomerates that
function as reefs, providing important habitat for many aquatic species (Zimmerman et al. 1989).
They feed by drawing water across their gills which can remove pollutanéssexatrients, and
reduce turbidity in the water column (Newell et al. 2005).

Oysters have at leafstur different life stageg¢Galtsoff 1964)

1 Fertilized egg (Zygote)
o Short lived
1 Larvae
o Planktonic, free swimming, about 2 weeks
0 Stage where oystedistribute across estuaries
o Pediveliger is oldest stage where they can crawl and attach
1 Juvenile oyster
0 Has shell, is attached to hard substrate, and filter feeds
0 Not sexually mature, but other than this functions similarly to adults
o May only be a fewnonths
0 Sometimes referred to asomMmspaeedqg <( 2
7.62 cm)
1 Adult
o0 Same aguvenile but is sexually mature
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o Can reach sexual maturity in lebsuh 6 months for some populations
0 Sometimes referred tokas(hAseéeed@dd ¢m) 7

Oystersn Louisianatypically spawn whenwvater temperaturdacrease t@5° C, andn waters
with extended periods abov&°2C they have been observed to spawn multiple tirBesiét,
personal corresponden@d16) Using &° C as an indicator, the spawning season caridast
months in Louisiana (waterdata.usgs.g@&@ektled oysters are commonly divided into three size
groups. Spat are recently settled juvenidgspproximately 2.54 cm shell length they are
referred to aseed oysters, arat 7.62 cm shell lengtthey are referred to as sack oystevkich

is market size in LouisiandaDWF 2011).

Oyster growth and populations are regulated by ba#tnaland exérnalfactors. Previous

studies often relatihesefactors b abiotic water conditions (Galtsoff 1964). They have a broad
tolerance of environmental conditions dral/e been observaad waters ranging from brackish

(5 ppt) to full seawater (35 ppand in watetemperatures from 2° C to 36° G4lstoff 1964).

Theycan close their shell, decrease their metabolism and enter periods of dormancy that can last
several months when conditions are poor (Andrews 1966). A group of carnivorous gastropods,
commonly referred to as 0oys tadousimdpadtdnioystéer, pr ob
populations (Galtsoff 1964Dyster drills can caugdggh oyster mortalitieswith mortalities

above 90%or small, recently settledften reportedGosselin and Qian 1997yster drillscan

be a number of different species (e.g., Galstoff 1964 mentions 10), of &tnazhonita
haemastomanay be of greatest concern to oysters in Louisiana (Garton and Stickle 1980).
Typically S. haemastomdo not occur in waters with salinity below 15 pgmd higher oyster

predation rates have been associated with higher salinities, up to (8&apiein and Stickle
1980).Furthermore, their predation rates on oysters are also influenced by temperature and
interactions between temperature and salinity (Gaatad Stickle 1980PRerkinsus marinus

often called Dermo, is protozoaroyster pathogewhose infestations in oysters increase
watertemperature increases until approximately 30° C (Chu and Greene R989rinuss

probably the primary oyster patyen that can cause oyster deatkister temperatures can

decreas®. marinusinfection rates in oysters, but in some areas, such as Louisiana, winters may
not always get cold enough fBr marinusto die back (Chu and La Peyre 1993).

Oyster Fishery inLouisiana

The oyster fishery in Louisiana is an important fishery locally and nationallyNeitive

Americanroots that precede European settlement. Historically, oysters were harvested on wild
reefs and used | ocally. maiymvlyes culbivatiorsandtiea 6 s oy
utilization of different habitats for different life stages and sizes. Starting in the-5840s

private oyster beds were set aside for cultivation (Deseran and Riden 2000). Typically, oyster

larvae, oyster cultch, jumde, and/or adult oysters are transplanted from public reefs to private

water bottoms. After this, oysters grow and are harvested from leased water bottoms. The fishery
represents the t a aldesh largest commercial fishery until 1925 (Deseran and Ride). In
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2014, the Louisiana oyster fishery rankdtibterms of landings weight with 867,013 kg

(behind Gulf Menhaden, white shrimp, brown shrimp, and blue crabs)"sincddck value at

$67,481,540 (behind white shrimp, brown shrimp, and Gulf Mdah; st.nmfs.noaa.gov). From

1982 to 2014 Louisianads oyster fishery produ
29 of 33 yearsst nmfs.noaa.gov). Two of the lower production years were 2005 and 2006, when
Hurricaneds Kat tedcoastal bonislansRand anothdr evas 2&1@, the year of the
Deepwater Horizon Oil Spill.

Oyster Reefs for Coastal Protection

In addition to providing habitat for many aquatic organisms and an important commercial
fishery, oysters can increase coastal mtote. For instance, oyster reefs can stabilize shorelines
(Piazza et al. 2005), attenuate and dampen waves (Meyer et al. 1997), transfer sediment and
particulate organic material from the water column to the benthos (Coen et al. 2007), and
improve water gality (Coen et al. 2007). As such, oyster reef construction has been included in
many coastal protection plans (e.g., LPBF 2006, Borsje et al. 2011, CPRA 2012). However,
careful consideration when planning to use oysters in coastal restoration is wiaQysters

will not thrive in all coastal environments (Galtsoff 1964), are not effective for all projects
(Pomeroy et al. 2006, Coen et al. 2007, Borsje et al. 2011), and reef size can be limited by
resource availability and habitat (Borsje et al. 20Lbgation, purpose, and scale along with
clear goals and long term evaluations are all important factors when using oysters for coastal
protection (Borsje et al. 2011, La Peyre et al. 203#)dies such as thisng examining oyster
habitats may be usetb better plan for future restoration efforts involving oyster reefs.

Oysters inL o u i s iCampmreliessive Master Plan for a Sustainable Coast

In Louisianamore thar00,000hectare®of coastal land have been lost sirk@32 (Couvillion
2011).Planningand implementing risk driction and coastal restoratibave been ancontinue

to be important (Peyronnin et al. 2013). In 2007, the first LouiSi®amprehensive Master

Plan for a Sustainable Coast, authored by the Coastal Protection and RestorutoityAaft
Louisiana (CPRA), was produced, wahupdate in 2012, hereafter referred to as CMP (CPRA
2007 and 2012)hesedocuments provide a comprehenssegencebased plan for restoration

of coastal Louisiana. Oysters are mentioned in both docunmet® idifferent ways. The first
mentions using a Habitat Suitability Index (HSI) to understand oyster habitat inflaareng
scenarios, the secoudlls forengineering and establishing new oyster reefs (CPRA 2012, Soniat
et al. 2013). Specificallyjg0 km of oyster reef construction is planned for three locatairescost

of $100,000,000Table 1; CPRA 2012, amendment A2). The goals of these projects are to
improve oyster propagation and decrease wave attenuation and models suggest collectively they
couldincreasdand area by as much as 800 hecthge2050 (CPRA 2012, amendment A2).
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Table 1. Location, size, and total cost over a 5§¢ear period (includes construction and maintenance) of the
three planned reefs from the 2012 CMP.

Location Reef Size (km) Total cost
East Cote Blanche Bay 9.14 $21,826,000
West Cote BlanchBay 8.53 $20,322,000
Biloxi Marsh 34.44 $83,732,000
Total 52.12 $125,880,00C

Estimating Oyster Habitat Suitability

Identifying the optimal conditions for oyster propagation, growth and harvesting is a key factor

in delineating areas best suited dyster reef restoration and production. Determining optimal

habitat conditions for oysters has been a goal of scientists and resource managers dating back to
the 1800s, with a comprehensive report publis
(USFWS) Fidery Bureau in 1964 (Galstoff 1964)he USFWS authored a series of HSIs for

many different species in the 1980s, with a goal of determining hypothetical quantitative models

of specieshabitat relationships. An oyster HSI was created by the USFWS cowenrite

stages, |l arvae and adult (Cake 1983). A field
modification of some variables should be considered (Soniat and Brody 1988). For determining
restoration targets at larger spatial scales, a four panametiel using three salinity parameters

was found to be useful for both data rich and data poor estuaries (Swannick et al. 2014),

suggesting salinity may be the most influential parameter.

In a study completed in 1983 for the Louisiana Department of Méildhd Fisheries (LDWF),

Chatryet al.(1983) used historical oyster seed production data to examine the relationship
between salinities and seed oyster production in three sites in southeast Louisiana. This research
resulted in the establishmentafoptimal salinity regimdor 12 calendar monthssing salinities
observed prior to good seed production yesatinity in the setting year, particularly in the

summer, was found to be a prime determinant of seed production in the ensuing year.

A more reent method for evaluating conditions ideal for oyster habitat was develguhiat

and is availablenline athttp://oystersentinel.or(Soniat, n.d., Soniat and Brody 1988, Soniat
2012). This HSI modifies theavk of Cake (1983) and encompasses four parameters that
characterize optima for salinity and substrate based on theoretical values found in literature and
field validation (Soniat and Brody 1988). These two methods were applied to Hydraotest s
watersalinities to determine areas most aligned with optimal salinities.

Materials and Methods

Study Area Description

The Pontchartrain Basin is a@stuaryin southeast Louisiana characterized by tidal water with
higher salinities interacting with freshwaterarine discharge and contains fresh, intermediate,
brackish and saline environments. Sampled and gauged salinity measures show this area has
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salinities ranging from near 0 ppt on the far western side of the basin, to 37 ppt and higher near

the most seawatobundary. For purposes of oyster propagation and growth, salinity is important

and duration of certain salinity regimes can be critical (Galstoff 1964, Cake 1983, Soniat and

Brody 1988). Salinity within the basin is influencedrbginy factors, includingdes, wind, river

stage, precipitation, and channelization. The study area for the suitability analyses is comprised
primarily of the basinbés water and wetl and ar
the 20132015 calendar year&igure 1).

Oyster Salinity Study Area

2013 USGS-NWRC
Vegetation Type

B swamp
- Fresh Marsh

Intermediate Marsh
Brackish Marsh

- Saline Marsh

Other

E Study Area Boundary

Source: Sasser et al. 2014
0 5 10 20 Miles
T

Arkansas

Mississippi

Louisiana

Gulf of Mexico

Figure 1. USGS Landsat imagery of the Hydrocoast salinity study area is shown with USGS 2013 vegetation
type (Sasser et al. 2014)

Hydrocoast Salinity

LPBF produces a biweekly set of maps characterizing conditions in the basin, including surface
water salinity. These five maps are called Hydrocoast maggsharset includes salinitijabitat,
weather, water qui&y, and biological map The maps are produced using both primary and
secondary data compiled from fieldwodqndfederal and state agencies. During each Hydrocoast
mapping period, contours representing the surface water salinity gradient in the basin are created
using salinity data from fixed stations and from supplemental data collected by LPBF. Isohalines
are manully delineated using GIS software. Isohaline generation takes into account coastal
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processes, topography, hydrology, rainfall, wind characteristics, tides, currents, and bathymetry
(Lopez 2015).

As part of longterm Hydrocoast data analysis, LPBFeatedr70 continuous raster (gridased)

surfaces of salinity in the basionefor each mapping period. Using GIS software, continuous

raster surfaces were created for Hydrocoast salinity data from Jaii P@&32015. These

surfaces, generated by interpolatbigieekly salinity contours and sampled data in the basin,

were subsequently analyzed using two oyster s
oyster areao map for each approach and each c

Chatry Optimal Oyster Salinity (COOS) Regime

Using spat and seed production observations from-1981, Chatryet al.(1983) identified an

ideal salinity regime for each calendar month
(>20 seed oysters per square meter) seed productionpgrérsation. Chatryet al. (1983)

observed and documented oyster setting, seed and salinity oveyemategyeriod at three

locations in Breton Sound. Optimal monthly salinity valdesumented werapplied to

Hydrocoast data to identify locations most aligwéth ideal valuesTable 2). The monthly
salinity mean and range associ at &idureliForh fAgood
the purposes of this analysis, the mean salinity value was used to identify good oyster salinity

areas in the study area.

Table 2. Opti mal oyster salinity values Ehatryrattah1983, (ppt ), fr
USACE 1984). Standard error varies by month.

Optimum | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Salinity
(pt) | 16:4| 14.4| 116| 80 | 7.0 | 125| 12.7| 15.7| 17.0| 16.8| 16.1| 15.7

Pagel5 of 85



25

20-

&
=
|
1
i
| I |

2 T L
o
& -
JRIIEE
: 10
= 1
: L[]
s = 4
0}
5+ == ® MEAN
l:] STANDARD ERROR
= I RANGE
01— T T T T T T T T T T T
J F M A M J J A S 0 N D
MONTH

Figure 2. Optimal salinity regime associated with high seed production (Chatret al. 1983).

Interpolated Hydrocoast salinity surfaces were averaged for each month. These mean monthly
salintysur f aces were evaluated against Chatryods m
from optimal monthly salinityregardless of positive or negative direction, absolute values of the

di fference between each Hydr ocabsalisityforthatnt hl y av
month were calculated he monthly differences were then summed to give a total yearly

divergence from optimal for each year.

The resulting summed surface represents the t
salinityfrom opti mal oyster conditions based on Chat
referred to as the Chatry Optimal Oyster Salinity (COOS) Regime. Lower values indicate more
suitable areas for oyster production based on this approach. Resulting summezhdesevgere

mapped according to the relative level of divergence from optimal conditions.

Soniat Optimal Oyster Salinity (SOOS) Regime

Thomas Soniatdés HSI offers another approach f
(2012) uses three salipivariablessnd one substrate variable to d
for oyster propagation. The premise of this approach is that the primary parameters of good

oyster habitat are suitable salinity over suitable cultch, defined as hard substraie{Gba).
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Parameters are percent suitable cultch cover, mean annual salinity, mean spawning season
salinity and minimum monthly salinity. Thi
combines larvae and adult salinity requirements into a single comipame does not include
historical oyster stock, disease prevalence or predator density. Thus it is a more simplistic
approach that may lend itself better to limited data availability (Soniat ¥&nnaclet al.

2014). Soniat developed linear curved tiedate salinity values to a dimensionless suitability
index that ranges from 0 (unsuitable) to 1 (ideally suitdbtgre 3). All variables have equal
weight, and the composite HSI index is the geometric mean of all variables. For this analysis, in
the absence of detailed bottom information, we assumed sub$tiateyltch) was 100%

suitable coverage in all areas, and assigned it an index value of 1, in effect negating its
contribution to the spatial analysis undertaken here. In addition we assumedstecyriccell

was 0% land. This study focused solely ahrsty to identify good oyster propagation areas
according to the remaining three variables:

n
3

Variable2 (V2) - Salinity during the May September spawning season
Variable 3 (V3)i Minimum monthly salinity
Variable 4 (V4)- Average annual salinitgsurrogate for historic mean salinity)

To apply the HSI to Hydrocoast data, biweekly Hydrocoast salinity data was interpolated for
20132015. Then, using Microsoft Excel (v. 14) and ESRI ArcGIS (v. 10.2) linear relationships
were applied to the salinity gaces to get an index surface with values ranging from 0 to 1 for
each of the three salinity variables. Finally, the geometric mean of those three surfaces was
calculated to get a composite HSI surface for each year.

V2- Mean salinity during spawning seaon

Hydrocoast surface salinity grids were selected for the time periods between May 1 and
September 30 for each year. Values for those grid surfaces were averaged to create one 500
meter gridded surface representing mean spawning season salinity. AéXZurthce was
derived from that surface by applying Soniato
V3 -Minimum monthly mean salinity

Hydrocoast salinity grids were averaged for each month. The twelve mantigge surfaces

were compared within GIS software and the minimuatue for each grid cell was selected to
generate a new, single surface representing the minimum monthly average for that year. Linear
relationships provided by Soniat were applied to create a V3 index surface. This was calculated
for each year.

V4- Historic mean salinity

The HSI uses average annual salinity as a surrogate for historic mean. This variable was
calculated for 2012015 Hydrocoast data using GIS software. Again, the HSI equations for V4
were applied to the resulting annual mean surface taleséca 6to-1 index surface for this

variable.
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Figure 3. Oyster HSI variables: V1-Cultch, V2-Mean salinity during spawning season, VaJinimum
salinity, and V4-Historic mean salinity (mean annual salinity; Soniat et al. n.d.and personal
correspondence).

Salinity Suitability Index Composite
Finally, the three index surfaces were combined by calculating the geometric mean to create the
final salinity suitability surface for each year, using the following formula:

SSI = (V2 *V3 * V4)3

Final surfaces for each year were mapped according to their level of suitability for oysters.

Map Classificationsof COOS and SOOS Results

For both COOS and SOOS methods, resulting yearly raster data was classified into five ordinal
classes (b). Class 1 indicates the most suitable salinity and Class 5 indicates the least suitable.
The yearly classified result for each the COOS and SOOS method were averaged over the entire
3-year study period. A single map for each method was generated shbwienerage classified
suitability. On all maps the classes are represented by a gradient of dark green for Class 1 to dark
brown for Class 5t is important to understand that thé tlass scale relates to COOS and

SOOS independently and so are metessarily equatio each othein suitability.
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Comparison betweeBiloxi Marsh and Breton SoundSub-Basins
Results of the COOS and SOOS analysis were extracted fautnmasing the Biloxi Marsh
SubBasin and the Breton Sound SBhsin(

Figure 4). The Biloxi Marsh SuiBasin s approximatelypounded byhe Louisiana/Mississippi

state line to the north, the Breton National Wildlife Refuge to the east, the southwestern extent of

the MRGO to the south, anhdke Borgndo the west. The Breton Sound SBAsh 6 s nor t her n
border isfrom the juncture of the Inmédarbor Navigation CanélLake Borgne Surge Barrier

and the Mississippi River Levee in Caernarvon, LA, altregouthernmost part of the Inner

Harbor Navigation Candl Lake Borgne Surge Barrier to the southwestern terminus of the

Biloxi Marsh SubBasinon the Mississippi River Gulf outlet near Doulutus Canal. 8dstern

border is of this Basin is the MRGO, the southern border is the northern extent of the Louisiana
Department of Health and Hospital 6s &stest er Ha
harvest) and the northwestern edge of the Breton Sound National Wildlife Refuge, and the
westernborderis the eastern edge of the Mississippi River

Biloxi Marsh and Breton Sound Sub-Basins

v

]
:] Breton Sound

0 5 10 20 Miles ’t
Lol

Figure 4. Areal extent of two SubBasins considered for further analysisThe approximate boundaries for the

Biloxi Marsh Sub-Basin are the LouisianaMississippi state line to the north, Breton National Wildlife Refuge

(BNWR) to the east, the Mississippi River Gulf Outlet (MRGO) to the south, and the western extent of the

Biloxi Marsh to the west. The Breton SoundSuiBasi ndés approxi mate boundaries ar
NavigationCanaliLake Borgne Surge Barrierds southern extent to
BNWR and the Louisiana Department of Health andH o s p i Qystdr [dafvest Area 8 (currently closed to

oyster harvest) to the south, and the east bank of the Mississippi River to the west. $@¢ for more details.
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Hypoxia Polygons and Contours

Hypoxia can affect the distribution of benthic estuarine organismiseffer understanithe

spatial extent oits impacts, two different visualizations of hypoxia within our study area were
created. Hypoxia is defined here as water that has less than 2 mg/l of dissolved oxygen, and often
occursnear the bottom of the wateslomn.Since 208, LPBFand other researchers have
periodically monitoredhypoxia within parts of the Pontchartrain Bafiopez et al. 2010,

Henkel et al. 2012, Moshogianis et al. 2012, Moshogianis et al. 2DaBhg LPBF surveys, a
YSI hand held water qualitmeter with a 30m cable was used to measure dissolved oxygen
concentrations at approximateiyo feet above bottom, midepth and 2 feet below the surface.
Two transects were selected which crossed the desgabthrough portins of Mississippi,
Chandeleur, Breton Soundgl¢shogianis et al, 20}30ne transect extentlsrough the Cat
Island Channel in Mississippi Sound to a deep porigar the northerend of Chandeleur
Sound. Another transect exterfdsm eastern Ship Islarsouthward to the eastest centeof
Chandeleur Soundhese locations wemronitored periodically by LPBEcientists

Hypoxic areas identifiefom thesesurveys were examined for recurrence frequency. Polygons
delineating hypoxic areas from all survey years (2808 20162015) were converted to raster

|l ayer s. Each rasterés cell values wtdhate set eq
locationthat year. All rasters were combined into a single raster by summing cell values using
the fArast er ESRIAcMAdp B0t3 dhe desultimgaaster represents the geographic
extent of all areas where hypoxia was observed, with each cell valoating the number of

times it was observed. This count raster was converted to a percent raster using the formula:
years observed / years surveyed * 100. Note that Chandeleur Sound was surveyed over 7 years,
20082015 (no surveys were conducted 920 whereas Breton Sound was surveyed over 3

years, 2012015.Hypoxiaoccurred in both regions. There is a 3366% occurrence rate in

Breton Sound, and 14%600% in Chandeleur SounHigure 5).
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Figure 5. Frequency of hypoxiaoccurrence in Pontchartrain Basin based on surveys by LPBF and other
researchers Frequency contours are depicted on map with State Master Plan projects (Figures-186).
General areaof hypoxia occurrence is shown on remaining overlay maps (Figures -B2).

Other Oyster Suitability Indicatorand Restoration Targets

Proposed USACE Oyster Targets

Analyses for suitable oyster salinity were examined in the context of oyster reef restoration goals
and diversion operationMaps were createshowing analysis redts with two salinity

restoration targets.

Chatry Line . United States Army Corps of Engineers (USACE) ent i fi ed t he ACha
thesalinity target line for MRGO ecosystem restoration in the Biloxi Marsh (USACE 21012).

represents arear locatiormt whi ch meeti ng Ch adftery@ 40%ofghei ma f
time, wasa goal adopted by USACE for several projects, such as the Bonnet Carré Spillway and
MRGO ecosystem restoration (USACE 1984, USACE 2012). Meeting this goal at the Chatry

Line was considered a determinant as to whether the historic salinity regime had been restored
(USACE 2012). As of 2008heBiloxi Marsh hadnot met that threshold (Van den Heuvel

2010).
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USACE Primary Zone. USACE i dent i f-progedt praductivey snaery ZHiovm e & f
restoring habitat to conditions optimal for oyster habitat in the Biloxi Marsh (USACE 1984).
Within this zone, the USACE assumed a production rate of 20 oysters persmtareultch.

Other targets. Other potential targets include the &dine and the Palmisano Line, both
addressed below undex. ASalinity Gradient Poin

Historic Oyster Reefs

Examining current conditions in the context of historic reef locations can be instructive in both
where reef impacts from changing salinities haseuored, and where restoration might focus
(LPBF 2006, USACE 1984). Spatial data depicting early 26ttiuryoyster reef locations were
mapped atop the Chatry and Soniat analysis results. Both 1910 surveyed reefs in St. Bernard
Parish (LBOC 1912) and daftam Mississippi MississippiDepartmen of Marine Resources)
showing historic locations iNississippi Sound were displayed

State Master Plan Projects

Project types and locations from Louisiana's Comprehensive Master Plan for a Sustainable
Coast, inclding oyster reef construction, were overlatdp the 2012015 Chatryand Soniat
analysis resultdHypoxia contours were also incled on these maps and represent areas where
occasional or frequent hypoxia miagveoccured

Salinity Gradient Points

Reference points were selected along the salinity gradient in the Rasiniting values from

each analysis were extracted for the point | o
optimal salinity regimes. Theseere creatd with the Ford and Ralsano lines in order to

spatially compare each method with a single average condition, and to see how those conditions
changed during the three years analyzed.

Ford Line. Annual mean salinity of 15 ppt line established as a general salinity target by

Thedadore B. Ford witH_.DWF (Chatryet al.1983) because that salinity level prohibits

proliferation of the oyster drills. This line is hereafter referred to as the Ford Line and was a

salinity target considered by the USACE for restoration of oyster habiietatical reef

locations (USACE 1984). This study did not recommend continuous maintenancppifil5

the Ford Line, but rather allowing for some salinity variation mimicking historical conditions

occurring with Mississippi River bank overflow (USACE8Y). In fact, rather than a constant

salinity target, the Ford Line represents a reference location at which ideal salinities aligned with
Chatryds regime for oysters shoul ctable83,achi eve
USACE 1984).

Palmisano Line This line is the asternmost boundary line with a maximum salinity of 15 ppt

and wasestablished as another salinity tardgeemay bec onsi der e d-sdlifeearshbr ac ki s
contacto and a starting | ifarpurposesof makskeplanti f yi ng
growth and related wildlife productivity (USACE 1984).
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USACE proposed maintaining 15 ppt at the Palmisano Line Octdarch, and at the Ford
Line April i September (USACE 1984).

Results

The ensuing maps show 2020815 surfae water salinity in the Lake Pontchartrain Basin
categorized according to suitability for oyster production and habitat. Using each model (COOS
and SOOS) and year (202815; and multiyear average 2013), a set of maps was generated
depicting 508metergrids of continuous suitability surfaces. The level of salinity suitability is
classified from Class 1 to Class 5 which corresponds to a range of most suitable salinity (dark
green tone; Class 1) to least suitable (brown tone; Class 5). These grid sudiacespped

showing the geographic extent of the salinity suitability regimes over the time period studied.
Additional relevant data sets were mapped to provide a context for habitat suitability, oyster
management, and reef creation and restoration plgnkiaps are@rganized under these

headings

1. Overall Salinity Suitabilityf shows geographic extent of suitability classes for each

year/model conbination(Table 3, Figure 6)

2. Multi-Year Average Salinity Suitabilitly shows suitability class for each model averaged

over theentire study period, 2013015(Figures 7-8)

3. Biloxi Marsh and Breton SounBulbBasinsi shows salinity suitability extracted for each

subbasinfor each year/model combinati¢Rigure 8-9)

4. Overlay Maps shows yearly model results overlaid with:

a) State MastePlan Projectsi State Master Plan 2012 project type avchtion
(Figures 1116)

b) Salinity Along Transect PoinisPoint locations along salinity gradient extracted
salinity values graphed against model ideal#hwie Ford and Palmisa lines
(Figures 1722)

c) Historic Oyster Reefs Early 20" century reef location@Figures 2328)

d) Target Area$ Restoration targets identfil by USACEN previous studie@~igures
29-34)

Study AreaSalinity Suitability Results
The major observations and trends for this section are summarized below:

SOOS indicated much larger Class 1 areal cove(agéle 3)

SOOS indicated better habitat was more deatuary than COO@-igure 5)
In 2013, all COOS Class 1 regions overlap in part with SOOS Class 1 band

= =A =2 =

In 2014, three of five COOS Class 1 regions overlap in part with SOOS Class 1 band
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1 In 2015, all COOS Class 1 regions overlap in part with SOOS clasgil ban

1 Ingeneral, Class 1 and 2 regions from COOS overlap neastupry border of SOOS
Class 1 and 2 bands

Table 3. Areal calculations for each suitability class, year, and methodology across tlesitire study area
Note: classifications for each methodology (COOS and SOOS) were developed independently and are not

necessarilyequal in suitability .

Chatry Classes; 1=besCOOS) | 2013km? | 2014km? | 2015km?
1 40 65 63
2 2,368 2,306 1,914
3 2,631 2,139 2,200
4| 2156 | 2186 | 2111
5| 12523 | 13021 | 13429

Soniat Classes; 1=be{S009 2013km? | 2014km? | 2015km?
1 3,437 3,678 3,338
2 3,215 3,337 2,607
3 4,209 5,379 4,764
4 2,025 1,321 3,342
5 6,831 6,001 5,666

StudyArea Size (k) 19717 | 19717 | 19717
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Figure 6. Salinity suitability surfaces generated using Hydrocoast surfacevater salinity for each year (2013
2015) andeachmethodology(Chatry et al. 1983, Soniat 2012)See methods section for more information.
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