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Executive Summary 

Background and Objectives 

This project examines ecological effects of the current operational strategy of the 

Bonnet Carré Spillway (BCS), a Mississippi River flood-control structure located about 21 

miles northwest of New Orleans, Louisiana, and managed by the U.S. Army Corps of 

Engineers. The BCS is part of the larger Mississippi River and Tributaries Project, a network 

of levees and control structures designed to minimize flooding from the American plains to 

southern Louisiana. The spillway is opened when river discharge at New Orleans is 

forecasted to exceed 1,250,000 cubic feet per second, diverting significant volumes of 

Mississippi River water into the Mississippi Sound. 

The Mississippi Sound normally maintains salinities of 5–18 parts per thousand, 

fluctuating with seasonal wet and dry periods. While natural salinity deviations can occur 

due to local factors, these are usually brief. Extended BCS openings, however, have 

reduced salinity to zero for over 39 consecutive days across much of the estuary. Past BCS 

openings have been linked to elevated mortality in marine species, including oysters. 

Over the past 14 years, the BCS has been opened seven times, which is more frequent than 

during the previous six decades. After the two BCS openings in 2019, it became clear that 

spillway operations can have severe impacts on ecosystems and fisheries, as harvestable 

oyster reefs in the Mississippi Sound experienced up to 100% mortality based on MDMR 

field surveys during the summer of that year. Mississippi’s on-bottom oyster fishery was 

closed for five years after this event. With increasing rainfall trends at both local and 

national scales, there is an urgent need to explore alternative flood-control strategies and 

management approaches that minimize ecological harm and protect Mississippi’s marine 

resources. 

This is the report on the ecological component of the project “Development of an 

operational alternative to the Bonnet Carré Spillway accounting for ecological tipping 

points in the Mississippi Sound”. The objective of this component is to identify where and 

when environmental stressors (e.g., low salinity) lead to the ecological tipping points 
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whereby (or salinity thresholds when) oyster mortality is significantly increased due to BCS 

releases, and at what discharge these occur.  

Approach 

We analyzed MDMR oyster survey data from 2006 to 2022 to determine what the 

average percent natural mortality is. The tipping point per life stage was determined to be 

one standard deviation away from natural mortality. To create a common metric between 

the field data and the model simulations, we translated the percent mortality observed in 

the field into a percent biomass loss. We developed an Ecopath with Ecosim model to 

simulate biomass changes of settled life stages of oysters—spat (0.33-24 mm), seed (25-

76 mm), and sack oysters (>76 mm)—under 7 different scenarios that are reconstructions 

of past BCS openings plus one scenario without a BCS opening. We compared the biomass 

change in each scenario for each life stage at eight different Mississippi oyster reefs (Figure 

E1) to the ecological tipping point of each life stage. We also developed habitat suitability 

index (HSI) models for oyster larvae, spat, seed and sack. The models determine the 

suitability of the habitat based on salinity and temperature on a scale from 0 (completely 

unsuitable habitat) to 1 (ideal habitat suitability) and were calculated daily based on 

salinity and temperature output from the seven BCS scenarios. These HSI’s informed the 

salinity and temperature response of spat, seed, and sack oysters in the Ecosim 

simulations, and allowed for a deeper dive into the suitability changes at each reef daily in 

response to the BCS opening scenarios. 

We used a hydrodynamic modeling framework to simulate scenarios based on 

“hindcasts” - flow conditions (river flow as well as BCS release) that have occurred in the 

past - to reduce uncertainty about what the environmental conditions are during BCS 

release events. To make the scenarios comparable and focused on the effects of the BCS 

openings, the atmospheric forcings of the same year (2018) were used in each scenario, 

and the BCS opened at the same time in each scenario. These historical openings reflect 

seven scenarios, detailed below and characterized in Table E1, Figure E2. 
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1. Scenario 1: The first scenario recreates the 2011 opening, which spanned 43 

days with a total freshwater discharge volume of 329.6% of Lake Pontchartrain.  

2. Scenario 2: The second scenario recreates the 2018 opening, which spanned 21 

days with a total freshwater discharge volume of 86.6% of Lake Pontchartrain. 

3. Scenario 3: The third scenario recreates the 2019 first opening, which spanned 

43 days with a total freshwater discharge volume of 219.5% of Lake 

Pontchartrain. 

4. Scenario 4: The fourth scenario recreates the 2019 second opening, which 

spanned 79 days with a total freshwater discharge volume of 346.9% of Lake 

Pontchartrain. 

5. Scenario 5: The fifth scenario recreates the combined 2019 openings, which 

spanned 122 days with a total freshwater discharge volume of 566.4% of Lake 

Pontchartrain. 

6. Scenario 6: The sixth scenario recreates the river inflow only from the 

climatology (average conditions based on 2011-2020), without BCS openings. 

7. Scenario 7: The seventh scenario recreates the 2020 opening, which spanned 29 

days with a total freshwater discharge volume of 59.9% of Lake Pontchartrain.  

The resulting salinity and temperature output from running these scenarios with the 

hydrodynamic model was applied to the habitat suitability and ecosystem models, to 

determine suitability and ecological tipping points for oysters within the Mississippi Sound 

and Bight. 
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Figure E1. Locations of Mississippi oyster reefs that are the focus of this study.  

 

Table E1. BCS operations used for hydrodynamic model experiments to inform water temperature and salinity for habitat 
suitability and Ecosim model runs. Scenario 2019A: first 2019 opening; Scenario 2019B: second 2019 opening; Scenario 
2019Full: 2019 with both the first and second openings; Scenario 2019 RO: 2019 with rivers-only forcing and no BCS 
operations. 

Opening 
Scenario 

Opening 
Duration 
(days) 

Opening 
Volume (% 
Lake 
Pontchartrain) 

Avg. 
Discharge 
(m3/s) 

Est. Total 
Discharge 
(km3) 

Volume/Intensity 
Category 

2011 43 329.6 5891 21.9 Extreme 
2018 21 86.6 3035 5.8 Below Average 
2019A 44 219.5 3967 15.1 Above Average 
2019B 79 346.9 3374 23 Extreme 
2019Full 123 566.4 3587 38.1 Extreme 
2020 29 59.9 1536 3.98 Lowest 
2019 RO NA NA NA NA NA 
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Figure E2. Duration (days of operation) and diverted river volume (as percentage of Lake Pontchartrain) of historic BCS 
operations used for the hydrodynamic model scenarios.  

 

Key Findings and Recommendations 
Ecological tipping points for each oyster stanza were calculated as 19.4%, 32.3%, 

and 38% of spat, seed, and sack biomass, respectively, remaining after one year. This 

means that recovery of each of the life stages is severely impaired if over one year the 

biomass of spat, seed oysters and sack oysters is reduced by 80.6%, 67.7% and 62% 

respectively. Environmental conditions leading to these ecological tipping points represent 

unsuitable conditions beyond tolerance thresholds for the oysters.  

Hydrodynamic model results from the various historical BCS releases tested 

indicated that the age-class of settled oysters that was most sensitive to BCS-induced 

environmental stress was newly-settled spat, for all BCS release scenarios and all reef 

locations tested (Figure E3).  
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Figure E3. Ecosim estimates of oyster biomass trends (by age-class) at various reef sites throughout the Mississippi 
Sound in response to the historical BCS release scenarios tested, compared to field reference data. Note the horizonal 
red lines which represent the ecological tipping point for each age-class of settled oyster, calculated as one standard 
deviation below the average field biomass loss for years when mortality occurred.  
 

BCS operations have led to ecological tipping points for eastern oysters in the 

Mississippi Sound. The double opening of the spillway in 2019 severely affected oyster 

biomass, with the modeled double opening scenario leading to the lowest oyster biomass 

values at six of the eight Mississippi oyster reefs included in this study (Biloxi Bay, 

Henderson Point, Pass Christian, Pass Marianne, Shearwater and Telegraph Reef). 

Ecological tipping points occurred for oyster spat during the simulated 2011 BCS opening 

scenario, the simulated 1st 2019 BCS opening scenario, the simulated 2nd 2019 BCS 

opening scenario, and the simulated 2019 BCS double opening scenario at Henderson 

Point and Pass Christian reefs. This includes scenarios where the BCS was open for 43 

days with a total freshwater discharge volume of 329.6% of Lake Pontchartrain (2011), the 

BCS was open for 43 days with a total freshwater discharge volume of 219.5% of Lake 
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Pontchartrain (2019A), the BCS was open for 79 days with a total freshwater discharge 

volume of 346.9% of Lake Pontchartrain (2019B), and the BCS was open for 122 days with a 

total freshwater discharge volume of 566.4% of Lake Pontchartrain (2019Full). While spat 

oysters located at the Pass Marianne and Telegraph Reef locations had seemingly avoided 

reaching their ecological tipping point during the simulated 2011 BCS opening scenario 

and the simulated 1st BCS opening scenario of 2019, the simulated 2nd 2019 opening 

scenario and the simulated 2019 double opening scenario did result in losses past this 

ecological threshold.  

Reefs in the eastern portion of the model domain—Biloxi Bay and Shearwater—were 

less affected by all opening scenarios than reefs in the west, demonstrating proximity 

effects of the BCS opening on oyster mortality. Seed and sack oysters experienced good 

conditions in Biloxi Bay during all BCS openings, indicating that Biloxi Bay is a good oyster 

relay location when a BCS opening appears inevitable. The biomass at Buoy Reef and 

Pelican Reef was less negatively affected by freshwater inflow as compared to Henderson 

Point, Pass Christian, Pass Marianne, and Telegraph Reef as well. However, these reefs are 

only 0.192 and 0.408 km2, respectively, and have not been as historically productive 

compared to the larger, western MS Sound reefs. The extreme reductions in environmental 

quality and oyster biomass experienced at the western reefs during long and voluminous 

discharges through the BCS are impactful, given that the two most historically productive 

and largest reefs in the Mississippi Sound, Pass Christian and Pass Marianne, are western 

reefs. 

The 2018 and 2020 opening scenarios had the least impact on oyster biomass 

across all size classes at all reefs compared to all other BCS openings scenarios, which is 

reflective of the shorter duration and lower freshwater discharge volume for these two 

scenarios. These openings did not cause ecological tipping points for any of the size 

classes at any of the reefs, only resulted in poor conditions for spat at two reefs 

(Henderson Point and Pass Christian), and resulted in fair to good conditions at all other 

reefs for all life stages. Thus, it is indeed possible that conservative spillway operations can 

result in acceptable – even beneficial – effects on oysters in the Mississippi Sound. While 
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this study demonstrates that ecological tipping points are specific to size classes of 

oysters and locations of the reefs, the developed models allow us to determine ahead of 

time which reefs are most likely to be affected, and to what extent, when a BCS opening is 

proposed in future years. The shortest opening duration when tipping points for spat 

occurred in our scenarios was 43 days, and the smallest discharge volume when tipping 

points for spat occurred was 219.5% of Lake Pontchartrain. Using the information from the 

scenarios we have run in this study, a BCS opening duration up to 29 days (2020) with a 

total freshwater discharge volume up to 86.6% of Lake Pontchartrain (2018) would allow for 

oyster biomass losses to remain above their ecological tipping points for all life stages at all 

reefs included in our study. 
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Introduction 

Background 
Eastern oyster, Crassostrea virginica, have long been a preferred target for 

management and restoration efforts in coastal waters, particularly for the wide-ranging 

economic and ecological benefits they provide. For example, commercial oyster landings 

within U.S. Gulf waters have generated an average of $85M revenue per year over the last 

decade, representing more than 50% of all U.S. oyster value from 2011-2020 (NOAA Office 

of Science and Technology, 2023). Beyond their economic significance, oysters also 

provide a host of valuable ecosystem services, such as their capacity to: enhance 

shoreline protection and mitigate coastal erosion in low-energy environments (La Peyre et 

al., 2017; Morris et al., 2021; Piazza et al., 2005), accelerate carbon sequestration (Fodrie 

et al., 2017; Veenstra et al., 2021), improve water quality via nutrient removal (Ayvazian et 

al., 2021; Humphries et al., 2016; Kellogg et al., 2013; Parker & Bricker, 2020), enhance 

water clarity via clearance of suspended particulate matter (Coen et al., 2007; Kreeger et 

al., 2018; Turner, 2021), and provide critical habitat to other economically- and 

ecologically-important species (Coen et al., 2007; Gilby et al., 2018; Mann, 2001). 

The eastern oyster plays a defining role in the economic and ecological function of 

Mississippi coastal waters and is a critical focus of MS state restoration efforts. The need 

for dramatically more effective restoration strategies has become especially acute in 

recent years, as the Mississippi oyster fishery suffered a precipitous three-fold decrease in 

year-to-year commercial landings from 2017 to 2018, and then dwindling to zero by 2019, 

where it remains to-date (NOAA Office of Science and Technology, 2023). While the 

decimation of the Mississippi oyster fishery has largely been attributed to the ecological 

impacts from Hurricane Katrina in 2005 (Buck, 2005; Mackenzie Jr., 2006; Sheikh, 2005; 

Supan & Voisin, 2006) and the Deepwater Horizon oil spill in 2010 (Baker et al., 2017; 

Blancher II et al., 2017; Grabowski et al., 2017; Vignier et al., 2018), prolonged exposure to 

excessive river effluent has also served as a dominant threat to oyster recovery and 

restoration in northern Gulf waters (Gledhill et al., 2020; La Peyre et al., 2013; Posadas, 
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2020; Soniat et al., 2013). In fact, freshwater flooding impacts to the shrimp and oyster 

fisheries within MS state waters have led to two federal disaster declarations in 2011 and 

again in 2019, with another declaration in 2020 pending decision (NOAA Office of 

Sustainable Fisheries, 2023). 

Bonnet Carré Spillway History and Environmental Effects 
The Bonnet Carré Spillway (BCS) was constructed in 1931 in response to the 

catastrophic Mississippi River flood of 1927 and remains the largest freshwater diversion 

influencing the Mississippi Sound and Bight (United States Army Corps of Engineers, 2021). 

Located approximately 52 km upstream of New Orleans, the BCS consists of 350 

floodgates that can divert up to 7,079 m³ s⁻¹ (250,000 cfs) of Mississippi River water into 

Lake Pontchartrain, which then flows into Lake Borgne and ultimately into the northern Gulf 

via the Mississippi Sound and Chandeleur Sound. The U.S. Army Corps of Engineers is 

mandated to open the spillway when Mississippi River discharge at New Orleans exceeds 

35,396 m³ s⁻¹ (1.25 million cfs) (United States Army Corps of Engineers, 2021). Since its 

construction, the BCS has been opened 15 times, averaging one opening every six years, 

but the frequency has increased markedly in recent decades. Five openings occurred 

between 2016 and 2020 alone, including the first-ever three consecutive annual openings 

from 2018–2020 as well as the first instance of dual openings within a single calendar year 

in 2019 (Parra et al., 2020).  

Although designed as a flood-control structure to protect New Orleans, the BCS has 

far-reaching ecological effects when operated. High-volume releases of freshwater alter 

circulation, stratification, and water quality in Lake Pontchartrain and the Mississippi 

Sound, often reducing salinities to near zero for extended periods (Parra et al., 2020; 

Wiggert et al., 2022). These changes are accompanied by the delivery of nutrient-rich water 

that can intensify eutrophication, promote harmful algal blooms (Soto Ramos et al., 2023), 

and exacerbate hypoxia (Wiggert et al., 2022). The 2019 openings, which lasted a combined 

123 days and discharged an estimated 38.1 km³ of water, caused massive oyster mortality 

(approaching 100% at most harvest reefs), harmful algal blooms, beach closures, and 
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hypoxia that forced mobile fauna to flee and subjected benthic species such as oysters to 

lethal physiological stress (Gledhill et al., 2020; Hendon et al., 2019). 

As described above, BCS operations affect more than just salinity and temperature; 

they also alter nutrient loads, sediment delivery, turbidity, and pathogen dynamics, all of 

which can further impact oyster populations through mechanisms such as food dilution, 

burial, and reduced clearance and respiration rates (Davis & Hidu, 1969; Lenihan, 1999; 

Loosanoff, 1962; Loosanoff & Tommers, 1948; Park & Clough, 2018; Poirier et al., 2021). 

However, the modeling work presented here focuses exclusively on the effects of BCS-

driven temperature and salinity changes on oyster habitat suitability and biomass changes. 

As such, our results should be viewed as representing the minimum expected ecological 

impact of spillway operations, with future modeling efforts needed to fully incorporate the 

impacts of nutrient loadings, hypoxia, and sediment-related stressors for a more complete 

understanding of BCS effects. 

Primary Objective and Goals 
This project will provide the Mississippi Sound Coalition with the scientific 

information needed to determine how much freshwater diverted through the BCS is too 

much for eastern oyster (Crassostrea virginica) at several historically and currently 

important oyster reefs in the Mississippi Sound. The core objective is to develop model-

based guidance on the critical salinity threshold and BCS operation and duration that lead 

to environmental conditions where oyster mortality is significantly increased to such an 

extent that recovery is severely impaired. The ultimate goal of this project is to provide the 

best available scientific information needed to accurately address public concerns 

regarding the potential effects of BCS flood diversions on the shellfisheries within the 

jurisdictional waters of Mississippi. The report presented herein provides model-based 

guidance on the impacts that various historical BCS flood diversion scenarios have had on 

habitat suitability and biomass of oysters in Mississippi’s jurisdictional waters.  
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Study Area 
Located in the northern Gulf, the Mississippi Sound (Figure 1) is a shallow (~3 m), 

predominantly well-mixed estuarine basin with microtidal range (~0.6 m) (C. K. Eleuterius, 

1978), extending from Grand Island, Louisiana to Dauphin Island, Alabama, spanning the 

entire Gulf coast of the state of Mississippi (U.S. Fish and Wildlife Service (USFWS), 1982). 

Water exchange with the Gulf is restricted by five major barrier islands (Cat, Ship, Horn, 

Petit Bois, and Dauphin Islands), with natural freshwater fluxes largely dominated by the 

Pascagoula River in the eastern Sound and the Pearl River in the western Sound (C. K. 

Eleuterius, 1978), although the Mobile and Tensaw rivers can contribute fresh water to the 

eastern Sound as well (Cambazoglu et al., 2017). When the Mississippi River reaches flood 

stage upstream of New Orleans, the Bonnet Carré Spillway is used to divert flood waters 

into Lake Pontchartrain, resulting in episodic (but quite significant) freshwater fluxes which 

ultimately flow into the western MS Sound (Cambazoglu et al., 2017; Greer et al., 2018). 

As an obligate estuarine organism, the eastern oyster is found throughout the entire 

Mississippi Sound, and in the neighboring coastal waters of Breton and Chandeleur 

Sounds of Louisiana and within Mobile Bay, Alabama (Figure 1). While it has been noted 

that oyster physiology and ecology are governed almost entirely by temperature, salinity, 

and food availability (La Peyre et al., 2021), the greatest density of oysters within the 

Mississippi Sound are relegated to those areas which are also host to substrate of suitable 

firmness to support the weight of accreting oyster reefs. In Mississippi waters, the most 

productive oyster reefs have historically been restricted to the western Mississippi Sound, 

south of Bay St. Louis and nestled between Cat Island, MS and Grand Island, LA. 
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Figure 1. Map of the general study area and model domain (adapted from NOAA Office of Science and Technology, 2011). 
Current locations of known reef and/or on-bottom lease areas for the eastern oyster (Crassostrea virginica) are indicated 
in orange (Louisiana), purple (Mississippi), or fuchsia (Alabama). 
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Methods 

Model Data and Integration 
 A coupled modeling framework was used to determine the effects of BCS 

operations on oyster biomass across Mississippi Sound reefs. As part of this coupled 

approach, a hydrodynamic model for the Mississippi Sound was run, from which the 

salinity and temperature data were used to inform oyster habitat suitability and to drive the 

temperature and salinity dynamics within the Ecosim model. The data sources and their 

resolution for each model forcing parameter are provided in Table 1, and each model 

component is subsequently described in the following sections. Briefly, daily bottom water 

salinity and bottom water temperature data at all reefs within the study were exported from 

the msbCOAWST model and integrated into HSI calculations. The monthly average HSI 

along with monthly bottom water temperature and monthly bottom water salinity at each 

reef from the msbCOAWST model were used to inform oyster habitat suitability and the 

environmental suitability for each Ecosim model group for each scenario. 

Hydrodynamic Model Framework 
In order to resolve the spatio-temporal variability of temperature and salinity which 

were used to define oyster habitat suitability, Wiggert et al. (2022) implemented changes to 

their application of the Coupled Ocean-Atmosphere-Wave-Sediment Transport (COAWST) 

modeling system (Warner et al., 2010), with the Regional Ocean Modeling System (ROMS; 

Haidvogel et al., 2008; Shchepetkin & McWilliams, 2005) at its core, to refine their regional 

circulation model specifically calibrated for application within the Mississippi Sound and 

Bight (Greer et al. 2018) and ultimately in response to the needs of this project (Wiggert et 

al., 2022; Figure 2). The Mississippi Sound and Bight regional application of the COAWST 

(msbCOAWST) model domain encompasses the Mississippi Sound and Bight southward to 

the continental shelf break, westward to Lake Maurepas, LA and eastward to Perdido Bay, 

FL at 400 m horizontal resolution (580 x 370 horizontal grid points) and 24 vertical layers 

(Cambazoglu et al., 2024; Wiggert et al., 2022), with finer vertical resolution in the 

top/bottom layers to better resolve boundary layer processes (Cambazoglu et al., 2020). 
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Table 1. Model data source information for forcing parameters and ecological variables applied in performing the simulations. 

 

 

Model type Model Forcing Source Spatial 
Resolution 

Temporal 
Resolution 

Reference and Web Link (if 
available) 

Hydrodynamic River forcing USGS Stream Gage Data Point data Daily 
averages 

U.S. Geological Survey (2021) 
http://waterdata.usgs.gov/nwis 

Hydrodynamic River 
temperature 

Group for High Resolution Sea Surface 
Temperature (GHRSST) 

6 km 
0.05˚ 

Daily 
averages 

Govekar et al. (2022) 

Hydrodynamic Atmospheric 
forcing 

NOAA High Resolution Rapid Refresh 
(HRRR) 

3 km Hourly Benjamin et al. (2016) 

Hydrodynamic Open boundary 
conditions 

Navy Coastal Ocean Model – Gulf of Mexico 
(NCOM – GOM) regional model 

1 km 3 hourly Jacobs et al. (2016) 
Jacobs (2017) 

Ecopath and 
Ecosim 

Initial biomass 
and time series 

ADCNR, LDWF, MDMR, SEAMAP Point data 1995-2017  

HSI Bottom water 
temperature 

Mississippi Sound and Bight application of 
a Coupled Ocean Atmosphere Wave 
Sediment Transport modeling system 
(msbCOAWST) 

400 m Daily Cambazoglu et al. (2024) 
https://oceancube.usm.edu Ecosim Monthly 

HSI Bottom water 
salinity 

msbCOAWST 400 m Daily Cambazoglu et al. (2024) 
https://oceancube.usm.edu Ecosim Monthly 

http://waterdata.usgs.gov/nwis
https://oceancube.usm.edu/
https://oceancube.usm.edu/
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Figure 2. Conceptual diagram of the elements that comprise the msbCOAWST model. Freshwater inputs from MS River 
diversion structures (specifically, BCS) were computed from U.S. Army Corps of Engineers historical flow records (from 
Stanic et al., 2024). 

 

Note that the biogeochemical, sediment, and wave modeling capacities of the 

msbCOAWST model were not employed in the hydrodynamic model implementation used 

in this project, as msbCOAWST model estimates of daily, weekly, and monthly average 

salinity gradients were sufficient for the HSI model analyses conducted herein. The reader 

is invited to refer to Wiggert et al. (2022) for a more comprehensive description of the 

hydrodynamic model used to estimate the spatio-temporal evolution of critical 

environmental parameters (specifically, salinity) which were most relevant to the HSI 

modeling framework below. 

 

Habitat Suitability Index (HSI) Model Framework 

General HSI Framework 
Although HSI response curves can take any geometric shape, the HSI model 

calculations herein followed a simple trapezoidal geometry (U.S. Fish and Wildlife Service 

(USFWS), 1981) defined by four critical threshold values: 1) the lower limit (LL) of survival; 

2) the lower threshold of optimal condition (LO); 3) the upper threshold of optimal 
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condition (UO); and 4) the upper limit (UL) of survival (Figure 3), such that HSI scores were 

computed for each age-class of oyster according to their respective sensitivities to 

modeled variable (var) such as salinity and temperature.  

Thus, HSI scores were calculated in response to a given environmental variable (var) 

following Equations 1-4, where:  

 

𝐻𝐻𝐻𝐻𝐻𝐻 = 0 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝑣𝑣𝑣𝑣𝑣𝑣 ≤ 𝐿𝐿𝐿𝐿 | 𝑣𝑣𝑣𝑣𝑣𝑣 ≥ 𝑈𝑈𝑈𝑈 (1) 

 

𝐻𝐻𝐻𝐻𝐻𝐻 = 1 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐿𝐿𝐿𝐿 ≤ 𝑣𝑣𝑣𝑣𝑣𝑣 ≤ 𝑈𝑈𝑈𝑈 (2) 

 

𝐻𝐻𝐻𝐻𝐻𝐻𝐿𝐿𝐿𝐿→𝐿𝐿𝐿𝐿 = � 1
(𝐿𝐿𝐿𝐿−𝐿𝐿𝐿𝐿) ∙ 𝑣𝑣𝑣𝑣𝑣𝑣� + 𝐿𝐿𝐿𝐿

(𝐿𝐿𝐿𝐿−𝐿𝐿𝐿𝐿)𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝐿𝐿𝐿𝐿 < 𝑣𝑣𝑣𝑣𝑣𝑣 < 𝐿𝐿𝐿𝐿 (3) 

  

𝐻𝐻𝐻𝐻𝐻𝐻𝑈𝑈𝑈𝑈→𝑈𝑈𝑈𝑈 = �
1

(𝑈𝑈𝑈𝑈 − 𝑈𝑈𝑈𝑈) ∙ 𝑣𝑣𝑣𝑣𝑣𝑣� +
𝑈𝑈𝑈𝑈

(𝑈𝑈𝑈𝑈 − 𝑈𝑈𝑈𝑈)𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝑈𝑈𝑈𝑈 < 𝑣𝑣𝑣𝑣𝑣𝑣 < 𝑈𝑈𝑈𝑈 (4) 

        

Each HSI score was calculated to explore the relative significance of salinity (HSISal) in the 

determination of habitat suitability for each age-class of oyster. Resultant HSISal scores 

were then translated into a more intuitive stoplight color scheme to visually identify 

areas/thresholds of “poor” (red; 0.00 – 0.29), “fair” (yellow; 0.30 – 0.59), or “good” (green; 

0.60 – 1.00) habitat suitability, as suggested by Volety et al. (2009).  
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Figure 3. Trapezoidal geometry of habitable eco-space as prescribed by the HSI model, defined by the four critical 
threshold values (LL, LO, UO, UL) of sensitivity in response to variable environmental conditions (Var). Note that the 
“stoplight” scheme defining poor (0.00 – 0.29), fair (0.30 – 0.59), or good (0.60 – 1.00) habitat suitability follows Volety et al. 
(2009).  

 

Oyster Age-classes Modeled 
Oyster larvae are planktonic and have a minimum length dimension of 

approximately 50 µm (Galtsoff, 1964) soon after fertilization (by trochophore stage) and 

grow somewhat linearly with respect to fractional development time (Dekshenieks et al., 

1993), reaching a maximum length dimension of 300-350 µm (Galtsoff, 1964) prior to 

settlement as spat. Assuming larvae settle as spat upon reaching 330 µm (Dekshenieks et 

al., 1993), the “Larv” age-class represents all planktonic oysters across all trochophore-

veliger-pediveliger stages of development, ranging from 50-330 µm in size (190 µm 

median). 

 Among the three age-classes of settled oysters, the “Spat” age-class was chosen to 

represent small, newly-settled oysters ranging from 0.33 – 25 mm in size (Hofman et al., 

1994; Powell et al., 1994; Rybovich, 2014), with a median size of 12.7 mm. The “Seed” age-
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class (25-76 mm; median size of 50.5 mm) represents a combination of sexually immature 

juvenile (25-50 mm) and sexually mature sub-adult (50-76 mm) oysters (Hofman et al., 

1994; Powell et al., 1994) which have not yet grown to market size (Rybovich, 2014; Soniat 

et al., 1998). The “Sack” age-class is used to represent all those sexually mature adult 

oysters which have grown large enough (>76 mm) for commercial exploitation (Hofman et 

al., 1994; Powell et al., 1994; Soniat et al., 1998). 

 

Oyster Habitat Thresholds of Temperature and Salinity 
A comprehensive review of the scientific literature was performed to glean the most 

appropriate values of LL, LO, UO, UL based on published values of intrinsic preference for 

temperature and salinity minima, maxima, and optima among larval, spat, seed, and sack 

oysters throughout the U.S. Gulf and Atlantic coastal waters (Tables A1-A2). Ultimately, a 

total of 160 published threshold values among 21 citations were used to calculate mean 

threshold values defining HSITmp (Figure 4) and HSISal (Figure 5) representing the 

temperature and innate (i.e. osmoregulation) salinity tolerances (respectively) among all 

oyster age-classes in waters free from predation and/or disease. 

However, when occurring in natural waters, the UO and UL of settled oysters are 

more appropriately constrained by the salinity tolerance of co-occurring marine predators, 

most notably the southern oyster drill, Stramonita (=Thais) haemastoma floridana. Oyster 

drill frequency and predation rates have both been linked to an increasing salinity gradient 

(Garton & Stickle, 1980) within waters of greater marine influence, such that oyster drills – 

while rarely found below the 15 salinity isocline (Louisiana Sea Grant, 1996; St. Amant, 

1957) – exhibit maximal predation rates at 20 salinity (Garton & Stickle, 1980) and can 

swiftly decimate oyster populations in polyhaline (18-30 salinity) waters. Spat- and seed-

sized oysters are particularly vulnerable, which are ~3.375X more likely to suffer predation 

losses by oyster drills than are sack-sized oysters (Butler, 1985). 

To more accurately reflect settled oysters’ exposure to predatory losses to oyster 

drills at polyhaline salinities, the UOSal and ULSal thresholds for spat- and seed- (and to a 

lesser extent, sack-) sized oysters were modified to reflect the diminished oyster habitat 
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suitability in waters which are more favorable to oyster drills. Since all but the largest 

oysters are particularly susceptible to oyster drill predation, the UOSal for both spat- and 

seed-sized oysters were set to 15.0, to coincide with the LLSal of the oyster drill (Louisiana 

Sea Grant, 1996; St. Amant, 1957). 

 

Figure 4. Chosen temperature thresholds which define HSITmp for larval (top left), spat (top right), seed (bottom left), and 
sack (bottom right) oysters. 
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Figure 5. Salinity thresholds which define HSISal for larval (top left), spat (top right), seed (bottom left), and sack (bottom 
right) oysters based solely on innate salinity tolerance (i.e. °HSISal). 
 
 
 

Using 15.0 salinity as the effective UOSal for spat exposed to oyster drill predation 

and the original value of 39.0 salinity (Figure 4) as the innate spat ULSal in Eq. 4, the 

resultant linear equation of spat UO→UL was simply: 

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆𝑆𝑆𝑆𝑆(𝑈𝑈𝑈𝑈 → 𝑈𝑈𝑈𝑈;𝑛𝑛𝑛𝑛 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) = −0.0417𝑆𝑆𝑆𝑆𝑆𝑆 + 1.625 (5) 

 

Since spat are 3.375X more susceptible to oyster drill predation than sack-sized oysters 

(Butler, 1985), the slope of Eq. 5 was “steepened” by a factor of 3.375, yielding a new slope 

of -0.1406 which was then used in Eq. 4 to estimate a new value for spat ULSal (= 22.1), 

updating Eq. 5 to now become: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆𝑆𝑆𝑆𝑆(𝑈𝑈𝑈𝑈 → 𝑈𝑈𝑈𝑈;𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) = −0.1406𝑆𝑆𝑆𝑆𝑆𝑆 + 3.109 (6) 
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to represent a diminution of habitat suitability when spat are exposed to oyster drill 

predation. 

In similar fashion, the effective UOSal for seed-sized oysters exposed to oyster drill 

predation was also set to 15.0 salinity, and the original value of 41.1 salinity (Figure 4) as 

the innate seed ULSal in Eq. 4, the resultant linear equation of seed UO→UL was: 

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆𝑆𝑆𝑆𝑆(𝑈𝑈𝑈𝑈 → 𝑈𝑈𝑈𝑈;𝑛𝑛𝑛𝑛 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) = −0.0383𝑆𝑆𝑆𝑆𝑆𝑆 + 1.575 (7) 

 

Since seed-sized oysters are also 3.375X more susceptible to oyster drill predation 

compared to sack oysters (Butler, 1985), the slope of Eq. 7 was similarly steepened by a 

factor of 3.375, yielding a new slope of -0.1293 which was used in Eq. 4 to estimate the 

new value for seed ULSal (= 22.7), such that Eq. 7 was replaced by: 

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆𝑆𝑆𝑆𝑆(𝑈𝑈𝑈𝑈 → 𝑈𝑈𝑈𝑈;𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) = −0.1293𝑆𝑆𝑆𝑆𝑆𝑆 + 2.948 (8) 

 

to represent diminished habitat suitability when seed are exposed to oyster drill predation. 

 The sensitivity of sack oysters to oyster drill predation was handled somewhat 

differently, whereby the difference between the innate sack UOSal (= 27.6; Figure 4) and drill 

LLSal (= 15.0; Louisiana Sea Grant, 1996; St. Amant, 1957) was modified by a factor of 

0.2963 (= 1/3.375) and added to the drill LLSal threshold value (= 15.0) to obtain a new 

estimate for sack UOSal (= 18.7) to more appropriately constrain the range of refuge 

salinities for sack oysters subject to predation, so: 

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑈𝑈𝑈𝑈𝑆𝑆𝑆𝑆𝑆𝑆 = �(𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑈𝑈𝑈𝑈𝑆𝑆𝑆𝑆𝑆𝑆 − 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆) ∙ �
1

3.375
�� + 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆 (9) 

 

Similarly, the new estimate for ULSal among sack-sized oysters subject to oyster drill 

predation was computed by taking the difference between the innate sack ULSal (= 41.1; 

Figure 4) and drill LOSal (= 20.0; Garton & Stickle, 1980), modified by the same factor of 

0.2963 (1/3.375), and then added to the drill LOSal threshold value (= 20.0), to yield a new 
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estimate for sack ULSal (= 25.0), thereby defining the salinity limit beyond which oyster 

drill predation would likely preclude sack-sized oyster success, such that: 

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑈𝑈𝑈𝑈𝑆𝑆𝑆𝑆𝑆𝑆 = �(𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑈𝑈𝑈𝑈𝑆𝑆𝑆𝑆𝑆𝑆 − 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆) ∙ �
1

3.375
�� + 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝑆𝑆𝑆𝑆𝑆𝑆 (10) 

 

In all, these new estimates for UOSal and ULSal were used to redefine the HSISal for 

spat, seed, and sack oysters (Figure 6) in this analysis, as they are more reflective of the 

true habitat suitability with respect to settled oysters in natural waters, where marine 

predators (particularly the southern oyster drill) represent a significant constraint on oyster 

habitat suitability in polyhaline (18-30 salinity) waters. They are also more consistent with 

local observations in the U.S. Gulf, where productive oyster reefs are rarely found in waters 

with typical salinities exceeding 20-25 (Hendon 2019, pers. comm.; Powell 2019, pers. 

comm.; Hendon & Mickle 2020, pers. comm.). 

While predators (such as oyster drill) represent a more obvious biological control on 

oyster mortality, lethal infections by the protozoan endoparasite Perkinsus marinus can 

also have devastating effects on oyster populations. Under normal conditions, mortality 

from P. marinus infections (i.e. Dermo disease) typically do not outpace oyster population 

growth (Powell et al., 1996). When significant oyster mortality events from P. marinus do 

occur, they are usually linked to break-out infections associated with periods (and 

locations) of high salinity waters coincident with high temperatures (Powell et al., 1996; 

Soniat, 1985). However, it is interesting to note that Soniat (1985) also found that the 

weighted incidence (WI) of P. marinus infections (following Mackin, 1961) were 

significantly correlated with salinity when considered in isolation (but temperature alone 

was not significantly correlated with WI). Indeed, subsequent work by Soniat et al. (2012) 

demonstrated that Dermo disease (caused by P. marinus) seems to respond to climate 

signals specifically in relation to salinity. 

Models of P. marinus growth have indicated that parasite division (i.e. growth) just 

equal losses at 20° C temperature and 20 salinity (Powell et al., 1996), suggesting that P. 

marinus populations may exist, but may persist indefinitely, in waters consistently <20 
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salinity (which suggests a LOSal = 20 for P. marinus). However, La Peyre et al. (2006) found 

that P. marinus exhibited optimal growth parameters (e.g. viability, metabolic rate, and 

cell abundance) at experimental salinities of 15, 25, and 35, suggesting a lower optimal 

salinity threshold of 15 may be more appropriate. This threshold is further supported by 

Ragone Calvo et al. (2000) who suggest that the specific rate of P. marinus transmission is 

optimal at salinities of 15 and higher. 
 

 
Figure 6. Chosen salinity thresholds which define HSISal for larval (top left), spat (top right), seed (bottom left), and sack 
(bottom right) oysters when considering habitat suitability constraints due either to predation pressure from marine 
carnivorous snails, primarily from the southern oyster drill, Stramonita (=Thais) haemastoma floridana or from mortalities 
associated with Perkinsus marinus infections. 
 
 

Nevertheless, the earlier work of Andrews and Hewatt (1957) found that P. marinus 

infections were absent from Chesapeake Bay oysters in waters with mean summer 

salinities of 15, were rarely found in salinities of 17, but were quite common in salinities of 

19. In more recent investigations, Soniat et al. (2012) indicated that Dermo does not 

become additive to oyster mortality until salinities of 20 or greater are reached. These 

salinity thresholds suggest Dermo disease (from P. marinus infection) should be 

parameterized using LLSal = 15 and LOSal = 20, salinity thresholds which are identical to 



35 
 

those chosen to represent the southern oyster drill. Thus, the modeled 

compression/reduction of oyster habitat suitability caused by oyster drill predation (as 

discussed earlier) was applied as simultaneously inclusive of potential P. marinus impacts 

as well. 

 

Ecopath with Ecosim Modeling Framework 
We used the Ecopath with Ecosim (EwE) modeling framework to evaluate trophic 

interactions and energy flow within the study system. Ecopath is a mass-balance, steady-

state model that represents an ecosystem as a network of interacting functional groups, 

including primary producers, consumers, and detritus. Each group is characterized by 

parameters such as biomass, production/biomass (P/B), consumption/biomass (Q/B), and 

diet composition. The model solves a set of linear equations to balance production, 

consumption, predation, and mortality for all groups simultaneously, ensuring that the 

energy input and output within the system are accounted for. 

This mass-balance approach provides a static snapshot of trophic structure that 

can be used to quantify ecosystem productivity, evaluate the relative importance of 

different prey items, and estimate key ecological indicators (e.g., trophic level, transfer 

efficiency). We then paired this with Ecosim, the time-dynamic module of EwE, to evaluate 

the effects on different life stages of oyster biomass of freshwater inflow from the BCS and 

determine where the threshold of biomass loss due to this inflow occurs.  

The Mississippi Sound and Bight (MSB) EwE Model is composed of 74 groups that 

represent species, life stages of species, and species aggregates (Table 2). Major nekton 

groups were characterized with juvenile and adult life stages to better represent the 

ontogenetic changes through a species’ life history. Oysters were represented in the model 

with three life stages: spat, seed oysters, and sack oysters. The life stages are linked with a 

von Bertalanffy growth curve and follow the age-structure dynamics as described in 

Christensen and Walters (2024). Estimates of initial biomass were obtained from fisheries-

independent monitoring programs and the sources indicated in Table 2. In addition to initial 
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biomass values, production to biomass (𝑃𝑃
𝐵𝐵

), consumption to biomass (𝑄𝑄
𝐵𝐵

), multi-stanza age 

classifications (age breaks), and von Bertalanffy growth function K values were entered for 

each functional group.  

The Ecopath (start) model represents the year 2000. Species biomasses (in t km-2) 

are based on the average biomass estimated with fish and shellfish survey carried out by 

state and federal agencies from 1995-2000 (or the earliest year available if no data was 

collected during this time for a species) within the Mississippi Sound and Bight, Mobile Bay, 

and the Lower Mississippi River Delta. The average of six years were used for the start 

model rather than the exact biomass in 2000, to have a start model that is representative of 

the ecosystem at that time, and to avoid basing the start model on data from one year that 

could be different than average conditions around that time.  

Table 2. Initial parameters used to develop the Ecopath model. 𝑃𝑃
𝐵𝐵

 = Production to Biomass ratio, 𝑄𝑄
𝐵𝐵

 = Consumption to 

Biomass ratio, stanza break = age in months when juveniles become adults, VBGF K = curvature parameter in von 

Bertalanffy growth function. 

Group 
No 

Group Name Parameters based on 
species 

Biomass (t 
km-2) 

𝑃𝑃
𝐵𝐵

 
𝑄𝑄
𝐵𝐵

 Stanza 
Break 
(mo.) 

VBGF K 

1 juvenile large 
coastal sharks 

Sphyrna lewini; 
Carcharhinus leucas 

0.0071 2.002 17.9612   

2 adult large coastal 
sharks 

  0.512  1743 0.083,4,5 

3 juvenile dolphins Tursiops truncatus 0.0016 3.4087 25.37   
4 adult dolphins   0.108  1509 0.4210 
5 juvenile small 

coastal sharks 
Rhizoprionodon 
terraenovae 

0.08511 2.002    

6 adult small coastal 
sharks 

  0.5312 4.5113 8414 0.34 

7 juvenile large 
pelagics 

Scomberomorus 
maculatus; Trichiurus 
lepturus 

0.03115 4.0016    

8 adult large pelagics   0.9513 5.617 2418 0.6419 
9 juvenile small 

pelagics 
Peprilus triacanthus; 
Chloroscomburs 
chrysurus 

0.10815 3.0020
    

10 adult small 
pelagics 

  2.0012 10.412 1221 1.7444,22 

11 sea birds  0.00715 1.0023    
12 juvenile red 

snapper 
Lutjaneus 
campechanus 

 3.0016 9.224   

13 adult red snapper  0.08525 0.6016  2426 0.14725 
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Group 
No 

Group Name Parameters based on 
species 

Biomass (t 
km-2) 

𝑃𝑃
𝐵𝐵

 
𝑄𝑄
𝐵𝐵

 Stanza 
Break 
(mo.) 

VBGF K 

14 juvenile red drum Sciaenops ocellatus  2.2016    
15 adult red drum  0.00615 0.6216 3.917 3627 0.46428 
16 juvenile black 

drum 
Pogonias cromis  2.0023    

17 adult black drum  0.00515 0.5023 6.3624 6629 0.1730 
18 juvenile spotted 

seatrout 
Cynoscion nebulosus  3.7016    

19 adult spotted 
seatrout 

 0.00115 0.7016 5.417 3031 0.2228,30,

32 
20 juvenile other 

seatrout 
Cynoscion arenarius; 
Cynoscion nothus 

 3.7016    

21 adult other 
seatrout 

 0.04815 0.7016 5.424 1233 0.3134 

22 juvenile sciaenids Leiostomus xanthurus  2.0023    
23 adult sciaenids  0.12415 1.1016 7.217 3035 0.4336 
24 juvenile 

largemouth bass 
Micropterus 
salmoides 

 2.0023    

25 adult largemouth 
bass 

 0.00115 0.6023 2.8124 1237 0.26738 

26 juvenile gulf 
sturgeon 

Acipenser oxyrinchus 
desotoi 

0.00239 2.0023    

27 adult gulf sturgeon   0.1539 2.117 13240 0.0641 
28 juvenile blue 

catfish 
Ictalurus furcatus  2.0023    

29 adult blue catfish  0.00215 0.8023
 3.317 4842 0.1243 

30 juvenile sea catfish Ariopsis felis; Bagre 
marinus 

 2.0023    

31 adult sea catfish  0.08915 0.8016 3.317 1244 0.1517 
32 juvenile Atlantic 

croaker 
Micropogonias 
undulatus 

0.26015 2.0023    

33 adult Atlantic 
croaker 

  1.5016 8.0217 1245 0.3536 

34 juvenile southern 
flounder 

Paralichthys 
lethostigma 

 2.0023    

35 adult southern 
flounder 

 0.00315 0.4224 4.517 3646 0.2328 

36 juvenile near-
coastal consumers 

Lagodon rhomboides; 
Archosargus 
probatocephalus 

 1.0216 19.1923   

37 adult near-coastal 
consumers 

 0.02215 0.3017  1247 0.3248 

38 rays and skates Hypanus sabinus 0.04915 0.7016,24 4.717   
39 juvenile demersals Calamus leucosteus  2.5224

    
40 adult demersals  0.15615 0.5549 5.717 1250 0.2851 
41 juvenile squid Loligo plei 0.01615 4.0012    
42 adult squid   3.008 13.1249 1252 0.5953 
43 Gulf menhaden 0yr Brevoortia patronus  2.3016 19.3854   
44 Gulf menhaden 1yr  2.39755 1.39655  12 0.33156 
45 Gulf menhaden 2yr   1.72355  24 0.33156 
46 Gulf menhaden 3yr   1.49755  36 0.33156 



38 
 

Group 
No 

Group Name Parameters based on 
species 

Biomass (t 
km-2) 

𝑃𝑃
𝐵𝐵

 
𝑄𝑄
𝐵𝐵

 Stanza 
Break 
(mo.) 

VBGF K 

47 Gulf menhaden 4yr   1.49755  48 0.33156 
48 juvenile striped 

mullet 
Mugil cephalus 0.00315 2.4016    

49 adult striped 
mullet 

  0.8016 12.2817 1857 0.317 

50 juvenile sunfishes Lepomis macrochirus; 
Lepomis microlophus 

 2.0023    

51 adult sunfishes  0.00115 0.8023 4.9758 2459 0.29660 
52 juvenile forage fish Anchoa mitchilli 0.05215 3.0023 37.77923   
53 adult forage fish   2.5316  461 0.662 
54 juvenile blue crab Callinectes 

sapidus/similis 
 3.0023 17.03743   

55 adult blue crab  0.02215 2.4016  1563 1.05764 
56 juvenile brown 

shrimp 
Farfantepenaeus 
aztecus 

 3.0023    

57 adult brown shrimp  0.05265 2.4016 19.216 1066 3.42367 
58 juvenile white 

shrimp 
Litopenaeus setiferus  3.0023    

59 adult white shrimp  0.57368 2.4016 19.216 1069 2.49370 
60 jellyfish  0.08215 1571 5672   
61 oyster spat Crassostrea virginica  2.0023    
62 seed oyster Crassostrea virginica  1.8023 14.65154 423 1.223 
63 sack oyster Crassostrea virginica 1.48215 2.4023  16 1.223 
64 oyster drill Thais haemastoma 0.01215 4.516 1816   
65 grass shrimp Palaemonetes spp. 0.4523 4.516 1816   
66 benthic crabs Rhithropanopeus 

harrisii 
123 212 1816   

67 zoobenthos Mellita 
quinquiesperforata; 
Luidia clathrata; 
Annelids 

3.9623 4.516 2216   

68 benthic 
crustaceans 

Amphipods, Isopods 4.3923 4.516 2216   

69 mollusks Clams 4.0323 4.516 2216   
70 zooplankton  4.12423 28.77258 84.8758   
71 phytoplankton  12.83823 81.77    
72 benthic algae  29.77823 3.90958    
73 SAV  9.77823 9.01412    
74 detritus  100     

Sources: 1SEDAR (2024b); 2Geers (2012); 3Branstetter & Stiles (1987); 4Froese (2022); 5Hoenig (1979); 6NOAA Office of 
Science and Technology (2025); 7www.sealifebase.org (2025); 8Okey et al. (2004); 9Sergeant et al. (1973); 10Palomares et 
al. (2008); 11SEDAR (2013); 12Geers et al. (2016); 13Sinnickson et al. (2021); 14Frazier et al. (2014); 15Pooled agency data from 
ADCNR, LDWF, MDMR, and SEAMAP monitoring surveys; 16Walters et al. (2008); 17www.fishbase.org (2025); 18Nakamura & 
Parin (1993); 19Baker et al. (2001); 20Sagarese et al. (2017); 21DuPaul & McEachran (1973); 22Murphy & Chittenden Jr (1991); 

23De Mutsert et al. (2017); 24Lewis et al. (2022); 25SEDAR (2024a); 26NOAA Fisheries (2025); 27Satterfield (2017); 28Matlock & 
Garcia (1983); 29Wells & Jones (2002); 30Pauly (1978); 31Bester (2025b); 32Erzini (1991); 33Shlossman & Chittenden (1981); 
34Nemeth et al. (2006); 35Bare (2001); 36Rao (2011); 37Boudreaux (2013); 38Beamesderfer & North (1995); 39Kirk (2008); 
40Bester (2025a); 41Stevenson & Secor (1999); 42Carlander (1969); 43Hilling et al. (2018); 44Indian River Lagoon National 
Estuary Program (n.d.); 45De Mutsert et al. (2012); 46Reagan Jr & Wingo (1985); 47Texas Parks and Wildlife Department (n.d.); 
48Nelson (2002); 49Chagaris et al. (2020); 50Waltz et al. (1982); 51Potts & Manooch III (2002); 52Perez et al. (2002); 53Pauly 
(1985); 54von Bertalanffy (1938); 55GDAR (2024); 56SEDAR (2018); 57Collins (1985); 58Althauser (2003); 59Peterson et al. 
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(2010); 60Pauly (1979); 61Luo & Musick (1991); 62Acosta (2000); 63GDAR (2013); 64Sumer et al. (2013); 65Hart (2015b); 

66Aragão et al. (2021); 67Parrack (1979); 68Hart (2015a); 69Muncy (1984); 70Klima (1974); 71Ruzicka et al. (2007); 72Chiaverano 
et al. (2018) 

 

The area from which the biomass data are collected includes portions of 

southeastern Louisiana – including Lakes Maurepas, Pontchartrain, Borgne, Salvador, Little 

Lake, Barataria Bay, West Bay, East Bay, Black Bay, and the Chandeleur Sound – the 

Mississippi Sound and Bight, and southern Alabama – including Mobile and Perdido Bays, 

and is approximately 40,200 km2 (Figure 7). This larger model domain allows for the use of 

this model for different projects and is the model domain for future Ecospace model 

scenarios.  

 

 

Figure 7. EwE model domain. The symbols indicate the locations of the survey sampling sites the Ecopath model biomass 
data is based on. The color coding indicates the different agencies collecting the data, and the shape of the symbols 
indicates the gear type.  
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Biological Input Data Wrangling 
Many species were split into age classes to better reflect ontogenetic changes in a 

species’ life history, resulting in 74 groups that vary in representation of a life stage of a 

single species (e.g. juvenile red snapper), to a guild (e.g. zoobenthos). For a complete list of 

model groups, see Table 2. 

Two primary inputs required for Ecopath and Ecosim are initial biomasses and a 

time series of biomasses for each species or species group, respectively. Time series are 

used for model calibration, allowing for evaluation of model fit with historical data before 

introducing hypothetical scenarios for which time series data may not exist. 

Most of the data used to create the Ecopath model were derived from four fisheries 

independent monitoring programs: the Mississippi Department of Marine Resources – 

Fisheries Assessment and Monitoring program (MDMR), the Southeast Area Monitoring and 

Assessment Program (SEAMAP), the Louisiana Department of Wildlife and Fisheries – 

Fisheries Independent Monitoring Program (LDWF), and the Alabama Department of 

Conservation and Natural Resources – Marine Resources Division Fisheries Assessment 

and Monitoring Program (ADCNR). The fisheries-independent monitoring programs use 

different gear types in their efforts to target certain species and life stages. For inclusion in 

the Ecopath model, we need to use gear types that are used by the different agencies, and 

a collection method that allows for calculating the biomass per area sampled (g m-2). Data 

collected from the 4.88 m otter trawl, the 15.24 m seine, and the square meter oyster 

quadrats were used to develop the initial conditions and biomass time series in our model. 

For all gear types, all sampling events located within the spatial extent of the model domain 

were included in the initial biomass and time series biomass calculations.  

Abundance and length data were used to convert the fisheries-independent 

monitoring data to g m-2 yr-1 biomass values, as is required by EwE. Abundance per unit 

effort data were converted to g m-2 for each species in the model by using length-weight 

relationships and estimating the area sampled with each gear type. Biomass per sample 

was determined by using abundance and length data in a length-weight regression, 
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𝑊𝑊𝑖𝑖 = 𝑎𝑎𝑇𝑇𝑇𝑇𝑖𝑖𝑏𝑏 , (11) 

 

where 𝑎𝑎 and 𝑏𝑏 are species-specific parameters, 𝑇𝑇𝑇𝑇 is the length measured as total length, 

and 𝑖𝑖 is each species of interest (Table 3). All species’ biomasses were then divided by the 

sampling area of each gear type to determine the 𝑔𝑔𝑖𝑖 m-2, where 𝑖𝑖 defines each functional 

group or species. 

The area sampled using the 15.24 m seine was calculated by determining the area 

of a rectangle created during sampling. The length of the seine net represents the short 

side of the rectangle, while the distance the seine is towed once it is set offshore (30.48 m) 

represents the long side of the rectangle. As such, the area sampled was calculated by: 

 

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑚𝑚2) = (15.24 ∙  30.48) (12) 

     

The area sampled using the 4.88 m otter trawl was calculated using methods similar 

to Brown et al. (2013) and Sparre and Venema (1998) for ADCNR, LDWF, and MDMR trawl 

efforts. The area sampled equation used in this study was 𝑎𝑎 = 𝐷𝐷ℎ𝑋𝑋, where 𝑎𝑎 is the area 

sampled, 𝐷𝐷 is the distance covered during the tow, ℎ is the length of the headrope, and 𝑋𝑋 is 

the fraction of the headrope length that is equal to the width of the path. 

 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑚𝑚2) = (925.99 ∙  4.88 ∙  0.8) (13) 

    

 Distance was determined by converting 3.0 knots to 1.54333 m s-1 and converting a 

10-minute tow time to 600 seconds. Therefore, 𝐷𝐷 = (1.54333 𝑥𝑥 600) or 925.99 meters 
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covered. Headrope length (ℎ) is 4.88 m and 𝑋𝑋 was determined to be 0.8 in this study since 

the length of the headrope and the width of the path were similar. 

 For SEAMAP trawl data, the area sampled was calculated by first converting the 

start and end points for each tow to a towing distance (D. Chagaris, personal 

communication): 

 

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 (𝑁𝑁𝑁𝑁) = 60�(𝑙𝑙𝑙𝑙𝑙𝑙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑒𝑒𝑒𝑒𝑒𝑒)2 + (𝑙𝑙𝑙𝑙𝑙𝑙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑒𝑒𝑒𝑒𝑒𝑒)2 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃2 (14) 

  

where: 𝜃𝜃 = 0.5(𝑙𝑙𝑙𝑙𝑙𝑙𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑙𝑙𝑙𝑙𝑙𝑙𝑒𝑒𝑒𝑒𝑒𝑒) ∙ 𝜋𝜋
180

 , and represents the towing angle in radians. The 

towing distance was used to determine the area sampled by multiplying by the tow width 

(0.012192 km) and converting from nautical miles to trawl area sampled in m2. The trawl 

area sampled was subsequently calculated as: 

 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑑𝑑𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 (𝑚𝑚2) = 1.852 ∙ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 (𝑁𝑁𝑁𝑁) ∙ 0.012192 ∙ 1000000 (15) 

 

The catch (in biomass) per unit effort of each species is then divided by this sampling area 

value. 

 To correct for gear inefficiencies, calculated biomasses and time series data were 

increased using correction factors obtained from Rozas and Minello (1997) for both seine 

(33% correction) and trawl (17% correction) samplings. 

 Since each of the four fisheries independent monitoring programs only surveys a 

subset of the model domain, a spatial sampling coefficient was multiplied by the biomass 

data prior to summing the biomasses for each species or model group across the four 

monitoring programs. The spatial sampling coefficient was derived by calculating the 
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proportion of the model domain sampled by each agency (𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑏𝑏𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

). Therefore, 

total biomass per species i in g m-2 was determined as: 

 

∑�𝑎𝑎𝑇𝑇𝑇𝑇𝑖𝑖𝑏𝑏� ∙ 𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
∑𝐴𝐴

+
∑�𝑎𝑎𝑇𝑇𝑇𝑇𝑖𝑖𝑏𝑏� ∙ 𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿

∑𝐴𝐴
+
∑�𝑎𝑎𝑇𝑇𝑇𝑇𝑖𝑖𝑏𝑏� ∙ 𝑆𝑆𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

∑𝐴𝐴
+
∑�𝑎𝑎𝑇𝑇𝑇𝑇𝑖𝑖𝑏𝑏� ∙ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

∑𝐴𝐴
, (16) 

 

where 𝑎𝑎𝑇𝑇𝑇𝑇𝑖𝑖𝑏𝑏  represents the length-weight regression for species i as described above on 

page 41, S represents the spatial sampling coefficient per agency, and A represents the 

area sampled per gear deployment. 

For some model groups, estimates of biomass based on the fisheries independent 

survey data were not appropriate based on sampling bias or false absence data. Therefore, 

biomass estimates for such groups were obtained from other sources (Table 2). When 

initial biomasses could not be obtained from field data, estimates from stock 

assessments, other published studies, and/or other ecosystem models from similar 

systems were used as initial conditions in our model. For eastern oysters, biomass 

estimates came from square meter quadrat sampling by MDMR from the start of this survey 

in 2006 to 2017. Oyster abundance data from MDMR sampling efforts were converted to g 

m-2 using the oyster L-W relationship described in Table 3. Oyster biomass was then 

multiplied by the proportion of model domain covered by Mississippi oyster reefs to reflect 

the spatial extent to which oysters are found within the model domain. Sack oyster 

biomass was used along with the von Bertalanffy growth function to calculate spat and 

seed biomasses.  

Table 3. Length-weight regressions and data sources used to calculate 𝑔𝑔𝑖𝑖  m-2. Species indicated with an asterisk (*) mark 
taxa that used FL-TL and SL-TL conversions to calculate these parameters using the data provided. (CW = carapace width; 
FL = fork length; ML = mantle length; SL = standard length; TL = total length; WD = wing diameter). 

Functional Group Length-Weight Regression Data Source Units 
Large coastal 
sharks 

𝑊𝑊𝑙𝑙𝑙𝑙𝑙𝑙 = 0.00631𝑇𝑇𝑇𝑇𝑙𝑙𝑙𝑙𝑙𝑙3.06 Fishbase g cm 

Dolphins 𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑 = 0.58𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑𝑑𝑑  (Ridgway & Fenner, 1982) kg cm 
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Functional Group Length-Weight Regression Data Source Units 
Small coastal 
sharks 

NA†    

Large pelagics 𝑊𝑊𝑙𝑙𝑙𝑙 = 0.001𝑇𝑇𝑇𝑇𝑙𝑙𝑙𝑙2.908 Fishbase g cm 
Small pelagics 𝑊𝑊𝑠𝑠𝑠𝑠 = 0.0356𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠2.612 Fishbase g cm 
Red snapper 𝑊𝑊𝑟𝑟𝑟𝑟 = 0.00749𝑇𝑇𝑇𝑇𝑟𝑟𝑟𝑟3.16 Fishbase g cm 
Red drum 𝑊𝑊𝑟𝑟𝑟𝑟 = 0.0143𝑇𝑇𝑇𝑇𝑟𝑟𝑟𝑟3  Fishbase g cm 
Black drum 𝑊𝑊𝑏𝑏𝑏𝑏 = 1.19𝑥𝑥10−5𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏3.04 (Murphy & Taylor, 1989) g mm 
Spotted seatrout 𝑊𝑊𝑠𝑠𝑠𝑠𝑠𝑠 = 0.0073𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠3.139 Fishbase g cm 
Other seatrout* 𝑊𝑊𝑜𝑜𝑜𝑜𝑜𝑜 = 0.0308𝑆𝑆𝑆𝑆𝑜𝑜𝑜𝑜𝑜𝑜2.892 Fishbase g cm 
Sciaenids 𝑊𝑊𝑠𝑠𝑠𝑠𝑠𝑠 = 0.00921𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠3.072 Fishbase g cm 
Largemouth bass 𝑊𝑊𝑙𝑙𝑙𝑙𝑙𝑙 = 0.0144𝑇𝑇𝑇𝑇𝑙𝑙𝑙𝑙𝑙𝑙

2.96  Fishbase g cm 
Gulf sturgeon NA*    
Blue catfish 𝑊𝑊𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 0.0185𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏3  Fishbase g cm 
Sea catfish 𝑊𝑊𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 0.0181𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠2.99  Fishbase g cm 
Atlantic croaker 𝑊𝑊𝑎𝑎𝑎𝑎 = 0.00918𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎3.09 Fishbase g cm 
Southern flounder 𝑊𝑊𝑠𝑠𝑠𝑠 = 0.00427𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠3.295 Fishbase g cm 
Near-coastal 
consumers* 

𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛 = 0.0296𝑆𝑆𝑆𝑆𝑛𝑛𝑛𝑛𝑛𝑛3.045 Fishbase g cm 

Rays and skates 𝑊𝑊𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 0.05𝑊𝑊𝑊𝑊𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟3.09  Fishbase g cm 
Demersals 𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑 = 0.0148𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑𝑑𝑑2.894 Fishbase g cm 
Squid 𝑊𝑊𝑠𝑠𝑠𝑠 = 0.1673𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠2.525 Sealifebase g cm 
Gulf menhaden 𝑊𝑊𝑔𝑔𝑔𝑔 = 0.008𝑇𝑇𝑇𝑇𝑔𝑔𝑔𝑔2.45 (De Mutsert, 2010) g cm 
Striped mullet 𝑊𝑊𝑠𝑠𝑠𝑠 = 0.0213𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠2.75 Fishbase g cm 
Sunfishes 𝑊𝑊𝑠𝑠𝑠𝑠𝑠𝑠 = 0.0218𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠2.96 Fishbase g cm 
Forage fish 𝑊𝑊𝑓𝑓𝑓𝑓 = 0.0171𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓2.814 Fishbase g cm 
Blue crab 𝑊𝑊𝑏𝑏𝑏𝑏 = 0.108𝐶𝐶𝐶𝐶𝑏𝑏𝑏𝑏

2.775 Sealifebase g cm 
Brown shrimp 𝑊𝑊𝑏𝑏𝑏𝑏 = 0.006𝑇𝑇𝑇𝑇𝑏𝑏𝑏𝑏2.938 (Fontaine & Neal, 1971) g cm 
White shrimp 𝑊𝑊𝑤𝑤𝑤𝑤 = 0.003𝑇𝑇𝑇𝑇𝑤𝑤𝑤𝑤3.247 (Fontaine & Neal, 1971) g cm 
Jellyfish NA†    
Oysters 𝑊𝑊𝑜𝑜𝑜𝑜 = 9𝑥𝑥10−5𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜2  (Powell et al., 2016; Rose et 

al., 1989) 
g mm 

Oyster drill NA†    
Grass shrimp 𝑊𝑊𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 0.0107𝐵𝐵𝐵𝐵𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔2.73  Sealifebase g cm 
Benthic crabs 𝑊𝑊𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ = 0.5703𝐶𝐶𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ

2.279  Sealifebase g cm 
†Species in this functional group were massed by the monitoring agencies and therefore did not require L-W regression 
calculations. *Gulf sturgeon biomass input data was sourced from Kirk (2008) and therefore a L-W regression calculation 
was not required. 

The calculated and adjusted annual averaged biomasses from 1995 – 2000 were 

used as initial input parameters in the Ecopath model for all model groups. For each 

species we used the survey data for to develop the Ecopath model, we created time series 

from 2000-2017 based on the annual average biomass for each of those years for model 

calibration in Ecosim.  
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Ecopath 
Ecopath is based on two mass-balance equations that ensure production and 

consumption are balanced for each functional group in the modeled ecosystem 

(Christensen & Pauly, 1992): 

1. Production (Energy Balance) Equation: 

 

�
𝑃𝑃𝑖𝑖
𝐵𝐵𝑖𝑖 
� ∙  𝐵𝐵𝑖𝑖 ∙ 𝐸𝐸𝐸𝐸𝑖𝑖 −  �𝐵𝐵𝑗𝑗

𝑛𝑛

𝑗𝑗=1

∙ �
𝑄𝑄𝑗𝑗
𝐵𝐵𝑗𝑗
�  ∙ 𝐷𝐷𝐶𝐶𝑗𝑗𝑗𝑗 −  𝑌𝑌𝑖𝑖 −  𝐸𝐸𝑖𝑖 − 𝐵𝐵𝐴𝐴𝑖𝑖 =  0, (17) 

        

where �𝑃𝑃𝑖𝑖
𝐵𝐵𝑖𝑖 
� is the production to biomass ratio for group 𝑖𝑖, 𝐸𝐸𝐸𝐸𝑖𝑖  is the ecotrophic efficiency 

(the proportion of production used in the system), 𝐵𝐵𝑖𝑖 and 𝐵𝐵𝑗𝑗 are the biomasses of the prey 

and predators respectively, �𝑄𝑄𝑗𝑗
𝐵𝐵𝑗𝑗
� is the consumption to biomass ratio, 𝐷𝐷𝐶𝐶𝑗𝑗𝑗𝑗  is the fraction of 

prey 𝑖𝑖 in predator 𝑗𝑗’s diet, 𝑌𝑌𝑖𝑖 is catch rate for the fishery for group 𝑖𝑖, 𝐸𝐸𝑖𝑖 is the net migration 

rate, and 𝐵𝐵𝐴𝐴𝑖𝑖  is the biomass accumulation for group 𝑖𝑖.  

2. Consumption (Energy Use) Equation: 

 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 + 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 (18) 

 

This equation ensures that the consumption of each group is balanced by its 

production, metabolic costs, and waste (unassimilated material). 

Together, these equations provide a mass-balanced representation of trophic flows 

in the system, where energy inputs equal outputs for every group over a year. After initial 

input parameters were entered (listed in Table 2), a diet matrix was completed. The diet of 

each model group consists of the proportional consumption of some set of other groups in 

the model, summing to one. The diet matrix is based on the diet matrix created for the 
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Delta Management EwE Model (De Mutsert et al., 2017), with adjustments made to 

account for the proportional availability of prey species in the current model and the 

changes made to the species list in the model.  

Relevant local fisheries fleets and landings were included in the model as well. Two 

types of fishery-dependent data were used in our model: commercial and recreational 

landings data. The data were sourced from the NOAA Fisheries One Stop Shop. The 

commercial fisheries included in the model were: shrimp, black drum, blue crab, Gulf 

menhaden, and eastern oyster. The recreational fishery included adult small coastal 

sharks, adult large pelagics, adult red snapper, adult red drum, adult black drum, adult 

spotted seatrout, adult other seatrout, adult sciaenids, adult largemouth bass, adult sea 

catfish, adult Atlantic croaker, adult southern flounder, adult near-coastal consumers, and 

adult blue crab. The landings were divided by the spatial extent of the model domain to 

calculate g m-2. Landings used as initial inputs in Ecopath were averaged between 1995 and 

2000 to account for temporal variability in the data. Time series of average annual landings 

were created for calibration in Ecosim and spanned the years 2000 – 2017. Fishing 

mortality time series were included for adult red snapper, adult red drum, adult black 

drum, Gulf menhaden (1yr, 2yr, 3yr, 4yr), adult brown shrimp, and adult white shrimp 

sourced from stock assessment reports. 

With all Ecopath parameters entered the Ecopath model was balanced. The 

balancing process ensures that no more biomass of any of the model groups is used in the 

system by predation or fishing than is produced. The amount of biomass used for each 

group in the model is reflected in their ecotrophic efficiency (EE), represented as a fraction 

from 0 to 1. Ecopath uses its first master equation to calculate the EE; the model is 

balanced when all EEs are between 0 and 1. Adjustments made to balance the model 

mainly entailed reducing predation pressure to more reasonable levels when it initially 

resulted in more biomass consumed of a specific species than is produced in the model. 

During the PREBAL diagnostics (Link, 2010), benthic algae biomass, which was not 

measured in the system but copied from a different model, was reduced from 29.788 t km-2 
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to 18.778 t km-2. A balanced representation of the full Mississippi Sound and Bight 

ecosystem was developed in Ecopath with the parameters indicated in Table 4. 

Table 4. Parameters for the balanced Ecopath model. 𝑃𝑃
𝐵𝐵

 = Production to Biomass ratio, 𝑄𝑄
𝐵𝐵

 = Consumption to Biomass ratio, 

EE = ecotrophic efficiency, and 𝑃𝑃
𝑄𝑄

 = Production to Consumption ratio. Values in bold are estimated by Ecopath.  

Group 
No 

Group Name Trophic 
Level 

Biomass (t 
km-2) 

𝑃𝑃
𝐵𝐵

 
𝑄𝑄
𝐵𝐵

 EE 𝑃𝑃
𝑄𝑄

 

1 juvenile large 
coastal sharks 

3.489 0.007 2.00 17.961 0.002 0.111 

2 adult large coastal 
sharks 

3.676 8.961E-12 0.51  0.125 0.194 

3 juvenile dolphins 3.419 0.001 3.408 25.3 0.003 0.135 
4 adult dolphins 3.626 2.015E-18 0.10  0.000 0.015 
5 juvenile small 

coastal sharks 
3.227 0.085 2.00 4.51 0.029 0.149 

6 adult small coastal 
sharks 

3.587 2.287E-05 0.53  0.017 0.118 

7 juvenile large 
pelagics 

3.186 0.031 4.00  0.113 0.272 

8 adult large pelagics 3.369 0.002 0.95 5.6 0.428 0.17 
9 juvenile small 

pelagics 
3.087 0.108 3.00  0.029 0.179 

10 adult small 
pelagics 

2.869 0.074 2.00 10.4 0.027 0.192 

11 sea birds 3.255 0.007 1.00  0.017 0.056 
12 juvenile red 

snapper 
3.013 0.038 3.00 9.2 0.098 0.326 

13 adult red snapper 3.148 0.085 0.60  0.076 0.262 
14 juvenile red drum 2.349 0.035 2.20  0.717 0.326 
15 adult red drum 2.981 0.006 0.62 3.9 0.378 0.159 
16 juvenile black 

drum 
2.52 0.434 2.00  0.102 0.088 

17 adult black drum 2.704 0.005 0.50 6.36 0.415 0.079 
18 juvenile spotted 

seatrout 
2.78 0.011 3.70  0.837 0.171 

19 adult spotted 
seatrout 

3.306 0.001 0.70 5.4 0.762 0.13 

20 juvenile other 
seatrout 

3 0.003 3.70  0.795 0.175 

21 adult other 
seatrout 

2.867 0.048 0.70 5.4 0.341 0.13 

22 juvenile sciaenids 2.606 0.402 2.00  0.284 0.133 
23 adult sciaenids 2.361 0.124 1.10 7.2 0.101 0.153 
24 juvenile 

largemouth bass 
2.982 1.151E-05 2.00  0.687 0.184 

25 adult largemouth 
bass 

2.791 0.001 0.60 2.81 0.416 0.214 

26 juvenile gulf 
sturgeon 

2.613 0.002 2.00  0.000 0.117 

27 adult gulf sturgeon 2.613 1.364E-08 0.15 2.1 0.000 0.071 
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Group 
No 

Group Name Trophic 
Level 

Biomass (t 
km-2) 

𝑃𝑃
𝐵𝐵

 
𝑄𝑄
𝐵𝐵

 EE 𝑃𝑃
𝑄𝑄

 

28 juvenile blue 
catfish 

2.543 0.020 2.00  0.0291 0.188 

29 adult blue catfish 2.733 0.002 0.80 3.3 0.146 0.242 
30 juvenile sea catfish 2.303 0.002 2.00  0.406 0.144 
31 adult sea catfish 2.659 0.089 0.80 3.3 0.078 0.242 
32 juvenile Atlantic 

croaker 
2.818 0.260 2.00  0.233 0.1 

33 adult Atlantic 
croaker 

2.874 1.590 1.50 8.02 0.026 0.187 

34 juvenile southern 
flounder 

2.672 0.003 2.00  0.520 0.151 

35 adult southern 
flounder 

3.038 0.003 0.42 4.5 0.548 0.093 

36 juvenile near-
coastal consumers 

2.650 1.129E-04 1.02 19.19 0.831 0.053 

37 adult near-coastal 
consumers 

2.948 0.022 0.30  0.468 0.063 

38 rays and skates 3.017 0.049 0.70 4.7 0.068 0.149 
39 juvenile demersals 2.708 0.003 2.52  0.68 0.109 
40 adult demersals 2.859 0.156 0.55 5.7 0.016 0.097 
41 juvenile squid 2.908 0.016 4.00  0.604 0.142 
42 adult squid 3.061 0.011 3.00 13.12 0.020 0.229 
43 Gulf menhaden 0yr 2.000 0.861 2.30 19.38 0.221 0.119 
44 Gulf menhaden 1yr 2.2 2.397 1.396  0.88 0.15 
45 Gulf menhaden 2yr 2.3 1.686 1.723  0.966 0.266 
46 Gulf menhaden 3yr 2.5 0.624 1.497  0.822 0.286 
47 Gulf menhaden 4yr 2.7 0.287 1.497  0.366 0.335 
48 juvenile striped 

mullet 
2.696 0.003 2.40  0.448 0.07 

49 adult striped 
mullet 

2.684 0.011 0.80 12.28 0.163 0.065 

50 juvenile sunfishes 2.9 5.89E-04 2.00  0.116 0.163 
51 adult sunfishes 2.684 0.001 0.80 4.97 0.618 0.161 
52 juvenile forage fish 2.5 0.052 3.00 37.779 0.563 0.075 
53 adult forage fish 2.433 2.829 2.53  0.321 0.242 
54 juvenile blue crab 2.040 0.052 3.00 17.037 0.502 0.176 
55 adult blue crab 2.433 0.022 2.40  0.319 0.25 
56 juvenile brown 

shrimp 
2.040 0.102 3.00  0.377 0.115 

57 adult brown shrimp 2.161 0.052 2.40 19.2 0.672 0.125 
58 juvenile white 

shrimp 
2.05 0.798 3.00  0.037 0.105 

59 adult white shrimp 2.161 0.573 2.40 19.2 0.227 0.125 
60 jellyfish 2.256 0.082 15 56 0.001 0.268 
61 oyster spat 2 0.077 2.00  0.129 0.05 
62 seed oyster 2.05 2.6 1.80 14.651 0.039 0.123 
63 sack oyster 2.05 1.482 2.40  0.032 0.24 
64 oyster drill 2.62 0.012 4.5 18 0.048 0.25 
65 grass shrimp 2.051 0.45 4.5 18 0.395 0.25 
66 benthic crabs 2.000 1 2 18 0.859 0.111 
67 zoobenthos 2.011 3.96 4.5 22 0.536 0.205 
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Group 
No 

Group Name Trophic 
Level 

Biomass (t 
km-2) 

𝑃𝑃
𝐵𝐵

 
𝑄𝑄
𝐵𝐵

 EE 𝑃𝑃
𝑄𝑄

 

68 benthic 
crustaceans 

2.051 4.39 4.5 22 0.358 0.205 

69 mollusks 2 4.03 4.5 22 0.378 0.205 
70 zooplankton 2 4.124 28.772 84.87 0.263 0.339 
71 phytoplankton 1 12.838 81.7  0.454  
72 benthic algae 1 18.778 3.909  0.497  
73 SAV 1 9.778 9.014  0.365  
74 detritus 1 100   0.275  

 

 

Ecosim  

  Ecosim is the time-dynamic module of EwE, which transforms the static set of 

Ecopath mass-balance equations into a system of coupled differential equations to 

simulate temporal changes in biomass: 

 

𝑑𝑑𝑑𝑑𝑖𝑖
𝑑𝑑𝑑𝑑

= 𝑔𝑔𝑖𝑖�𝑐𝑐𝑗𝑗𝑗𝑗
𝑗𝑗

−�𝑐𝑐𝑖𝑖𝑖𝑖
𝑗𝑗

+ 𝐼𝐼𝑖𝑖 − (𝑀𝑀𝑖𝑖 + 𝐹𝐹𝑖𝑖 + 𝑒𝑒𝑖𝑖) ∙ 𝐵𝐵𝑖𝑖, (19) 

 

where 𝑔𝑔𝑖𝑖 is the net growth efficiency of group 𝑖𝑖; 𝐼𝐼𝑖𝑖 is the biomass immigration rate; 𝑀𝑀𝑖𝑖  is the 

nonpredation mortality rate; 𝐹𝐹𝑖𝑖  is the fishing mortality rate; 𝑒𝑒𝑖𝑖 is the emigration rate; and 𝐶𝐶𝑖𝑖𝑖𝑖 

the consumption rate of group 𝑖𝑖 by group 𝑗𝑗.  

To allow the model groups to respond to changes in salinity and temperature, 

response curves were developed and included. Frequency distributions of model groups 

from the fisheries-independent monitoring data were evaluated against salinity and 

temperature, and the absolute minimum, minimum preferred, maximum preferred, and 

absolute maximum value for each driver were determined to make trapezoid-shaped 

response curves. The minimum preferred and maximum preferred represent the 10th and 

90th percentiles, respectively. In the trapezoid-shaped response curves, the absolute 

minimum is the left bottom, the minimum preferred is the left top, the maximum preferred 
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is the right top, and the absolute maximum is the right bottom (Table 5). Since these 

response curves are akin to HSIs, no new response curves were created for oysters in this 

way, and the above-described HSI’s were applied directly to the oyster spat, seed and sack 

groups.  
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Table 5. Trapezoidal response curve values for salinity and temperature. Values indicate the left bottom (LB), left top (LT), 
right top (RT), and right bottom (RB) of a trapezoid in the unit of the parameter. Sources are indicated to the right of each 
set of values, where A = pooled agency data from ADCNR, LDWF, MDMR, and SEAMAP; A1 = pooled agency data from 
ADCNR, LDWF, MDMR, and SEAMAP. Due to the absence of data from fish surveys on lengths of individuals > 3yrs, the 
menhaden 3yr data and trapezoid vertices were used for the 4yr individuals; B = Aquamaps; B1 = Aquamaps. Due to the 
absence of data on adult gulf sturgeon, data for adult Atlantic sturgeon were used; C = Pooled data from literature 
searches; D = Hijuelos et al. (2016); D1= Hijuelos et al. (2016) largemouth bass HSI use for sunfishes as well; E = Nepal & 
Fabrizio (2019); F = Murray (pers. communication); G = Phyto’pedia (2012). *The HSIs described earlier in the report were 
used for oysters. 

Group Name Salinity Temperature 
LB LT RT RB Source LB LT RT RB Source 

juvenile large 
coastal sharks 

0.1999 0.6999 35.950 36.46 A 13.9 14.68 27.374 28.570 A 

adult large 
coastal sharks 

19.16 32.1 36.23 39.08 B 12.4 20.61 27.72 32.22 B 

juvenile dolphins 1 15 23 32 A 8 16 28 32 A 
adult dolphins 3.42 31.97 36.5 40.11 B 0 8.65 26.65 40.15 C 
juvenile small 
coastal sharks 

4.889 30.706 36.47 38.56 A 14.13 20.19 28.772 30.8 A 

adult small 
coastal sharks 

0.3 31.14 36.822 37.06 A 12.59 19.181 27.767 31.3 A 

juvenile large 
pelagics 

0 2.799 30.32 39.94 A 1.5 18.4 30.5 39.9 A 

adult large 
pelagics 

0.1 4.619 36.22 37.59 A 11.7 19.196 31.3 34.3 A 

juvenile small 
pelagics 

0 3.099 31.84 40 A 0 16.7 30.7 39.9 A 

adult small 
pelagics 

0.0999 26.36 36.45 39.04 A 9 19.704 27.8 34.6 A 

juvenile red 
snapper 

0.1999 30.49 36.32 39.89 A 1.6999 21.83 28 39.9 A 

adult red 
snapper 

18.940 30.610 36.19 39.46 A 11.89 22.97 27.62 31.82 A 

juvenile red 
drum 

0 1.0999 25 39.3 A 4.2999 10.6999 30 35.5 A 

adult red drum 0.0999 3.7999 26.0999 36.65 A 7.3999 11.0999 26.2999 31.7999 A 
juvenile black 
drum 

0 1.0999 22.6999 36.6 A 2.6999 10.3999 30.5999 36 A 

adult black drum 0.0999 2.43994 30.824 34.78 A 9.5999 12.7199 25.6599 31.4 A 
juvenile spotted 
seatrout 

0 1.7999 22.5 38.3999 A 1.6999 10.3999 29.2999 39 A 

adult spotted 
seatrout 

0 6.5 25 34 A 2.2999 12.7999 28.6999 32.8 A 

juvenile other 
seatrout 

0 1.5999 23.2999 40 A 0 21.0999 31.1999 39.8999 A 

adult other 
seatrout 

0 3.8999 35.77 40 A 1.5 19.48 30.5 35.8999 A 

juvenile 
sciaenids 

0 1.6999 25 40 A 0 16.2 30.4 39.8999 A 

adult sciaenids 0 2.0999 28.92 40 A 0 15.7 30.7999 39.8999 A 
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Group Name Salinity Temperature 
LB LT RT RB Source LB LT RT RB Source 

juvenile 
largemouth bass 

0 0.5 5 24 D 2.8 25.7 31.7 35.5 A 

adult largemouth 
bass 

0 0.5 5 24 D 2.8 29 30.16 35.5 A 

juvenile gulf 
sturgeon 

0.2 0.7 20.7399
1 

31.8 A 10.6 12.19 23.51 27.8999 A 

adult gulf 
sturgeon 

18.97 22.78 35.94 36.53 B1 0 6.31 22.39 34.45 C 

juvenile blue 
catfish 

0 0 11.557 17.671 E 3.3999 13.5999 30.3999 38 A 

adult blue 
catfish 

0 0 13.654 20.058 E 7.8999 13.7199 24.38 27.0999 A 

juvenile sea 
catfish 

0 2.6999 23.7999 38.3999 A 1.5 20.5999 31.3999 39.8999 A 

adult sea catfish 0 2 23.3999 38 A 0 19.0999 30.9 39.8999 A 
juvenile Atlantic 
croaker 

0 1.0999 21.5 40 A 0 15.7999 30 39.8999 A 

adult Atlantic 
croaker 

0 2 36.19 39.3 A 0 17.26 29.6999 38 A 

juvenile 
southern 
flounder 

0 1.3999 21.7999 39.3 A 0 16.3999 30.7999 37.0999 A 

adult southern 
flounder 

0 1.19999 34.001 37.04 A 6.2999 14.0999 31.1999 35.7999 A 

juvenile near 
coastal 
consumers 

0 2.0999 32.41 39.92 A 1.6999 17.3 31 39 A 

adult near 
coastal 
consumers 

0 1.9 36.03 39.3 A 1.6999 15.2999 30.5 39.8999 A 

rays and skates 0 1.2 23.0999 39.3 A 1.6999 12.8999 30.5 37.5 A 
juvenile 
demersals 

0 2.3999 35.28 40 A 0 16.3 30.2999 39.8999 A 

adult demersals 0.0999 10 36.44 39.81 A 2.5 19.84 30 39.8999 A 
juvenile squid 0 4.5 33.18 40 A 0 16.3999 30.3999 39.8999 A 
adult squid 0 7.2999 36.42 38.62 A 1.5 18.5 30.7999 36 A 
menhaden 0yr 0 0 28 38.01 A 4.2 12.2 29.8 35 A 
menhaden 1yr 1.47 21.8 35.72 37 A 16 21.305 26.95 32 A 
menhaden 2yr 0 21.803 35.63 39.94 A 16 21.305 26.95 32 A 
menhaden 3yr 4 18.2 35.188 36.96 A 11.5 18.664 27.26 32 A 
menhaden 4yr 4 18.2 35.188 36.96 A1 11.5 18.664 27.26 32 A1 

juvenile striped 
mullet 

0 0.7999 21.5 37.2999 A 2.0999 9.2999 30.3 37.1 A 

adult striped 
mullet 

0 2.7599 22.9399
4 

31.6999 A 2.7999 5.2999 22.7999 30.1 A 

juvenile 
sunfishes 

0 0.5 5 24 D 1.2999 12.6 31.0999 38 A 
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Group Name Salinity Temperature 
LB LT RT RB Source LB LT RT RB Source 

adult sunfishes 0 0.5 5 24 D 1.2999 13.0999 31.1999
9 

35.8999 A 

juvenile forage 
fish 

0 1.5 23.2999 40 A 0 15.1999 30.7999 39.8999 A 

adult forage fish 0 3.5 36.11 39.94 A 0 16.5 30.0999 38 A 
juvenile blue 
crab 

0 1.0999 23 40 A 0 15.5999 30.7999 39.8999 A 

adult blue crab 0 1.1999 21.8999 40 A 0 17.5999 31.2999 39.8999 A 
juvenile brown 
shrimp 

0 2 22.2999 40 A 0 21.2999 30.4 39.8999 A 

adult brown 
shrimp 

0.0999 12.2999 36.46 40 A 6.8 20.2 29.5 35.8999 A 

juvenile white 
shrimp 

0 1.6999 23.5 39.3 A 0 15.5999 31.0999 39.8999 A 

adult white 
shrimp 

0 1.6999 25.8999 40 A 0 19.0999 30.3 38 A 

jellyfish 0.2 4.2 32 38 A 6.3 13.4 30 34.2 A 
oyster spat           
seed oyster           
sack oyster           
oyster drill 16.66 25 31.829 36.05 A 14.1 18.9 28.7 29.7 A 
grass shrimp 0 2 20 40 F 0 11.6999 29.5999 39.8999 A 
benthic crabs 0 2.7999 30.1999 40 A 2.0999 13 29.7999 35.8 A 
zoobenthos 1 24 35 38 A 6.4 15.9 29.1 35.8 A 
benthic 
crustaceans 

5.5 7.01 26.7 27.3999 A 9.77 13.99 25.42 28.41 B 

mollusks 0 1.2999 19.0999 39.04 A 3 11.5999 30.5 34.6999 A 
zooplankton 19.99 30.06 36.17 38.13 B 8.93 15.61 26.72 31.69 B 
phytoplankton 19.59 21.4085 35.9565 37.775 G -1.541 1.5599 26.3671 29.468 G 
benthic algae 3.85 32.473 35.924 40.57 B -2 19.627 26.389 33.65 B 
SAV 14.99 33.6 36.05 38.51 B 8.13 22.944 28.152 32.38 B 

 

 

Calibration 
The model was calibrated in Ecosim before the scenario runs were performed. 

During calibration, the model’s biomass and landings outputs were fitted to observed 

biomass, landings, and fishing mortality for all groups with available data. In Ecosim, 

model fitting works by adjusting the vulnerability exchange rates related to predation and 

fishing until the outputs align closely with observations. This process continues until the 

model minimizes the sum of squared deviations (SS) between observed log-biomass 
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values and produces the lowest AIC score, resulting in the model that best reproduces 

historical biomass trends (Christensen et al., 2008).  

Calibration was performed from 2000 – 2017 by fitting the biomass predicted by the 

model to time series of field observed biomass derived from the combined ADCNR, LDWF, 

MDMR, and SEAMAP fisheries-independent monitoring surveys for the species with 

biomass in the Ecopath model based on those data. Due to the high variability of 

monitoring data, LOESS (locally estimated scatterplot smoothing) curves were fitted to the 

raw data, and those values served as observations. For species biomass based on stock 

assessment data in the Ecopath model, stock assessment data on biomass and fishing 

mortality (when targeted) were used for calibration (large coastal sharks, bottlenose 

dolphin, red snapper, red drum, black drum, Gulf menhaden, brown shrimp, white shrimp). 

For those groups targeted with a fishery in the model, predicted landings were calibrated 

with reported fisheries landings. A time series from 2006-2017 based on the MDMR oyster 

survey data was used to calibrate oyster spat, seed and sack biomass. A biomass value for 

the year 2000 was generated using a surplus production model with the landings data to 

have the observed time series start at the start of the model run. 

Environmental drivers and responses were included in the calibration process. The 

total nitrogen load measured by USGS at Tarbert Landing was used as a primary 

productivity driver applied to all primary producers in the model (Figure 8). The values are 

normalized to 1 in the first year so that just the trend drives the primary production. The 

msbCOAWST model was used to create an 11-year climatological average of the model 

area of temperature and salinity based on years 2011-2020. This climatology output, 

averaged over the model domain, was used to create a time series of average 

environmental conditions from 2000 to March 2015. The salinity and temperature were 

hindcasted with msbCOAWST to April 2015, so starting in April 2015, the resolved 

temperature and salinity model output was used up to December 2017. The model-

generated salinity and temperature drivers were created in this way from 2000-2017 (Figure 

9). Since the salinities created in this way are higher than what is generally experienced at 

the oyster reefs (because it is the average of the whole model area including the Mississippi 
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Bight), additional time series were created using MDMR field measurements of 

temperature and salinity at Pass Marianne Reef. For these field-based environmental 

drivers, multi-year averages were used for months that did not have any measured data. 

Since the oyster monitoring program started in 2006, and the salinity and temperature data 

collected during this survey were used, the average for each month of data collected from 

2006 to 2016 was applied to the years 2000 to 2005. From 2006 to 2017 the field data 

collected during each month were used. When there was a month that had no 

measurement, the average of 2006-2016 was used. This resulted in salinity and 

temperature environmental drivers from 2000 to 2017 (Figure 9). The field-based 

environmental drivers were applied to all species that have trophic interactions with 

oysters. These field data were not suitable for the species that occupy the Mississippi 

Bight, which is why these two sets of environmental drivers were used. Environmental 

drivers were provided on a monthly time step to all organisms in the model. 

 

 

 

 

 

 

 

 

 

Figure 8. The primary productivity driver in Ecosim based on total nitrogen load measured in the Mississippi River at 
Tarbert Landing, MS.  
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Figure 9. Salinity and temperature drivers used to calibrate the model. Panel A shows the salinity measured at the western 
reef sites by MDMR from 2000-2017, panel B the msbCOAWST model-generated salinity averaged over the model domain. 
Panel C shows the temperature measured at the western reef sites by MDMR from 2000-2017, panel D the msbCOAWST 
model-generated temperature averaged over the model domain. 

 

Oysters do not directly respond to the monthly salinity and temperature values 

loaded in Ecosim. Instead, the HSIs described above are calculated from the daily 

temperature and salinity values (using the MDMR field data), and those daily HSI’s are 

averaged by month. The resulting monthly HSI values for temperature and salinity for spat, 

seed and sack oysters were then loaded as drivers and applied to the three oyster life 

stages respectively with a 1:1 relationship. The habitat capacity model in Ecosim takes the 

product of each species-specific habitat suitability score, which means that interactions 

between temperature and salinity are included in the model (Christensen et al., 2014). 

Based on previous work, food availability can serve as a limiting factor to oysters in the 

Mississippi Sound (Klein et al., 2024); therefore a foraging anomaly was applied to all three 

life stages of oysters during the calibration process (Bentley et al., 2024; Serpetti et al., 

2017). 
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 The calibration process reduced the total sum of squared difference between 

predicted and observed from 16088 to 667 (AIC reduced from 3141 to -398). Very good fits 

were obtained for biomass of oyster spat and landings of sack oysters (Figure 10).  

 

Figure 10. Calibration plots of spat, seed, and sack oyster biomass and landings. The circles are observed values, and the 
lines are predicted values. The SS indicates the sum of squared difference between observed and predicted.  

  

The oyster survey started in 2006, so the poor fits of seed and sack oysters are a 

result of a lack of data from 2000-2005 in these calibration runs. Of the different life stages, 

spat most strongly responded to changes in environmental conditions and thereby had a 

better fit to observations. In the model the life stages are linked with a von Bertalanffy 

growth function, so the initial biomass of the seed and sack oyster will be determined by 

the biomass of spat, which means that having the leading stanza fit observations well will 

result in reasonable biomass predictions for the linked stanzas. Since spat is the most 

sensitive settled life stage to environmental conditions, and oyster landings are most 

informative regarding oysters as a resource, the good fits of spat biomass and sack oyster 
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landings make this a skillful model for the intent of determining salinity thresholds for 

oyster survival.  

Tipping Point Evaluation 
 To determine the ecological tipping point of eastern oyster, defined as where 

mortality is so high that recovery is severely impaired, we analyzed the MDMR oyster field 

surveys from 2006 to 2022. Oyster mortality was evaluated for each settled oyster stanza: 

spat, seed, and sack oysters. To create a common metric between the field data and the 

Ecosim model simulations, we translated the percent mortality observed in the field into a 

percent biomass loss. Biomass loss was evaluated for each oyster life stage – spat, seed, 

sack – as B(t)/B(t-1) ∙100%, where t represents the current year and t-1 the year prior. Oyster 

biomass loss was not evaluated for field survey data for any year t where biomass was not 

measured in year t-1, which excluded 2006 and 2014. Biomass loss per year was averaged 

to determine the mean proportion of biomass loss across the sampling period, using all 

available years. The ecological tipping point for this work was defined as an operational 

threshold rather than a mechanistic ecological limit. Specifically, a tipping point was 

identified when annual biomass declined by more than one standard deviation relative to 

mean biomass loss. This approach incorporates natural interannual variability in oyster 

mortality and identifies anomalously high mortality events relative to those reported in 

MDMR oyster reef field monitoring data. 

  

Model Coupling and Simulation Scenarios 

Oyster reefs 
We focused this project on eight important oyster reefs in Mississippi (Table 6, 

Figure 11) and extracted the environmental conditions from the model scenario outputs 

from those locations. The reefs include the historically most productive reefs in the 

western MS Sound that also receive the highest impact from BCS openings because of 

their proximity to the outfall through the Rigolets. They also include reefs in Biloxi Bay that 
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are further away from the outfall and are already being used as potential relocation sites 

when adverse conditions are expected in the western MS Sound.  

Table 6. Model output locations and associated reefs used to evaluate ecological tipping points model runs. 

Reef Name Abbreviation Latitude Longitude Reef Area 

(km2) 

Reef Depth 

(m) 

Biloxi Bay BB 30.39598677 -88.84509582 0.571 1.46 

Buoy Reef BR 30.25212087 -89.17911282 0.192 3.63 

Henderson 

Point 

HP 30.28231365 -89.27444096 5.240 3.56 

Pass Christian PC 30.27883611 -89.27336744 3.776 3.01 

Pass Marianne PM 30.24846241 -89.25969221 8.310 3.12 

Pelican Reef PR 30.20950553 -89.23477117 0.408 1.98 

Shearwater SH 30.39365548 -88.82287209 0.128 1.59 

Telegraph Reef TR 30.21764475 -89.28028625 5.032 2.80 
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Figure 11. Locations of Mississippi oyster reefs that are the focus of this study.  

Physical model 
The msbCOAWST model was used to simulate scenarios based on “hindcasts” - 

flow conditions (river flow as well as BCS release) that have occurred in past years - to 

reduce uncertainty about what the environmental conditions are during BCS release 

events. To make the scenarios comparable and focused on the effects of the various BCS 

opening strategies, the atmospheric forcing for 2018 was consistently applied, and the BCS 

diversion was initiated at the same time in each scenario. Details on the physical model 

runs are provided in a separate report. These historical openings reflect seven 

hydrodynamic model scenarios, detailed below and characterized in Table 7, Figure 12. 

1. Scenario 1: The first scenario recreates the 2011 opening, which spanned 43 

days with a total freshwater discharge volume of 329.6% of Lake Pontchartrain.  
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2. Scenario 2: The second scenario recreates the 2018 opening, which spanned 21 

days with a total freshwater discharge volume of 86.6% of Lake Pontchartrain. 

3. Scenario 3: The third scenario recreates the 2019 first opening (2019A), which 

spanned 43 days with a total freshwater discharge volume of 219.5% of Lake 

Pontchartrain. 

4. Scenario 4: The fourth scenario recreates the 2019 second opening (2019B), 

which spanned 79 days with a total freshwater discharge volume of 346.9% of 

Lake Pontchartrain. 

5. Scenario 5: The fifth scenario recreates the combined 2019 openings (2019Full), 

which spanned 122 days with a total freshwater discharge volume of 566.4% of 

Lake Pontchartrain. 

6. Scenario 6: The sixth scenario recreates the river inflow only from the 

climatology (average conditions based on 2011-2020), without BCS openings. 

7. Scenario 7: The seventh scenario recreates the 2020 opening, which spanned 29 

days with a total freshwater discharge volume of 59.9% of Lake Pontchartrain.  

The resulting bottom salinity and temperature output from running these scenarios 

with the hydrodynamic model (Figures 13 and 14) was applied to the habitat suitability and 

ecosystem models, to determine suitability and ecological tipping points for oysters within 

the Mississippi Sound. 

Table 7. BCS operations used for hydrodynamic model experiments to inform water temperature and salinity for Ecosim 
model runs. Scenario 2019A: first 2019 opening; Scenario 2019B: second 2019 opening; Scenario 2019Full: 2019 with 
both the first and second openings; Scenario 2019 RO: 2019 with rivers-only forcing and no BCS operations. 

Opening 
Scenario 

Opening 
Duration 
(days) 

Opening 
Volume (% 
Lake 
Pontchartrain) 

Avg. 
Discharge 
(m3/s) 

Est. Total 
Discharge 
(km3) 

Volume/Intensity 
Category 

2011 43 329.6 5891 21.9 Extreme 
2018 21 86.6 3035 5.8 Below Average 
2019A 44 219.5 3967 15.1 Above Average 
2019B 79 346.9 3374 23 Extreme 
2019Full 123 566.4 3587 38.1 Extreme 
2020 29 59.9 1536 3.98 Lowest 
2019 RO NA NA NA NA NA 
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Figure 12. Duration (days of operation) and diverted river volume (as percentage of Lake Pontchartrain) of historic BCS 
operations used for the hydrodynamic model scenarios.  

 

 
Figure 13. Bottom salinity output from the msbCOAWST model scenarios at the eight different reefs we have included in 
our research. The colors refer to the different model scenarios described in the report. Field reference is the average 
salinity measured at Pass Marianne in 2018.  
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Figure 14. Bottom temperature output from the msbCOAWST model scenarios at the eight different reefs we have 
included in our research. The colors refer to the different model scenarios described in the report. Field reference is the 
average temperature at Pass Marianne in 2018.  

 

Habitat suitability 
Index score calculations for all HSI analyses were performed based on 

msbCOAWST model estimates of surface and bottom salinity within the model domain 

according to the seven (7) different BCS historical releases simulated via hydrodynamic 

model scenarios described above. For each hydrodynamic model experiment, mean 

monthly, weekly, and daily values of salinity (at the surface and just above the bottom) were 

extracted from the hydrodynamic model solution at the eight (8) oyster reef locations 

described above (Biloxi Bay, Buoy Reef, Henderson Point Reef, Pass Christian Reef, Pass 

Marianne Reef, Pelican Reef, Shearwater Reef, and Telegraph Reef) in order to resolve the 

daily evolution of habitat suitability at various historically- and economically-important 

oyster reef locations within the Mississippi Sound. In each case, HSI analyses were 

performed for each modeled age-class of oyster in specific response to their respective 

sensitivities to salinity – particularly with respect to their tolerance(s) for low salinity waters 

associated with the modeled BCS releases. All HSI analyses were conducted against the 
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conceptual backdrop of the timing, duration, and magnitude of freshwater discharge 

introduced to the model domain from the Bonnet Carré Spillway according to the historical 

cases modeled. 

In each case, HSI analyses were performed for each modeled age-class of oyster in 

specific response to their respective sensitivities to salinity. This modeling strategy allowed 

us to investigate temporal and/or spatial gradients of change with respect to habitat 

suitability, induced either from natural vs. anthropogenic impacts to water quality, allowing 

us to compare the calculated index scores using differences between the hydrodynamic 

model solutions to isolate and quantify the relative effects of various historical BCS 

openings on oyster habitat suitability within the Mississippi Sound. 

Ecosim simulations 
The calibration run from 2000 to 2017 preceded each simulation scenario. Bottom 

salinity, temperature and HSI outputs from each msbCOAWST model scenario were 

applied in 2018 in the Ecosim model runs. The year 2018 was chosen because the 

atmospheric conditions of all model runs are representative of 2018. From an ecological 

perspective, 2018 was chosen for that so that the scenarios occur before the catastrophic 

mortality event in 2019, when a change in biomass would be difficult to evaluate since 

biomass was so close to zero. Model runs were performed from 2000 to 2018. The biomass 

loss for each sessile life stage in each model scenario was determined with Ecosim by 

evaluating end/start output biomass, calculated as (B(end_2018)/B(start_2018)) ∙100%. These 

end/start values were compared to the ecological tipping point, defined as one standard 

deviation below the average field mortality in years of biomass decrease. 

Model results were evaluated at the eight geographic points (Table 6), representing 

the location of harvestable oyster reefs within the western Mississippi Sound.
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Results 

Ecological tipping points 
Ecological tipping points for each oyster stanza were calculated as 19.4%, 32.3%, 

and 38.0% of spat, seed, and sack biomass, respectively, remaining after one year. This 

means that recovery of each life stage is severely impaired if over one year the biomass of 

spat, seed oysters, and sack oysters is reduced by 80.6%, 67.6%, and 62% respectively. 

Environmental conditions leading to these ecological tipping points represent unsuitable 

conditions beyond tolerance thresholds for the oysters.  

Ecosim output  
Hydrodynamic model results from the various historical BCS releases tested 

indicated that the age-class of settled oyster that was most sensitive to BCS-induced 

environmental stress was newly-settled spat, for all BCS release scenarios and all reef 

locations tested (Figure 15). While Ecosim model results indicated that seed- and sack-

sized oysters were indeed affected by BCS releases, none of the release scenarios 

(regardless of reef location) provided sufficient evidence that seed or sack oyster 

mortalities had exceeded the threshold of one standard deviation below the average field 

biomass loss, which was the uniform standard used to define the ecological tipping point. 

However, among spat-sized oysters, Ecosim model evidence suggests that among the reef 

locations tested, the spat at Henderson Point, Pass Christian, Pass Marianne, and 

Telegraph Reefs had indeed experienced excessive mortalities from BCS-induced effects 

wrought from the release scenarios of 2011 and 2019 (Figure 15). 
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Figure 15. Ecosim modeling estimates of oyster biomass trends (by age-class) at various reef sites throughout the 
Mississippi Sound in response to the historical BCS release scenarios tested, compared to field reference data. Note the 
horizonal red lines which represent the ecological tipping point for each age-class of settled oyster, calculated as one 
standard deviation below the average field biomass loss for years when mortality occurred. 

 

In fact, the reefs most sensitive/susceptible to the historical BCS release scenarios 

tested were Henderson Point and Pass Christian reefs, where Ecosim model results 

indicate that tipping points for spat oyster mortality had been reached in 2011, the 1st BCS 

opening of 2019 (2019A), the 2nd BCS opening of 2019 (2019B), and of course, throughout 

the entirety of the 2019 BCS releases (2019Full). While spat oysters located at the Pass 

Marianne and Telegraph reef locations had seemingly avoided reaching their ecological 

tipping point despite BCS releases of 2011 and the 1st opening of 2019 (2019A), the 2nd 

opening of 2019 (2019B) did indeed push them beyond their tipping point – a result also 

reflected in the full accounting of 2019 BCS releases (2019Full). At all other reef locations, 

spat mortalities were certainly augmented by the various BCS release scenarios tested (as 
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evidenced by the depressed biomasses), but no others rose to meet our technical 

definition of an ecological tipping point (Figure 15).  

Oysters at the two eastern reefs and at Buoy Reef and Pelican Reef were regularly 

less affected by BCS openings than their western reef counterparts. During the 2019Full 

model runs, for instance, mean annual salinity at Pass Marianne was 7.94±5.80 (SD) ppt, 

while values at Buoy and Pelican Reefs were 13.20±7.18 ppt and 12.64±6.79 ppt, 

respectively. Another interesting finding at Buoy Reef and Pelican Reef is that the scenario 

with only the second 2019 opening (2019B) had a larger impact on oyster biomass at all 

size classes than the scenario with the double 2019 opening (2019Full). The reason for this 

is likely that since all BCS opening scenarios started at the same time of year in the 

msbCOAWST modeling environment, which meant that the longer lasting and higher 

volume second opening occurred earlier in the year than during the 2019Full scenario, 

reducing salinity earlier (Figure 13) which negatively affected oyster spat.  

Oyster spat biomass losses right on the cusp of their ecological tipping point 

include Henderson Point and Pass Christian during the 2018 and 2020 BCS openings, Pass 

Marianne and Telegraph Reef during the 2011 and first 2019 opening (2019A), Pelican Reef 

during the 2nd 2019 opening (2019B), and Shearwater during the full 2019 release 

(2019Full). Scenarios that resulted in a 50% or more biomass loss (poor conditions) for 

spat while not quite reaching the tipping point were 2019Full at Buoy Reef, Biloxi Bay and 

Shearwater. Net 50% biomass loss within one year was also seen among seed and sack 

oysters at Henderson Point and Pass Christian for both the 2019Full and 2019B scenarios, 

and at Pass Marianne during the 2019Full scenario. Oyster spat showed a net loss of 

biomass (commensurate with fair conditions or worse) in all scenarios where the BCS was 

opened, except for the 2018 and 2020 scenarios at Biloxi Bay. Reefs where seed and sack 

oysters also only had net biomass losses when the BCS was opened include Henderson 

Point, Pass Christian, Pass Marianne, and Telegraph Reef. Reefs at other locations (Biloxi 

Bay, Buoy Reef, Pelican Reef, Shearwater) show that a net biomass loss or gain of seed and 
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sack oysters over a year with a BCS opening can depend on the duration and volume of the 

freshwater release (Figure 15).   

The rivers only scenario (2019RO), which represents no BCS openings with 

freshwater inflow only from rivers during unusually wet 2019 conditions, mostly led to a 

gain in biomass (good conditions) for all reefs and life stages, and fair conditions for some 

(spat and seed oysters at Buoy Reef, Pelican Reef, and Shearwater, and only spat at 

Henderson Point and Pass Christian). A comparison between the rivers only scenario and 

the double BCS opening scenario (2019Full) allows for an evaluation of the percent 

biomass loss because of the 2019 BCS openings for each life stage at each reef evaluated. 

The field reference scenario does well for all life stages as well; this is the average salinity in 

the Mississippi Sound in 2018 and not specific to each reef location. This shows that in an 

average year, even with a conservative BCS opening, conditions in the Mississippi Sound 

are on average suitable for oyster growth at all life stages. 

Detailed habitat suitability evaluation 
In order to provide further insights into the timing and intensity of BCS-induced 

effects on spat mortality at each of the most affected reef locations (Henderson Point, Pass 

Christian, Pass Marianne, and Telegraph Reefs) for which Ecosim model results suggested 

a tipping point had been reached, it was necessary to employ a habitat suitability modeling 

approach to resolve the temporal dynamics of the most likely environmental stressor – 

salinity, rather than temperature – that had so negatively affected the habitat suitability of 

spat in response to changing freshwater inventories wrought from BCS releases. Thus, 

hydrodynamic model results of near-bottom salinity were extracted from the various BCS 

release scenarios with daily temporal resolution to not only link the chronology of BCS 

discharges with their commensurate impacts on oyster habitat suitability, but also to 

quantify the number of days the salinity had fallen below the critical threshold of 5.0, the 

lower limit (LL) of habitat suitability among spat oysters (Figure 6). While daily HSISal 

calculations would indicate a habitat suitability score of 0.0 when salinity ≤ 5.0, HSISal 

results by themselves cannot adequately resolve the effects of salinity ≤ 5.0. For that, the 
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results of the ecological model were needed to relate the total number of low-salinity days 

(to represent pulsed, or more acute effects) and consecutive low-salinity days (to represent 

cumulative, or more chronic effects) which were coincident with tipping point(s), across all 

sites and modeled scenarios. 

 Among all BCS release scenarios tested, it was apparent from Ecosim model 

results that spat-sized oysters were the only age-class of settled oyster that had reached 

an ecological tipping point in response to BCS freshwater discharges, specifically in 2011 

and 2019 (Fig. 13). Henderson Point (HP) and Pass Christian (PC) oyster reefs were the 

most susceptible to BCS releases, as evidenced by the multiple scenarios (2011, 2019A, 

2019B, 2019Full) which indicated that a tipping point had been reached for oyster spat. The 

Pass Marianne (PM) and Telegraph Reef (TR) sites were also indicative that a tipping point 

for spat oysters had been reached, although such excessive mortalities were limited to the 

2019 2nd opening (2019B) and double-opening (2019Full) BCS scenarios (Figure 15). 

Upon review of the mean daily values of near-bottom salinity at each reef location 

(Table 8), oyster spat did not seem to reach their respective tipping point until the total 

number of days per year when salinity ≤ 5.0 reached the minimum threshold of at least 96 

days (TR, scenario 2019B; Table 8). This threshold was much lower when considering the 

number of consecutive days of salinity ≤ 5.0, as indicated by the minimum threshold of 59 

consecutive days (HP and PC, scenarios 2011 and 2019A; Table 8). It is also interesting to 

note that the 2019 scenario that explicitly excluded BCS releases (2019RO) indicated that 

although HP, PC, PM, and TR reefs were indeed negatively affected by flooding coastal 

rivers in 2019, the freshwater discharges attributable to the double-opening of the BCS 

(2019Full) created a 5.5-fold increase (17 days → 93 days) in the maximum number of 

consecutive days when near-bottom salinity was ≤ 5.0 at Henderson Point and Pass 

Christian, a 6.3-fold increase (12 days → 76 days) at Pass Marianne, and a 10.9-fold 

increase (7 days → 76 days) at Telegraph Reef (Table 8). 
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Table 8. Hydrodynamic model results from the various BCS discharge scenarios tested, indicating the total number of 
days when mean daily near-bottom salinity ≤ 5.0 (or the maximum number of consecutive days when mean daily near-
bottom salinity ≤ 5.0, in parentheses). Values in bold red indicate those BCS scenarios (and oyster reef locations) where 
oyster spat mortalities were at least one standard deviation higher than mean oyster spat mortality (i.e. the ecological 
“tipping point” for oyster spat). Reef location abbreviations are as follows: BB = Biloxi Bay, BR = Buoy Reef, HP = 
Henderson Point, PC = Pass Christian, PM = Pass Marianne, PR = Pelican Reef, SH = Shearwater, and TR = Telegraph Reef.  
 

 2011 2018 2019A 2019B 2019Full 2019RO 2020 
BB 5 

(3) 
0 

(0) 
0 

(0) 
36 

(36) 
85 

(75) 
0 

(0) 
0 

(0) 
BR 38 

(36) 
17 

(15) 
28 

(24) 
65 

(33) 
95 

(34) 
0 

(0) 
11 

(10) 
HP 109 

(59) 
83 

(57) 
109 
(59) 

117 
(102) 

177 
(93) 

48 
(17) 

85 
(57) 

PC 104 
(59) 

84 
(57) 

104 
(59) 

118 
(102) 

174 
(93) 

45 
(17) 

83 
(57) 

PM 70 
(56) 

51 
(49) 

73 
(57) 

100 
(99) 

147 
(76) 

16 
(12) 

51 
(31) 

PR 40 
(35) 

17 
(14) 

29 
(23) 

61 
(23) 

98 
(48) 

0 
(0) 

14 
(10) 

SH 14 
(14) 

0 
(0) 

0 
(0) 

33 
(29) 

85 
(75) 

0 
(0) 

0 
(0) 

TR 62 
(47) 

49 
(38) 

61 
(46) 

96 
(87) 

144 
(76) 

8 
(7) 

46 
(23) 

 
 

Tipping Point Scenario: 2011 
The 2011 BCS release scenario was characterized by the 43-day opening, with a 

peak discharge rate of 315,930 cubic feet per second (cfs), resulting in a cumulative 

discharge of ~330% Lake Pontchartrain volumes of fresh water into the western Mississippi 

Sound (wMSS). Despite these remarkable discharges in 2011, Ecosim model results 

indicated that the resultant low salinities induced “tipping point” mortality events only 

among spat-sized oysters at the Henderson Point (HP) and Pass Christian (PC) reef 

locations (Fig. 13), although seed- and sack-sized oysters were negatively affected at many 

other locations in the 2011 scenario. HSISal analyses certainly reflect the depression of 

habitat suitability for spat oysters in response to dramatically lower salinities at HP and PC 

caused by the 2011 BCS releases, as indicated by salinities ≤ 5 lasting at these sites for 

more than three consecutive months (Figure 16). 
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Figure 16. Scenario 2011 near-bottom mean daily salinities (top row) and the resultant calculation of HSISal for spat-sized oysters 
(bottom row) at those locations where Ecosim model results indicated a “tipping point” had been reached. Note that color 
shading reflects the ranges of “good” (1.0-0.6), “fair” (0.6-0.3), and “poor” (0.3-0.0) habitat suitability for spat (adapted from 
Volety et al. 2009). 

 

Tipping Point Scenario: 2019A 
The 1st opening of the BCS in 2019 (scenario 2019A) was similar in duration to the 

2011 scenario, lasting 44 days, but discharge rates were lower than in 2011, such that the 

maximum discharge rate only reached 213,000 cfs, resulting in a lower cumulative 

discharge of ~230% Lake Pontchartrain volumes of fresh water released into the wMSS 

compared to the 2011 scenario. Despite lower cumulative discharges of fresh water being 

delivered to the wMSS, Ecosim model results from 2019A were very similar to those of the 

2011 scenario, such that the resultant low salinities induced “tipping point” mortality 

events only among spat-sized oysters at the Henderson Point (HP) and Pass Christian (PC) 

reef locations (Figure 17), although seed- and sack-sized oysters were negatively affected 

at many other locations in the 2019A scenario (Figure 15; again, very similarly to the 2011 

scenario).  
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Figure 17. Scenario 2019A near-bottom mean daily salinities (top row) and the resultant calculation of HSISal for spat-sized 
oysters (bottom row) at those locations where Ecosim model results indicated a “tipping point” had been reached. Note that 
color shading reflects the ranges of “good” (1.0-0.6), “fair” (0.6-0.3), and “poor” (0.3-0.0) habitat suitability for spat (adapted 
from Volety et al., 2009). 

 

Tipping Point Scenario: 2019B 
The 2nd opening of the BCS in 2019 (scenario 2019B) was similar in magnitude to the 

2011 scenario, with a cumulative discharge of ~350% Lake Pontchartrain volumes of fresh 

water released into the wMSS. Although discharge rates were lower than both 2011 and the 

1st opening in 2019, reaching a maximum discharge rate of 161,000 cfs, the duration of the 

2nd opening was nearly double those of 2011 and 2019A, occurring over a span of 79 days 

Thus, Ecosim model results from the 2019B scenario indicated a spatial expansion of 

tipping point mortality events (Figure 18), still occurring only among spat-sized oysters, but 

now occurring at four reef locations: Henderson Point (HP), Pass Christian (PC), Pass 

Marianne (PM), and Telegraph Reef (TR). As with prior scenarios, seed- and sack-sized 

oyster biomass was certainly diminished at all other locations in the 2019B scenario, but 

not to the extent that any tipping points for seed or sack had been reached. HSISal analyses 
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indicated the expected depression of habitat suitability for spat oysters in response to 

dramatically lower salinities of the 2019B scenario, with poor habitat suitability persisting 

across wMSS reefs for 3 (PM, TR) to 4.5 (HP, PC) consecutive months (Figure 18). 
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Figure 18. Scenario 2019B near-bottom mean daily salinities (rows 1,3) and the resultant calculation of HSISal for spat-sized 
oysters (rows 2,4) at those locations where Ecosim model results indicated a “tipping point” had been reached. Note that color 
shading reflects the ranges of “good” (1.0-0.6), “fair” (0.6-0.3), and “poor” (0.3-0.0) habitat suitability for spat (adapted from 
Volety et al., 2009). 
 

Tipping Point Scenario: 2019Full 
The unprecedented double-opening of the BCS in 2019 (scenario 2019Full) 

occurred over a total of 123 days, slightly more than 33% of the calendar year. Although 

peak discharge rates were lower than those witnessed in 2011, the extensive duration of 

the BCS openings throughout 2019 resulted in a total cumulative discharge of ~570% Lake 

Pontchartrain volumes of fresh water released into the wMSS. Despite these extreme 

events, Ecosim model results from the 2019Full scenario did not indicate any “tipping 

point” mortality events any different than those witnessed in the 2019B scenario (Figure 

18), still occurring only among spat-sized oysters at the same four reef locations: 

Henderson Point (HP), Pass Christian (PC), Pass Marianne (PM), and Telegraph Reef (TR). As 

with prior scenarios, seed- and sack-sized oyster biomass was certainly diminished at all 

other locations in the 2019Full scenario, but not to the extent that any “tipping points” for 

seed or sack had been reached. HSISal analyses indicated the expected depression of 

habitat suitability for spat oysters in response to dramatically lower salinities, similar to 

those of the 2019B scenario, although the full expression of the double opening of the BCS 

in the 2019Full scenario did indeed preclude the recovery of near-bottom salinities for a 6-

month period at the most grievously-affected reef sites (HP, PC; Figure 19). Interestingly, 

the pause between the double-openings did result in a short-lived recovery of habitat 

suitability at Pass Marianne (PM) and Telegraph Reef (TR), but it was not enough to alleviate 

the fact that spat had nonetheless reached their tipping point at these reef sites as well 

(Figure 19). 
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Figure 19. Scenario 2019Full near-bottom mean daily salinities (rows 1,3) and the resultant calculation of HSISal for spat-sized 
oysters (rows 2,4) at those locations where Ecosim model results indicated a “tipping point” had been reached. Note that color 
shading reflects the ranges of “good” (1.0-0.6), “fair” (0.6-0.3), and “poor” (0.3-0.0) habitat suitability for spat (adapted from 
Volety et al., 2009). 
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Summary and Conclusions 

BCS operations have led to ecological tipping points for eastern oysters in the 

Mississippi Sound. In the comparative scenarios simulated in this study, the natural forcing 

for all simulations provided by the msbCOAWST model are identical – the same 2018 

atmospheric forcing, the same climatological riverine forcing, and the same 2018 open 

boundary conditions. The natural climatological riverine input is representative of typical 

conditions based on recent climatology covering the years 2011-2020 to isolate the 

influence of different BCS operations. The double opening of the spillway in 2019 severely 

affected oyster biomass, with the modeled double opening scenario leading to the lowest 

oyster biomass values at six of the eight Mississippi oyster reefs included in this study 

(Biloxi Bay, Henderson Point, Pass Christian, Pass Marianne, Shearwater and Telegraph 

Reef). At Buoy Reef and Pelican Reef, the scenario with the second opening of the spillway 

right at the start of the scenario led to the lowest oyster biomass.  

By analyzing the data from MDMR’s field oyster monitoring program, the ecological 

tipping points were determined to be when spat loses 80.6% of biomass in a year, seed 

oysters lose 67.7% in a year, and sack oysters lose 62% in a year.  Ecological tipping points 

occurred for oyster spat during the 2011 BCS opening scenario, the 1st 2019 BCS opening 

scenario, the 2nd 2019 BCS opening scenario, and the 2019 BCS double opening scenario at 

Henderson Point and Pass Christian reefs. This includes scenarios where the BCS was 

open for 43 days with a total freshwater discharge volume of 329.6% of Lake Pontchartrain 

(2011), the BCS was open for 43 days with a total freshwater discharge volume of 219.5% 

of Lake Pontchartrain (2019A), the BCS was open for 79 days with a total freshwater 

discharge volume of 346.9% of Lake Pontchartrain (2019B), and the BCS was open for 122 

days with a total freshwater discharge volume of 566.4% of Lake Pontchartrain (2019Full). 

While spat oysters located at the Pass Marianne and Telegraph Reef locations had 

seemingly avoided reaching their ecological tipping point during the 2011 BCS opening 

scenario and the 1st BCS opening scenario of 2019, the 2nd 2019 opening scenario and the 

2019 double opening scenario did result in losses past this ecological threshold. The 
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biomass losses of spat oysters at the other reefs included in this study (Biloxi Bay, Buoy 

Reef, Pelican Reef, and Shearwater) did not go past their tipping point during any of the BCS 

opening scenarios included in this study. This means that the ecological tipping point 

cannot simply be expressed in a volume of freshwater inflow or a duration of the opening; 

the timing of the opening and the location of the reef play a role as well. Other factors that 

we did not examine, such as different atmospheric forcings, are likely to play a role as well 

in what effects a BCS opening has on Mississippi oyster reefs.  

Reefs in the eastern portion of the model domain—Biloxi Bay and Shearwater—were 

less affected by all opening scenarios than reefs in the west, demonstrating proximity 

effects of the opening on oyster mortality. Seed and sack oysters experienced good 

conditions in Biloxi Bay during all BCS openings, indicating that Biloxi Bay is a good relay 

location when a BCS opening appears inevitable. Additionally, as evidenced by lower 

mortality at Buoy Reef and Pelican Reef compared to Henderson Point, Pass Christian, 

Pass Marianne, and Telegraph Reef, reefs that are a few kilometers east of the western reefs 

may already have lessened proximity effects from the BCS, and are likely protected by 

increased influences from marine waters entering the Sound. The accompanying 

hydrodynamic report can provide insights into how hydrodynamics may have caused this 

difference. Although there were less effects of freshwater inflow on oysters at Buoy Reef 

and Pelican Reef, these reefs are only 0.192 and 0.408 km2, respectively, and not 

historically as productive compared to their larger western Sound counterparts. The 

extreme reductions in environmental quality and oyster biomass experienced at the 

western reefs during long and voluminous BCS discharges are impactful, given that the two 

most historically productive and largest reefs in the Mississippi Sound, Pass Christian and 

Pass Marianne, are western reefs. 

The 2018 and 2020 opening scenarios had the least impact on biomass across all 

size classes at all reefs compared to all other BCS openings scenarios, reflective of the 

shorter duration and lower freshwater discharge volume for these two scenarios. These 

openings did not cause ecological tipping points for any of the size classes at any of the 

reefs and only resulted in poor conditions for spat at two reefs (Henderson Point and Pass 
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Christian), with fair to good conditions at all other reefs for all life stages. Conservative 

spillway operations can therefore result in acceptable effects on oysters in the Mississippi 

Sound. While this study demonstrates that ecological tipping points are specific to size 

classes of oysters and locations of the reefs, the developed models allow us to determine 

ahead of time which reefs are most likely to be affected, and to what extent, when a BCS 

opening is proposed in future years. Our current results should be viewed as representing 

the minimum expected ecological impact of spillway operations, with future modeling 

efforts needed to fully incorporate the impacts of nutrient loadings, hypoxia, and sediment-

related stressors for a more complete understanding of BCS effects. The shortest opening 

duration when a tipping point had been reached for spat was 43 days, and the smallest 

discharge volume when a tipping point had been reached for spat was 219.5% of Lake 

Pontchartrain based on historic opening scenarios. Using the information from the 

scenarios we have run in this study, a BCS opening duration up to 29 days (2020) with a 

total freshwater discharge volume up to 86.6% of Lake Pontchartrain (2018) would allow for 

oyster biomass losses to remain above their ecological tipping points for all life stages at all 

reefs included in our study. 
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Appendix 

Environmental Response Thresholds for Eastern Oyster (Crassostrea 
virginica) 
Table A1. Temperature response thresholds among various age classes of the eastern oyster (Crassostrea virginica) in productive 
U.S. Gulf and Atlantic reef areas (n.d. = no data). 
 

Life Stage Temperature (°C)  
Minima 

Temperature (°C) 
Optima 

Temperature (°C) 
Maxima 

Larv n.d. b2007 
15.0 d1964 
15.0 d1993 

15.3 l1975 

17.5 n2007 

20.0 - 30.0 b2007 
27.5 - 32.5 d1964 
32.0 - 35.0 d1993 

32.1 - n.d. l1975 

20.0 - 32.5 n2007 

n.d. b2007 
37.5 d1964 
n.d. d1993 

n.d. l1975 

n.d. n2007 
    
Spat 8.0 c2005 

n.d. h1990 

20.0 h2014, s1986 

25.0 - 29.0 c2005 

n.d. - n.d. h1990 

25.0 - 30.0 h2014, s1986 

46.0 c2005 

32.0 h1990 

n.d. h2014, s1986 

  6.0 l2016 n.d. - n.d. l2016 32.0 l2016 

    
Seed 6.5 b2007 

n.d. c1983 
8.0 c2005 

n.d. h1990 

6.0 l2016 
n.d. n2007 

20.0 - 30.0 b2007 

20.0 - 30.0 c1983 

25.0 - 29.0 c2005 

n.d. - n.d. h1990 

n.d. - n.d. l2016 

20.0 - 30.0 n2007 

42.0 b2007 

34.0 c1983 

46.0 c2005 

32.0 h1990 

32.0 l2016 

36.0 n2007 

    
Sack 
 

6.5 b2007 
5.0 c1983 

20.0 - 30.0 b2007 

20.0 - 30.0 c1983 
42.0 b2007 

34.0 c1983 
 
 
 
 
 
 

8.0 c2005 

1.0 g1964 
n.d. h1990 

1.0 h2014, s1986 

6.0 l2016 
n.d. n2007 

25.0 - 29.0 c2005 

n.d. - n.d. g1964 
n.d. - n.d. h1990 

20.0 - 30.0 h2014, s1986 

n.d. - n.d. l2016 

20.0 - 30.0 n2007 

46.0 c2005 

36.0 g1964 
32.0 h1990 

49.0 h2014, s1986 

32.0 l2016 

36.0 n2007 

    
Sources: b2007Barnes et al. (2007); c1983Cake (1983); c2005Cerco & Noel (2005); d1964Davis & Calabrese (1964); d1993Dekshenieks et al. 
(1993); g1964Galtsoff (1964); h1990Hofstetter (1990); h2014Hijuelos et al. (2014); l2016Linhoss et al. (2016); n2007NOAA Technical Report 
F/SPO-88 (2007); s1986Stanley & Sellers (1986) 
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Table A2. Salinity response thresholds among various age classes of the eastern oyster (Crassostrea virginica) in productive U.S. 
Gulf and Atlantic reef areas (n.d. = no data). 
 

Life Stage Salinity  
Minima 

Salinity 
Optima 

Salinity 
Maxima 

Larv 5.0 b2007 20.0 - 29.0 b2007 35.0 b2007 
 6.2 d1964 

5.4 l1975 
5.0 d1993 

n.d. d1996 

5.0 g1964 

20.4 - 27.5 d1964 

19.0 - n.d. l1975 

17.5 - 32.0 d1993 

17.5 - 25.0 d1996 

12.5 – n.d. g1964 

n.d. d1964 

n.d. l1975 
n.d. d1993 

n.d. d1996 

n.d. g1964 
 
Spat 5.0 b2007 

4.0 c2005 

n.d. h1990 

5.0 h2014, p1995 

6.0 l2016 
5.0 v2012 

12.0 - 27.0 b2007 

10.0 - n.d. c2005 

15.0 - 30.0 h1990 

8.0 - 15.0 h2014, p1995 

12.0 - 27.0 l2016 
7.5 - n.d. v2012 

>35.0 b2007 

n.d. c2005 

n.d. h1990 

39.0 h2014, p1995 

n.d. l2016 
n.d. v2012 

    
Seed  5.0 b1954, c1983 

5.0 b2007 

4.0 c2005 

n.d. e1977 
5.0 g1955, g1964, s1971 

n.d. h1990 

2.0 h2014, p1995 

10.0 - 20.0 b1954, c1983 

14.0 - 28.0 b2007 

10.0 - n.d. c2005 

10.0 - 30.0 e1977 

n.d. - n.d. g1955, g1964, s1971 

15.0 - 30.0 h1990 

8.0 - 15.0 h2014, p1995 

40.0 b1954, c1983 

40.0 b2007 

n.d. c2005 

n.d. e1977 
40.0 g1955, g1964, s1971 

n.d. h1990 

43.5 h2014, p1995 
 6.0 l2016 

5.0 n2007, v2009 
3.5 p1994 

5.0 v2012 

12.0 - 27.0 l2016 
14.0 - 28.0 n2207, v2009 
7.5 - n.d. p1994 

7.5 - n.d. v2012 

n.d. l2016 
42.0 n2007, v2009 

n.d. p1994 

n.d. v2012 
    
Sack 5.0 b1954, c1983 10.0 - 20.0 b1954, c1983 40.0 b1954, c1983 

 
 
 
 
 
 
 
 

5.0 b2007 

4.0 c2005 

n.d. e1977 
5.0 g1955, g1964, s1971 

n.d. h1990 

2.0 h2014, p1995 

6.0 l2016 
5.0 n2007, v2009 
3.5 p1994 

5.0 v2012 

14.0 - 28.0 b2007 

10.0 - n.d.c2005 

10.0 - 30.0 e1977 

n.d. - n.d. g1955, g1964, s1971 

15.0 - 30.0 h1990 

14.0 - 30.0 h2014, p1995 

12.0 - 27.0 l2016 
14.0 - 28.0 n2207, v2009 
7.5 - n.d. p1994 

7.5 - n.d. v2012 

40.0 b2007 

n.d. c2005 

n.d. e1977 
40.0 g1955, g1964, s1971 

n.d. h1990 

43.5 h2014, p1995 

n.d. l2016 
42.0 n2007, v2009 

n.d. p1994 

n.d. v2012 

 

Sources: b1954Butler (1985); b2007Barnes et al. (2007); c1983Cake (1983); c2005Cerco & Noel (2005); d1964Davis & Calabrese 
(1964); d1993Dekshenieks et al. (1993); d1996Dekshenieks et al. (1996); e1977Eleuterius (1977); g1955Gunter & Geyer (1955); 
g1964Galtsoff (1964); h1990Hofstetter (1990); h2014Hijuelos et al. (2014); l1975Lough (1975); l2016Linhoss et al. (2016); n2007NOAA 
Technical Report F/SPO-88 (2007); p1994Powell et al. (1994); p1995Patillo et al. (1995); s1971Stenzel (1971); v2009Volety et al. 
(2009); v2012VanderKooy (2012) 
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