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Predicting Barrier Island Habitats and Oyster and
Seagrass Habitat Suitability for Various Restoration
Measures and Future Conditions for Dauphin

Island, Alabama

Executive Summary

By Nicholas M. Enwright and Hongging Wang

Barrier islands are subaerial landforms consisting of
wave-, wind-, and (or) tide-deposited sediments located along
parts of coasts on every continent except Antarctica. These
systems provide numerous invaluable ecosystem services
including storm damage reduction and erosion control to the
mainland, habitat for fish and wildlife, carbon sequestration
in marshes, water catchment and purification, recreation, and
tourism. Barrier islands also are critical to estuarine seagrass
and oyster habitats because of their ability to indirectly regu-
late salinity in the adjacent estuarine water bodies and limit
the exposure to high-energy waves. These islands are dynamic
environments that are gradually shaped by currents, waves,
and tides under quiescent conditions yet can evolve in the time
scale of hours to days during hurricanes and other extreme
storms. The ecosystems associated with these islands also face
numerous other hazards, including accelerated sea-level rise
(SLR), oil spills, and anthropogenic stressors, with climate-
related threats predicted to likely increase in the future.

Hurricane Katrina in 2005 and the Deepwater Horizon
oil spill in 2010 are two major events that have affected
habitats and natural resources on Dauphin Island, Alabama.
The latter event prompted a collaborative effort between the
U.S. Geological Survey, the U.S. Army Corps of Engineers,
and the State of Alabama, funded by the National Fish and
Wildlife Foundation, to investigate viable, sustainable restora-
tion measures that reduce degradation and enhance the natural
resources of Dauphin Island, Ala. The overarching goal of the
Alabama Barrier Island Restoration Feasibility Assessment
project was to document baseline conditions and forecast
potential conditions under varying sea-level change and storm
scenarios for a no-action alternative along with a variety of
restoration measures including beach and dune restoration,
marsh and back-barrier restoration, and placement of sand in
the littoral zone.

Restoration and engineering (that is, development of sea-
walls, groins, and breakwaters; beach and dune nourishment
vegetation planting; and marsh restoration) are often executed
to limit issues associated with natural hazards to populated
areas or restore and enhance habitat for fish and wildlife and
(or) recreational use. Typically, the goal for any restoration
effort is to meet a suite of desired objectives while also ensur-
ing natural coastal processes can continue, which can help
maximize the sustainability of the system. Because climate-
related threats to barrier islands are expected to increase in
the future, it is imperative to make decisions about restoration
measures based on the best available knowledge regarding
possible sustainability. In response, the modeling compo-
nent of the Alabama Barrier Island Restoration Feasibility
Assessment project used decadal hydrodynamic geomorphic,
water quality, and habitat modeling to understand how the
various restoration measures may affect the habitat composi-
tion, sustainability, and resiliency of Dauphin Island under
varying potential future scenarios.

Many abiotic factors affect the performance of foundation
plant species, including wave energy, salinity, inundation fre-
quency, sea spray, Aeolian transport, and nutrient availability.
The spatial distribution of these characteristics is a function of
island geomorphology, which therefore plays a critical role in
the distribution of barrier island habitats because foundation
species, such as Spartina patens (Aiton) Muhl. (saltmeadow
cordgrass), Uniola paniculata L. (sea oats), and Pinus elliottii
(slash pine), tend to thrive in certain topographic settings and
(or) disturbance regimes. Although researchers have studied
the relation between landscape position, such as elevation and
distance from shoreline and barrier island habitats, little work
has been done to leverage habitat-landscape-position link-
ages for barrier island habitat prediction. The initial step in
the habitat modeling effort was developing a baseline habitat
map to better understand current conditions and use these data
to help understand the relation between landscape position
and contemporary barrier island habitats. This related effort
was covered in U.S. Geological Survey Open-File Report
2017-1083.

Geocomputational models were developed for each
tidal regime (that is, subtidal, intertidal, supratidal/upland)
to predict barrier island habitats from landscape-position
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information, including elevation, relative topography, and
distance from shore. The habitat modeling effort involved a
three-step process. First, a contemporary habitat model was
developed using landscape information from the best available
high-resolution topography information. Second, the con-
temporary habitat model was calibrated from contemporary
high-resolution topography data to modeled topobathymetry
developed using hydrodynamic geomorphic modeling. Finally,
this calibrated model was used to forecast habitats for future
conditions using simulated decadal hydrodynamic geomorphic
model outputs.

Habitat suitability index (HSI) models can be used as a
screening or risk assessment tool by coastal restoration and
resource managers to efficiently manage restoration activities
to achieve barrier island restoration while also reducing deg-
radation and (or) enhancing the habitat suitability for critical
estuarine and marine species. In addition to spatially explicit
habitat predictions, we used HSI models to forecast habitat
suitability for oysters and seagrass based on water quality
model predictions and information extracted or produced
from the hydrodynamic geomorphic model outputs. We used
literature and expert opinion to develop the initial HSI models.
Both models were calibrated and validated using in situ eco-
logical field data and water quality data.

Results from this effort are included in three chapters
(chapters A—C). Any action in ecosystem restoration, including
the no-action alternative, often has tradeoffs. Another com-
ponent of the Alabama Barrier Island Restoration Feasibility
Assessment project, presented elsewhere, integrates these hab-
itat model results into a structured decision-making framework
that accounts for competing objectives to determine the most
appropriate barrier island restoration measures based on any
given suite of objectives or desired outcomes. Collectively,
this information provides insights to natural resource manag-
ers and planners on how a restoration measure may maintain
or impede natural coastal processes and provides information
critical for making future-focused decisions regarding barrier
island restoration.

Chapter A. Landscape-Position-Based Habitat
Modeling for the Alabama Barrier Island
Restoration Feasibility Assessment at Dauphin
Island

A barrier island habitat prediction model was used to
forecast barrier island habitats (for example, beach, dune,
intertidal marsh, and woody vegetation) for Dauphin Island,
Ala. Forecasts were made to estimate habitat coverage for
future potential island configurations associated with a
variety of restoration measures and varying future conditions
of storminess and sea levels. The habitat model framework
was loosely coupled with decadal hydrodynamic geomor-
phic model outputs to forecast habitats for 2 potential future
conditions related to storminess (that is, “medium” stormi-
ness and “high” storminess based on storm climatology data)

and 4 sea-level scenarios (that is, an increase in sea level

of 0.3 meter [m] between 2030 and 2050 and about 1.0 m
between 2070 and 2128). These SLR scenarios followed two
SLR curves: the U.S. Army Corps of Engineers intermediate
SLR curve (0.7 m by 2100) and high SLR curve (1.7 m by
2100). The hydrodynamic geomorphic modeling was quasi-
static, using an elevated offshore water level to capture effects
of future sea-level increases, and as such did not account for
the dynamic effects of rising sea levels; however, for intertidal
marshes, it was important to factor in the timing of the SLR
because the SLR rate is important for the ability of an inter-
tidal marsh to keep pace with SLR. Thus, we used literature-
based assumptions related to the rate of SLR to account for
potential vertical accretion in intertidal marshes.

We found that restoration measures had the potential to
reduce island breaching and, therefore, maintain acreage of
subaerial habitat types. Intertidal marsh tended to keep pace
with sea level for habitat predictions for scenarios with the
intermediate curve, whereas intertidal marsh was often con-
verted to intertidal flat or open water for habitat predictions for
scenarios with the high SLR curve. The modeling results indi-
cated that areas restored under the marsh restoration measure
were converted to intertidal flat under the scenario with faster
SLR, which indicates that regular nourishment may be neces-
sary to maintain marsh restoration areas, especially if storm
frequency is low and overwash depth is low (that is, minimal
elevation gain through sedimentation from overwash).

Chapter B. Oyster Habitat Suitability Modeling
for the Alabama Barrier Island Restoration
Feasibility Assessment at Dauphin Island

A spatially explicit oyster HSI model was developed for
estuarine waters near Dauphin Island, Ala., for several poten-
tial future island configurations over a decadal period. The
model parameters include salinity, dissolved oxygen, total sus-
pended solid, water depth, and water temperature, which have
all been found to affect oyster growth and mortality. The oys-
ter HSI model was calibrated and validated using available in
situ oyster monitoring data and continuous water quality data.
The oyster HSI model was used to assess the possible effects
of a variety of restoration measures including beach and dune
restoration, marsh restoration, placement of sand in the littoral
zone, and the no-action alternative on habitat suitability for
oysters near Dauphin Island waters for the aforementioned
future conditions related to storminess and sea level. Modeling
results indicated that the proposed Dauphin Island restora-
tion projects tend to have little or no effects on oyster habitat
under the medium storminess and 0.3 m sea-level scenario. In
contrast, the restoration actions, especially beach/dune restora-
tion in front of Katrina Cut (that is, the side facing the Gulf of
Mexico), could positively influence oyster habitat suitability
by reducing the breaching potential under the high storminess
and 1.0 m sea-level scenario. Modeling results indicated that



these restoration actions could maintain barrier island integrity
while also enhancing oyster habitat.

Chapter C. Seagrass Habitat Suitability
Modeling for the Alabama Barrier Island
Restoration Feasibility Assessment at Dauphin
Island

A seagrass HSI model was developed for estuarine waters
near Dauphin Island, Ala., for several potential future island
configurations over a decadal period. Halodule wrightii (shoal
grass) was used as a representative seagrass because this is
the dominant species of seagrass community along the barrier
islands of the Mississippi Sound. Model variables include
water quality parameters (salinity, temperature, water depth,
and total suspended solids or turbidity) and geomorphologi-
cal variable (exposure to wind and waves). The HSI model
was calibrated and validated using available in situ seagrass
monitoring data (height and present cover) and continuous
water quality data. This seagrass HSI model was used to
assess the possible effect of a variety of restoration measures
including beach and dune restoration, marsh restoration,
placement of sand in the littoral zone, and a no-action alter-
native on seagrass habitat suitability for two potential future
conditions related to the aforementioned storminess and sea-
level scenarios. Model results indicated that the beach/dune
restoration project in front of Katrina Cut has the potential to
largely enhance and preserve seagrass suitability under the
high storminess and 1.0 m sea-level scenario because of the
predicted prevention of breaches. Other barrier island restora-
tion projects did not tend to affect the overall habitat suitability
and distribution of seagrass.

Executive Summary

3
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Chapter A. Landscape-Position-Based Habitat Modeling for
the Alabama Barrier Island Restoration Feasibility Assessment

at Dauphin Island

By Nicholas M. Enwright,’ Lei Wang, Hongging Wang,? P. Soupy Dalyander,! Michael J. Osland," Spencer J.
Stelly,® Rangley C. Mickey,' Laura C. Feher,! Sinéad M. Borchert,* and Richard H. Day'

Abstract

Barrier islands are dynamic environments because
of their position along the marine-estuarine interface.
Geomorphology affects habitat distribution on barrier
islands by regulating exposure to harsh abiotic conditions.
Researchers have identified linkages between habitat and
landscape position, such as elevation and distance from shore,
yet these linkages have not been fully leveraged to develop
predictive habitat models. Here, our aim was to deploy a
contemporary barrier island habitat model that used machine
learning algorithms, including K-nearest neighbor and ran-
dom forest, to predict barrier island habitats (for example,
beach, dune, intertidal marsh, and woody vegetation) using
landscape-position information (for example, elevation, rela-
tive topography, and distance from shore) for Dauphin Island,
Alabama. This model framework was loosely coupled with
decadal hydrodynamic geomorphic model outputs to forecast
habitats for two potential future conditions related to stormi-
ness and sea level (that is, 0.3 meter [m] and 0.96 m above
the contemporary sea level). In addition to the potential future
conditions, we explored habitat coverage for a variety of
restoration measures including beach and dune restoration,
marsh restoration, placement of sand in the littoral zone, and a
no-action alternative. The hydrodynamic geomorphic model-
ing was static and did not account for island evolution from
the contemporary sea level to future sea levels; however, for
intertidal marshes, it was important to factor in the timing of
the sea-level rise (SLR) because the SLR rate is important for
the ability of an intertidal marsh to keep pace with SLR. Thus,
we predicted habitats under future sea levels using two SLR
curves (that is, the U.S. Army Corps of Engineers intermediate

'U.S. Geological Survey.
?Louisiana State University.
3Stelly Consulting at the U.S. Geological Survey.

“Borchert Consulting at the U.S. Geological Survey.

SLR curve [0.69 m by 2100] and high SLR curve [1.7 m by
2100]) and used literature-based assumptions to account for
potential vertical accretion in intertidal marshes.

In addition to understanding the habitat composition of
Dauphin Island without restoration, we compared each sce-
nario to the future without action to gauge the relative effect of
the restoration effort. We determined that restoration measures
had the potential to reduce island breaching and, therefore,
maintain acreage of subaerial habitat types. Intertidal marsh
tended to keep pace with sea level for habitat predictions for
scenarios with the U.S. Army Corps of Engineers intermedi-
ate SLR curve, whereas intertidal marsh often was converted
to intertidal flat or open water for habitat predictions for
scenarios with the U.S. Army Corps of Engineers high SLR
curve. Along those lines, the modeling results indicated that
areas restored under the marsh restoration measure were
converted to intertidal flat under the scenario with faster SLR,
which indicates that regular nourishment may be necessary to
maintain marsh restoration areas, especially if storm frequency
is low and overwash depth is low. These results can be inte-
grated into a structured decision-making process to include
information about how restoration measures could positively
or negatively affect habitat resources over time. This informa-
tion can also provide insights to natural resource managers and
planners on how a restoration project may maintain or impede
natural coastal processes and provide information critical
for making future-focused decisions regarding barrier island
restoration.

Introduction

Barrier island habitats, such as beach, dune, woody
vegetation, and intertidal marsh, provide numerous important
ecosystem services including storm surge reduction, wave
attenuation, erosion control to the mainland, habitat for fish
and wildlife, carbon sequestration in marshes, water catchment



and purification, recreation, and tourism (Sallenger, 2000;
Feagin and others, 2010; Barbier and others, 2011). Barrier
islands are dynamic environments that are gradually shaped
by currents, waves, and tides under quiescent conditions yet
can evolve in the time scale of hours to days during hurricanes
and other extreme storms. The ecosystems associated with
these islands also face numerous additional hazards, including
accelerated sea-level rise (SLR), oil spills, and anthropogenic
stressors (Pilkey and Cooper, 2014), with climate-related
threats predicted to likely increase in the future (Knutson and
others, 2010; Hansen and others, 2016). Therefore, natural
resource managers tasked with making future-focused man-
agement decisions often rely on scientific models that predict
what barrier island systems may look like in the future, espe-
cially with regard to morphology (Gutierrez and others, 2015;
Passeri and others, 2018) and habitat for fish and wildlife
(Foster and others, 2017).

Many abiotic factors influence the performance of foun-
dation plant species, including wave energy, salinity, inun-
dation frequency, sea spray, Aeolian transport, and nutrient
availability (Young and others, 2011). The spatial distribution
of these characteristics is a function of island geomorphol-
ogy, which therefore plays a critical role in the distribution of
barrier island habitats because foundation species (Dayton,
1972), such as Spartina patens (Aiton) Muhl. (saltmeadow
cordgrass), Uniola paniculata L. (sea oats), and Pinus elliot-
tii (slash pine), tend to thrive in certain topographic settings
and (or) disturbance regimes (Zinnert and others, 2017).
Researchers have established linkages between barrier island
habitats and landscape-position information, such as distance
from shoreline (Young and others, 2011) and elevation (Young
and others, 2011; Anderson and others, 2016; Foster and oth-
ers 2017; Halls and others, 2018). In a prior study, we built on
these efforts by using machine learning algorithms, such as
K-nearest neighbor and random forest, to develop a geocom-
putational model to make spatially explicit predictions of
barrier island habitats (for example, beach, dune, woody veg-
etation, and intertidal marsh) using landscape-position infor-
mation from 2015 for Dauphin Island, Alabama (Enwright and
others, 2019b). The model was validated using deterministic
accuracy, fuzzy accuracy, and hindcasting (Enwright and oth-
ers, 2019b). We found machine learning algorithms were well
suited for predicting barrier island habitats using landscape
position. For the contemporary model outputs, deterministic
overall accuracy was nearly 70 percent, and fuzzy overall
accuracy was more than 80 percent. For the hindcast model
outputs, the deterministic overall accuracy was nearly 80 per-
cent, and fuzzy overall accuracy was more than 90 percent.

Purpose and Scope

Here, we expand on this work by using the Dauphin
Island habitat model (Enwright and others, 2019b) to predict
habitats using landscape-position information extracted from

Methods 5

the suite of decadal hydrodynamic geomorphic model outputs.
The objective of this effort was to forecast habitat coverage
under future sea levels (0.3 m and about 1.0 m above the
contemporary sea level) and simulated storms for a variety of
restoration measures, including beach and dune restoration,
marsh restoration, placement of sand in the littoral zone, and
a no-action alternative. For more information on the hydrody-
namic geomorphic modeling associated with this effort, see
Mickey and others (2020).

Methods

Study Site and Model Domain

Dauphin Island, Alabama (fig. A1), is on the eastern
end of a 105-kilometer (km) long Mississippi-Alabama,
wave-dominated (McBride and others, 2013) barrier island
chain. The island provides important salinity regulation to
the Mississippi Sound, north of the island, in addition to the
Mobile Bay estuary to the northeast. In 2015, the length of
Dauphin Island was about 25 km, and the subaerial part of
the island was estimated to be about 15.8 square kilome-
ters (km?; Enwright and others, 2019b). Dauphin Island has
diurnal tides with a mean tidal range of about 0.36 m (that is,
mean low water to mean high water), based on observations
during the most recent North American Tidal Datum Epoch
(1983 to 2001) from a National Oceanic and Atmospheric
Administration tide gauge (station identifier 8735180) located
on the eastern end of the island. We developed the model-
ing domain for this study (fig. A1) by buffering the maxi-
mum extent of Dauphin Island shorelines from 1940 to 2015
(Henderson and others, 2017) by 2.5 km. The rationale for
buffering historical shorelines by this distance was so that
the subaerial island footprint would remain within the model
domain even with restoration measures and storm effects,
such as island transgression. We used Esri ArcMap 10.5.1
(Redlands, California) for all spatial analyses.

Barrier Island Habitats

We set our model response variable to be generalized
habitat classes from a geomorphology-based habitat classifi-
cation scheme that was developed for a 2015 Dauphin Island
habitat map (Enwright and others, 2019a; fig. A2; table A1).
The generalizations of the mapping classification scheme
involved combining habitat classes that occupy the same
geomorphic setting but are regulated by factors we did not
include in our model, such as disturbance and habitat succes-
sion. These included combining meadow and unvegetated
barrier flat habitats into a single habitat class (that is, barrier
flat), combining dunes with various vegetative states into a
single class (that is, dune), and, likewise, combining forest and
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Figure A2. Examples of the habitat classes for landscape-position-based habitat prediction for the Barrier Island Restoration
Feasibility project for Dauphin Island, Alabama. The classes are linked to tidal regime (see explanation in lower left corner of the

figure). Reprinted from Enwright and others (2019b) with permission.

scrub/shrub into a single habitat class (that is, woody vegeta-
tion). Each habitat class in the model classification scheme fell
within a specific tidal zone (that is, subtidal, intertidal, supra-
tidal/upland; fig. A2). In this effort, we did not make any pre-
dictions of changes to developed areas. Instead, we assumed
these areas were constant regardless of morphologic change.
The underlying assumption that developed areas would remain
constant was based on historical trends at Dauphin Island;
namely, that currently developed land has not been abandoned
after storm events (that is, housing is rebuilt after damage)
and that currently unoccupied areas (for example, the western
terminus of the island and Pelican Island) have not been devel-
oped over the past several decades. In other words, model
outputs contained the current footprint for developed areas.
We set the spatial resolution of the habitat prediction model to
be 10 m (that is, a grid with cells that were 100 square meters
[m?]). The rationale for selecting 10 m for the model resolu-
tion was to use a spatial resolution that would limit the loss

of narrow habitats and would be compatible with the spatial
resolution of the hydrogeomorphic numerical models that
were used for forecasting geomorphology (Passeri and others,
2018; Mickey and others, 2020).

Model Runs

We predicted habitat coverage for 43 island configura-
tions corresponding to different island states associated with
various environmental scenarios evolving over time. These
configurations corresponded to the 2015 modeled topobathy-
metric digital elevation model (TBDEM), which was used to
calibrate the model framework, along with 12 model outputs
per restoration measure (table A2) for 2 potential scenarios
related to storminess and sea level (Mickey and others, 2020).
The storminess bins included realizations with a “medium”
storminess (that is, ST2) and a “high” storminess (that is,
ST3). As previously mentioned, we predicted habitats under
two future sea levels. These included a sea level of 0.3 m
above the contemporary sea level (that is, SL1) and a sea
level of about 1.0 m above the contemporary sea level (that is,
SL3). Specifically, ST2 was paired with SL1 (that is, ST2SL1)
and ST3 was paired with SL3 (that is, ST3SL3). For more
information on how the storminess and sea-level bins were
selected, see Mickey and others (2020).

The geomorphic modeling effort captured the potential
effects of changes in sea level through the addition of a static
increase in water level for the duration of each decadal model-
ing period, thereby decoupling the imposed sea-level increase
from any specific SLR rate prediction (Mickey and others,
2020). For example, we added 0.3 m to the contemporary sea
level for the SL1 scenario rather than letting that SLR happen
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Table A1.

Dauphin Island, Alabama. Adapted from Enwright and others (2019a, b) with permission.

Descriptions of the classes included in the habitat model for the Barrier Island Restoration Feasibility Assessment project,

Habitat'

Description

Source

Barrier flat

Beach

Developed!
Dune

Intertidal beach

Intertidal flat
Intertidal marsh

Water, estuarine

Barrier flat includes flat or gently sloping supratidal/upland areas that are
located on the backslope of dunes, unvegetated washover fans, and areas
along estuarine shorelines. Barrier flat habitat can be unvegetated or veg-
etated (that is, meadow).

Beach includes bare or sparsely vegetated supratidal areas that are located
upslope of the intertidal beach and marine-water habitats. These habitats
are located along shorelines with high wave energy.

Developed includes areas dominated by constructed materials (that is, trans-
portation infrastructure, residential, and commercial areas).

Dunes are supratidal features developed via Aeolian processes with a well-
defined relative elevation. Dune habitat can be vegetated or unvegetated.

Intertidal beach includes bare or sparsely vegetated intertidal wetlands
located along the ocean-facing side of the island that are adjacent to high-
energy shorelines.

Intertidal flat includes bare or sparsely vegetated intertidal wetlands that are
adjacent to estuarine water and along low-energy shorelines.

Intertidal marsh includes all intertidal wetlands with 30 percent or greater
areal cover by erect, rooted, herbaceous hydrophytes.

Water, estuarine, includes all areas of subtidal water and ponds on the back-
barrier side of the island. These areas rarely have salinity greater than
30 parts per thousand and generally have less than 30-percent cover of

Leatherman (1979), Lucas and Carter
(2010)

Cowardin and others (1979)

Homer and others (2015)

Acosta and others (2005)

Cowardin and others (1979)

Cowardin and others (1979)

Cowardin and others (1979)

Cowardin and others (1979)

vegetation.
Water, fresh

Water, fresh, includes all areas of supratidal/upland water that generally

Cowardin and others (1979)

have less than 30-percent cover of vegetation.

Water, marine

Water, marine, includes all areas of subtidal water located offshore of the

Cowardin and others (1979)

ocean-facing side of the island. These areas are located along high-energy
coastlines and (or) are areas that occasionally experience salinity levels
greater than or equal to 30 parts per thousand and generally have less than

30-percent cover of vegetation.

Cowardin and others (1979), Homer
and others (2015)

Woody vegetation Woody vegetation includes supratidal/upland scrub/shrub and forested areas
where woody vegetation height is greater than about 0.5 meter. Woody
vegetation coverage should generally be greater than 30 percent.

Woody wetland Woody wetland includes all supratidal/upland wetlands dominated by woody

Cowardin and others (1979)

vegetation with a vegetation height greater than about 0.5 meter. Woody
vegetation coverage should generally be greater than 30 percent.

'Developed habitat was not modeled in this effort. We assumed there were no changes in developed areas from the 2015 habitat map.

over a gradual process; however, for intertidal marshes, it was
important to factor in the timing of the SLR because the rate
of increase is important for the ability of an intertidal marsh to
keep pace with the rise in sea level. For each future SL, habitat
predictions were made assuming that the SLR followed the
U.S. Army Corps of Engineers (USACE) high SLR curve (that
is, SLR of 1.7 m by 2100 [not shown]) or USACE intermedi-
ate SLR curve (that is, SLR of 0.7 m by 2100; fig. A3). For
example, habitats were predicted for the ST2SL1 scenario for
a given restoration measure for the USACE high and inter-
mediate curves, respectively (table A3; fig. A3). For context,

a recent report by the National Oceanic and Atmospheric
Administration included six global mean SLR scenarios for

2100: low, intermediate-low, intermediate, intermediate-high,
high and extreme, which correspond to a global mean SLR
0of 0.3 m, 0.5m, 1.0 m, 1.5 m, 2.0 m, and 2.5 m, respec-
tively (Sweet and others, 2017). In summary, our effort made
habitat predictions based on potential island configurations
for 2 storminess scenarios that were paired with 4 sea-level
scenarios (that is, an increase in sea level of 0.3 m by around
2030 [high curve] and 2050 [intermediate curve] and about
1.0 m by around 2070 [high curve] and 2128 [intermediate
curve]). Besides the baseline condition (that is, the 2015 mod-
eled TBDEM), habitats were predicted from geomorphic data
for year 0, year 5, and year 10 for each potential state of the
island under simulated storms and sea level with and without
various restoration measures (Mickey and others, 2020).
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Table A2. Restoration measures for the Alabama Barrier Island Restoration Feasibility Assessment project, Dauphin Island, Alabama.

For more information see Mickey and others (2020).

[R, restoration measure; km, kilometer; m, meter]

Restoration measure

Description

Future without action (R0)

Katrina Cut structure sand berm (R1)
for this measure).

Pelican Island southeast nourishment (R2)

No restoration action.

Sensitivity testing related to the Katrina Cut structure (habitat modeling was not completed

Pelican Island nourishment that extended the island by about 2.6 km to the south of the

present tip of Pelican Island.

Sand Island platform nourishment and
sand bypassing (R3)
in this area.

West and east end beach and dune
nourishment (R4)

Back-barrier tidal flats and marsh habitat
restoration (R5)

West end beach and dune nourishment (R6)

Nourishment of the submerged Sand Island platform that is designed to increase the elevation
to 2 m below mean sea level, which is 5 m higher than some current bed-elevation levels

Nourishment of the beach east of the Katrina Cut and the shorefront area east of Pelican
Island to raise beach and dune elevations by a maximum of about 3.7 m.

Marsh restoration and filling of burrow pits along the back-barrier area of Dauphin Island.

Modified version of the R4 measure, which moved the restored dune area landward with no

sediment nourishment east of Pelican Island.

West end and Katrina Cut beach and dune
nourishment (R7)

Modified version of the R6 measure extends these changes west to the front side of the
Katrina Cut rubble wall structure.

Sea-Level Rise and Intertidal Marsh Accretion

Intertidal marshes have the ability to adjust to SLR
through vertical and (or) horizontal adjustments to their posi-
tion in the landscape. Changes in vertical position (that is,
elevation and inundation frequency) can result from biogeo-
morphic feedbacks among inundation, plant growth, and
sedimentation (Morris and others, 2002; Kirwan and Murray,
2007). Changes in horizontal position can result from land-
ward migration (that is, transgression) of intertidal marshes
into upslope or upriver ecosystems or seaward migration
onto newly deposited sediments (Williams and others, 1999;
Enwright and others, 2016; Woodroffe and others, 2016).

To account for the role of these two adaptation mechanisms
under accelerated SLR for the various alternative restoration
measures, we used our intertidal marsh habitat model in com-
bination with assumptions regarding the potential for vertical
elevation adjustments, erosion, and sedimentation. Dauphin
Island intertidal marshes are dominated by species from differ-
ent plant functional groups, including Fimbristylis spadicea,
Juncus roemerianus, Spartina alterniflora, Paspalum vagina-
tum, and various succulent salt marsh plant species (Enwright
and others, 2017). On barrier islands, marsh responses to SLR
are greatly influenced by geomorphic processes that result

in the erosion, transport, and (or) deposition of barrier island
sediments (Morton, 2008; Moore and others, 2014; Walters
and others, 2014; Vinent and Moore, 2015). Hurricanes and
other storms greatly influence the delivery and accumulation
of inorganic sediments in these marshes (McKee and Cherry,
2009; Smith and others, 2013). Ellis and others (2018) studied
the sedimentological characteristics of 11 push cores from

marshes on Dauphin Island and found these marshes had
a compaction-corrected linear sedimentation rate of about
0.3 centimeter per year (cm/yr) with an interquartile range of
0.2 cm/yr. The Dauphin Island geomorphic model was used
to account for storm-induced sediment deposition and erosion
during the decadal simulations (Mickey and others, 2020).
We used accretion assumptions to predict future landward
migration of intertidal marshes into adjacent upslope ecosys-
tems for SLR increments (that is, moving from current sea
level to 0.3 m or about 1.0 m) and seaward migration onto
newly deposited sediments from overwash events during
decadal geomorphic model runs. Our threshold rate of SLR for
marsh persistence was 1 cm/yr. This rate was selected using
information contained in Kirwan and others (2010, 2016) and
Parkinson and others (2015). The ability of intertidal marshes
to adjust vertically to SLR is lower in microtidal settings like
those present along the northern Gulf of Mexico (Kirwan and
others, 2010, 2016). To account for the potential for exist-
ing intertidal marshes to adjust to SLR via biogeomorphic
feedbacks, we assumed that (1) restoration measures for the
Alabama Barrier Island Restoration Feasibility Assessment
project the elevation of existing marshes would adjust to keep
up with SLR at rates of as much as 1 cm/yr (that is, cumula-
tive accretion in marshes would be the same as the cumulative
SLR); and (2) marsh accretion would not occur once the SLR
rate exceeded 1 cm/yr.

We used the USACE high and intermediate SLR curves
(fig. A3; U.S. Army Corps of Engineers, 2014) to account
for the rate of SLR change. The base year for the SLR curve
was 1992. We determined the rate of SLR per year for each
curve to determine when the 1 cm/yr threshold was exceeded.
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Figure A3. Sea-level scenarios along the U.S. Army Corps of Engineers high and intermediate sea-level rise curves used for
the habitat model for the Barrier Island Restoration Feasibility Assessment project, Dauphin Island, Alabama. The light gray
points depict the 0.3-meter (m) sea-level scenario (thatis, SL1). The white point depicts a 0.5-m sea-level scenario along the
intermediate curve, which was used to estimate intertidal marsh migration potential along the intertidal curve. The dark gray

points depict the ~1.0-m sea-level scenario (that s, SL3).

Because of a rapid SLR rate, the USACE high curve only

had accretion through 2022, whereas intertidal marshes kept
pace with SLR through accretion for nearly the entirety of

the USACE intermediate curve. For scenario nomenclature

in this report, the last letter will be “H” for the high curve

and “I” for the intermediate curve (for example, ST2SL1H
would be the “medium” storminess scenario with a 0.3-m SLR
using the USACE high curve). All plots were developed using
SigmaPlot 14.0.

We developed spatially explicit layers for the application
of accretion. First, we developed an accretion mask for areas
predicted as intertidal marsh for the 2015 modeled TBDEM
(Mickey and others, 2020). Next, we identified “newly”
created intertidal marsh areas via landward migration under
future SLs (that is, areas that were previously supratidal/
upland but are now intertidal because of SLR). Although our
assessment focused on a 0.3-m and 1.0-m SLR, we also mod-
eled habitats for year O for the future without action case with
an SLR of 0.5 m for the intermediate curve to identify inter-
tidal marsh landward migration while moving along this curve

(that is, from 0.3 m to about 1.0 m; fig. A3). In other words,
for habitat prediction for the 1.0-m SLR event using the inter-
mediate SLR curve, intertidal marsh from 2015 accreted about
0.7 m, upslope areas that transitioned to intertidal marsh for
an SLR of 0.3 m accreted about 0.5 m, and upslope areas that
transitioned to intertidal marsh for an SLR of 0.5 m accreted
about 0.3 m. When modeling habitats for the back-barrier tidal
flats and marsh habitat restoration measure (R5), we added the
marsh creation footprints associated with this restoration mea-
sure (Mickey and others, 2020) to the marsh accretion mask.

Topobathymetric Digital Elevation Model
Processing

The geomorphic model predictions are represented using
an irregular Delft3D grid (Mickey and others, 2020). This grid
had a cross-shore spatial resolution of about 5 m for subaerial
areas of the island to about 300 m for subaqueous areas. For
alongshore resolution, the grid had a spatial resolution of
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Table A3. Model runs for the habitat model for the Barrier Island Restoration Feasibility Assessment project, Dauphin Island, Alabama.

For more information on measures, see Mickey and others (2020).

[ST/SL, storminess and sea-level bins; SLR, sea-level rise; R, restoration measure; --, not applicable; ST2SL1, “medium” storminess bin was paired with the
0.3-meter SLR; ST3SL3, “high” storminess bin was paired with the 1.0-meter SLR]

Restoration measure ST/SL SLR curves Time
Katrina Cut structure sand berm (R1) -- -- --
Pelican Island southeast nourishment (R2) ST2SL1 High and Intermediate Years 0, 5, and 10
ST3SL3 High and Intermediate Years 0, 5, and 10
Sand Island platform nourishment and sand ST2SL1 High and Intermediate Years 0, 5, and 10
bypassing (R3) ST3SL3 High and Intermediate Years 0, 5, and 10
West and east end beach and dune nourishment (R4) ST2SL1 High and Intermediate Years 0, 5, and 10
ST3SL3 High and Intermediate Years 0, 5, and 10
Back-barrier tidal flats and marsh habitat ST2SL1 High and Intermediate Years 0, 5, and 10
restoration (R5) ST3SL3 High and Intermediate Years 0, 5, and 10
West end beach and dune nourishment (R6) ST2SL1 High and Intermediate Years 0, 5, and 10
ST3SL3 High and Intermediate Years 0, 5, and 10
West end and Katrina Cut beach and dune ST2SL1 High and Intermediate Years 0, 5, and 10
nourishment (R7) ST3SL3 High and Intermediate Years 0, 5, and 10

about 40 m for subaerial areas and about 100 m for subaque-
ous areas. These data were used to estimate the elevation to
the habitat model points (that is, points with a 10-m spacing)
for each scenario and time step for which habitats were mod-
eled using linear interpolation. We converted these point data
to a 10-m TBDEM. The baseline morphology data were modi-
fied by including the template of the restoration measure(s)
run, as necessary.

The vertical datum for the elevation from the TBDEM
was the North American Vertical Datum of 1988 (NAVD 8§88).
We transformed the vertical datum from NAVD 88 to mean
sea level using relative height differences from the National
Oceanic and Atmospheric Administration tide gauge during
the current North American Tidal Datum Epoch. In doing so,
we assumed the relative difference between NAVD 88 tidal
datums would be similar under future sea-level conditions. For
forecasting habitats for island configurations with potential
future sea levels, we added accretion based on the SLR incre-
ment using the previously described spatially explicit accre-
tion layers.

We extracted the extreme high water springs (EHWS)
shoreline from each TBDEM. The EHWS represents the
upper elevation contour for the intertidal zone (Cowardin
and others, 1979). These shoreline data were generalized to
only include exterior shorelines and converted to points with
a 10-m spacing. A semiautomated process was used to label
shorelines as ocean facing or back-barrier facing. The Delft3D
grid was used to develop points that estimated the center of the
island. These data were developed by analyzing the midpoint
of each cross-shore profile based on island subaerial area.

We used these points to determine whether an area was north
of the island or south of the island. To do this, we calculated
the Euclidean direction from the center variable, recoded this
variable to 1 for directions between 90 and 270 degrees, and

set the value to 0 otherwise. These data were used to assign
the shoreline type (that is, ocean facing or back-barrier facing)
to the shoreline points. The shoreline type was checked and
manually edited, as needed.

Probabilistic Surface Generation

The baseline TBDEM was the result of using Delft3D to
predict geomorphology in 2015 (Mickey and others, 2020).
The TBDEM was validated using light detection and rang-
ing (lidar) acquired with Leica ALS70 and ALS80 sensors in
January 2015 by Digital Aerial Solutions, LLC (Riverview,
Florida), and the U.S. Geological Survey (USGS; see refer-
ences within Mickey and others, 2020). Tidal regimes can
be extracted from TBDEMs; however, elevation uncertainty
should be treated before conducting automated extraction of
elevation-dependent habitats. The level of uncertainty from
data collected with conventional aerial linear lidar systems
is considerable within intertidal areas and can be as high as
60 cm in densely vegetated emergent wetlands (Buffington
and others, 2016; Medeiros and others, 2015). Because of the
lack of detailed error information, the uncertainty of DEMs
is often left unaddressed for habitat mapping efforts, yet the
level of uncertainty becomes critical when studying low-
relief environments where centimeters can make a difference
in the exposure to physically demanding abiotic conditions
(for example, inundation, salt spray, wave energy; Young and
others, 2011; Anderson and others, 2016). We used relative
accuracy information from the 2015 lidar DEM and Real-Time
Kinematic Global Position System observations for Monte
Carlo simulations to develop probability surfaces that indi-
cated the likelihood that a pixel in the TBDEM is either in an
intertidal geomorphic setting or above an extreme water level,



12 Predicting Barrier Island Habitats and Oyster and Seagrass Habitat Suitability for Dauphin Island, Alabama

respectively. For more details on the relative error assessment
and the Monte Carlo simulations, see Enwright and others
(2018, 2019a).

Tidal Zone Determination

As previously mentioned, habitat classes were linked to
tidal zones (fig. A2). We developed an automated process that
used the intertidal probability surfaces to separate the model
domain by tidal zone. First, subtidal areas were those areas
that had an elevation below mean sea level and less than a
50-percent probability of being intertidal. Intertidal areas were
areas with greater than or equal to a 50-percent probability of
being intertidal. We used the connectivity of the raster cells as
defined by the queen’s move rule, which searches for intercon-
nected cells in cardinal and diagonal directions, to remove
isolated low-lying areas from the intertidal zone (Poulter and
Halpin, 2008). Once subtidal and intertidal areas were identi-
fied, the remaining areas, which included the isolated low-
lying areas, were assumed to be supratidal/upland.

Predictor Variables

For each TBDEM, we developed numerous landscape-
position predictor variables based on literature-derived link-
ages of landscape position to barrier island ecology and habitat
distribution (Young and others, 2011; Anderson and others,
2016; Foster and others, 2017; Halls and others, 2018). These
predictor variables were related to elevation and X, Y coor-
dinates (such as proximity and direction; fig. A4). We deter-
mined the value of these predictor variables for each 10-m
pixel in the TBDEM.

We developed direct linkages from the geomorphic
model outputs for three of the predictor variables. The first
linkage was the previously described identification of points
as north or south of the island based on the position relative to
the island centerline. The second linkage from the geomorphic
model outputs was the elevation per model cell. This eleva-
tion parameter was interpolated to the 10-m habitat model grid
from the irregular Delft3D grid (Mickey and others, 2020).
The third linkage with geomorphic model outputs was for the
development of the topographic position index (TPI; fig. A4),
which was first proposed by Weiss (2001). The TPI provides a
scale-dependent measure of relative topography that has been
found to be effective in dune extraction (Enwright and others,
2019b; Halls and others, 2018; Wernette and others, 2016).
The TPI was calculated for each point within the TBDEM but
used the Delft3D grid to take advantage of increased cross-
shore resolution (Mickey and others, 2020). Specifically, TPI
is a measure of local elevation relative to the elevation of grid
cells within a fixed distance (d) of the reference point (x, y)
and is calculated as

MZG0)

z
TPId(xo’yo) - Z(xo’yo)_ N (A1)

The number of grid cells within distance d of the refer-
ence point is denoted by N. For the purposes of subaerial
habitat characterization, only those grid cells with an elevation
greater than —0.5 m were included. The TPI at Dauphin Island
was calculated for d values of 30 m and 100 m. The rationale
to use a scale of 30 m was based on visual inspection when
developing the 2015 habitat map (Enwright and others, 2019a)
and the 100-m TPI could be helpful for identifying ridges and
upper slopes that are broader. Values of TPI,, and TPI, , were
then interpolated to the habitat grid and exported to ArcGIS
format for inclusion in the habitat model. In some cases, the
exclusion of elevations of —0.5 m left gaps in the TPI for
freshwater ponds. These areas were added to the 10-m TPI
predictor variable layers by calculating the TPI for each scale
using the TBDEM in ArcGIS. We determined the elevation
to the south (that is, the high-energy shoreline) by taking the
median of the maximum elevation for three 22-degree wedge-
shaped kernels radiating to the south with radii of 1 km and
8 km. We used hydrological analyses to identify depressions in
the TBDEM by identifying sink depth. Sinks are areas in the
TBDEM where flow is interrupted because of a depression or
noise (O’Callaghan and Mark, 1984).

We determined the Euclidean distance from the back-
barrier shoreline and the ocean-facing shoreline, respectively.
We used the mean sea level for the contemporary habitat mod-
eling effort (Enwright and others, 2019b), but for this effort we
used the EHWS instead because distance from the shoreline
tends to differ from the 2015 modeled TBDEM. This is most
likely from smoothing over Delft3D decadal model runs.

The distance from the Mobile-Tensaw River Delta was a cost
distance, which restricted the distance calculation to subtidal
areas identified from the TBDEMs. To do this, we created a
cost surface that only included subtidal areas (that is, intertidal
and supratidal/upland areas were set to “NoData”).

Habitat Modeling

For each island configuration (table A3), we predicted the
habitat for each 10-m cell using the model framework outlined
in Enwright and others (2019b). The model components for
this framework, including the habitats, predictor variables
with supporting literature, and algorithm used per tidal zone,
are outlined in table A4. This initial model development was
focused on a proof of concept using landscape predictors
that were extracted from actual, best available lidar eleva-
tion and bathymetry data for 2015; thus, the first step was to
calibrate this model framework to the 2015 modeled TBDEM
developed using Delft3D (Mickey and others, 2020). We used
MathWorks MATLAB 2016b (Natick, Massachusetts) for
model fitting and prediction. Similar to the initial framework,
we trained 100 models per tidal zone from 70 percent of the
training set selected by random permutations to avoid overfit-
ting a single model. For each cell, the majority habitat class
of the 100 predictions was chosen as the final prediction. The
intertidal zone and the supratidal/upland zone models were
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Predictor variables for the habitat model for the Barrier Island Restoration Feasibility project, Dauphin Island,

Alabama. Reprinted from Enwright and others (2019b) with permission. [km, kilometer; m, meter]

applied to each cell in the 10-m raster; however, to increase
efficiency of the subtidal zone models, we made predictions
for a 100-m raster and then converted these data to a 10-m
raster using inverse distance weighted interpolation.

Similar to the initial Dauphin Island habitat model frame-
work (Enwright and others, 2019b), the final step of our mod-
eling process was the application of a suite of postprocessing
routines. The first step in this process was smoothing noise by
using a majority filter. The majority filter changes the pixel
value to be the majority value if three of its four orthogonal
neighbors have the same value. In addition to noise reduction,
the postprocessing steps also included several user-defined
constraints based on our theoretical understanding of barrier
island habitats from the literature regarding elevation and X,
Y coordinates (Cowardin and others, 1979; Leatherman, 1979;
Young and others, 2011); for example, relative topography
often differs between restored and natural dunes. Initially,
restored dunes may be less well defined at a 30-m scale com-
pared to natural dunes. For this reason, we added an additional
step to the original model framework postprocessing steps
(Enwright and others, 2019b) to better capture restored dunes.
Although dunes were still predicted using the machine learn-
ing algorithm, we also recoded areas that were upper slopes
and ridges, as defined by the TPI values, to dunes if they were
above the extreme storm water level. This followed a similar
method used by Enwright and others (2019a) for dune habitat
mapping. We only applied this approach to the area south of
the island centerline because of the focus of dune restoration

on the front half of the island and noisy elevation data on the
back half of the island. Additionally, on nonfetch-limited bar-
rier islands, emergent marsh vegetation typically occurs where
wave energy is lower, whereas unvegetated intertidal mudflats
or intertidal beach habitats are more common where wave
energy is higher (Roland and Douglass, 2005). Therefore,
intertidal marsh habitats located along the ocean-facing shore
were changed to intertidal beach habitats. Dune habitats that
were predicted by the habitat model that had a probability of
less than 0.5 for being above the extreme storm water level
were recoded to barrier flats (Enwright and others, 2019a).
These rules were applied in a stepwise fashion (table AS5).
Some of the thresholds used were directly related to tidal
datums (for example, EHWS), whereas others, such as sink
depth, were determined by trial and error with the final value
being selected by visual inspection. Lastly, this process also
included the application of a four-pixel minimum mapping
unit (400 m?). For more details on the modeling development
and validation, see Enwright and others (2019b).

The overall objective of our effort was to understand how
habitat coverage changed with and without various restoration
measures under potential future alternative states of the island
related to storminess and sea level. To provide insights to the
relative effect of each restoration measure, we outlined the
habitat coverage, produced maps for each island configuration,
and summarized the percentage change of selected habitat
types (that is, all but water classes and woody vegetation)
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Table A4. Response variables (that is, habitat classes), predictor variables with supporting literature, and algorithm per tidal zone for
the habitat model for the Barrier Island Restoration Feasibility project, Dauphin Island, Alabama. Modified from Enwright and others

(2019b) with permission.

[km, kilometer; m, meter]

Tidal zone Habitat Predictor variables Source Algorithm
Subtidal Water, estuarine, (1) Distance from Mobile-Tensaw  (1-2) Cowardin and others (1979) Coarse K-nearest
water, marine River Delta neighbor
(2) Direction from center
Intertidal Intertidal flat, (1) Elevation (1) Anderson and others (2016), Random forest
intertidal beach, (2) Elevation to the south (8 km) Cowardin and others (1979),
intertidal marsh (3) Distance from ocean-facing Foster and others (2017), Young
shoreline and others (2011)
(4) Distance from back-barrier (2) Zinnert and others (2017)
shoreline (3-4) Young and others (2011)
Supratidal/ Barrier flat, beach, (1) Elevation (1) Anderson and others (2016), Random forest
upland dune, water, fresh; (2) Elevation to the south (1 km) Cowardin and others (1979),

woody vegetation;

woody wetland (30m)

(4) Topographic position index

(100 m)

(5) Distance from ocean-facing

shoreline

(6) Distance from back-barrier

shoreline

(3) Topographic position index

Foster and others (2017), Young
and others (2011)

(2) Zinnert and others (2017)
(3—4) Halls and others (2018),
Enwright and others (2019b),
Wernette and others (2016)
(5-6) Young and others (2011)

compared to the respective scenario for the future without
action case.

Habitat Model Results

Model data, including the model inputs with landscape-
position predictor variables and model outputs, have been
made available as a USGS data release that accompanies
this report (Enwright and others, 2020). A map of predicted
habitats for the 2015 modeled TBDEM is shown in figure AS,
and the predicted habitats for potential future island configura-
tions related to restoration measure, storminess, and sea level
are shown in figures A6—AS8 (at the end of this chapter) and
figures A1.1-A1.4. Each restoration measure map shows how
the restoration measure may evolve over the decadal hydrody-
namic geomorphic model run (that is, from year 0 to year 10)
and, more importantly, how this restoration measure may
influence the response of the island over time. For instance,
model runs for year 10 of the ST3SL3 scenarios had breaching
on either side of Katrina Cut for the future without action mea-
sure (figs. A6G, A1.1G, A1.2G, A1.3G), except for the west
and east end beach and dune design measure (R4; fig. A7G)
and the west end beach and dune measure (R6; fig. A1.4G),
which had breaching only on the western end of Katrina Cut.
There were no breaches near Katrina Cut for the runs for the
west end and Katrina Cut beach and dune restoration measure

(R7; fig. A8). The maps also depict how upslope tidal saline
wetland migration occurs with SLR. As expected, intertidal
marsh from the 2015 modeled TBDEM (fig. A6) tends to keep
pace with SLR for habitat predictions for island configurations
with the USACE intermediate curve (for example, figs. A6B
and E), whereas intertidal marsh often was converted to inter-
tidal flat or water, estuarine, for habitat predictions for island
configurations with the USACE high curve (for example,
figs. A64 and D).

The areal coverage, in hectares, per habitat for all poten-
tial future island configurations is shown in tables A6—A9.
In figure A9, the way each restoration measure (R2 to R7)
compared to the future without action for the intertidal habitat
classes (that is, intertidal beach, intertidal flat, and intertidal
marsh) and several supratidal/upland habitat classes (that is,
beach, barrier flat, and dune) is shown. For all future island
configurations, there were no detectable differences for any
of the habitats for island configurations for R3. Although this
section focuses on the initial year and year 10, the variability
among the three years for a given restoration measure high-
lights the dynamic nature of barrier island systems (fig. A9).

For intertidal habitats, the percentage change from RO
varied for each scenario and USACE curve (fig. A9). Intertidal
beach had a high percentage increase (that is, a percentage
change with a magnitude greater than 10 percent) for R2 for
all the potential future scenarios and for R6 and R7 for both
of the ST2SL1 scenarios. For the initial year, the maximum
percentage increase was 32 percent, which was for R2 for the
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Table A5. The type, condition, and order for user-defined rules applied to model results via postprocessing by habitat class for the
habitat model for the Barrier Island Restoration Feasibility project, Dauphin Island, Alabama. Adapted from Enwright and others (2019b)

with permission.

[m, meter; km, kilometer; EHWS, extreme high water springs tide level]

Type of correction Habitat Condition Order
Elevation Dune Dune areas that had a probability of less than 0.5 for being above 2
the extreme storm water level were changed to barrier flat.
Elevation— Barrier flat Barrier flat areas that had a sink depth greater than or equal to 0.5 m 11
depressional were changed to water, fresh.
habitats Intertidal beach Intertidal beach areas that had a sink depth greater than or equal to 8
0.01 m should be commonly inundated with standing water and
were changed to water, marine.
Intertidal flat Intertidal flat areas that had a sink depth greater than or equal to 9

0.01 m should be commonly inundated with standing water and
were changed to water, estuarine.

Water, fresh

Water, fresh, areas that did not have a sink depth greater than or 12

equal to 0.5 m were changed to barrier flat.

Woody wetland

Woody wetland areas that did not have a sink depth greater thanor 1

equal to 0.1 m were recoded to be woody vegetation.

X,Y coordinates Intertidal beach

Intertidal beach areas that were found to be closer to the back- 3

barrier shoreline than the ocean-facing shoreline were changed to

intertidal flat.

Barrier flat

Barrier flat areas that had intertidal beach within a 5-by-5 pixel 10

neighborhood were changed to beach because of the proximity to
the ocean-facing shoreline.

Intertidal beach

Intertidal beach areas that are located behind supratidal areas with 5

an elevation to the south for 1 km greater than or equal to 0.6 m
and located on the southern half of the island were changed to

intertidal flat.
Intertidal flat

Intertidal flat areas that were closer to water, marine, than water, es- 6

tuarine, and were found to be closer to the back-barrier shoreline
than the ocean-facing shoreline were changed to intertidal beach.

Intertidal marsh and
intertidal flat

Intertidal marsh areas should be sheltered from high-energy areas
(Roland and Douglass, 2005). These areas that did not have an

4, 7 (repeated for
intertidal flat)

elevation to the south for 8 km greater than or equal to 0.448 m
(that is, EHWS) were changed to intertidal beach. This rule was
also applied to intertidal flat.

ST3SL3I scenario for the initial year. There were no restora-
tion measures with a high percentage increase for intertidal
beach for the year 10 runs. For the initial year, intertidal beach
had a high percentage decrease for R6 for ST3SL3H and

for all the potential future scenarios for R7 for the ST3SL3
scenarios. For year 10, R7 had a percent decrease of about

11 percent for both ST3SL3 scenarios. The maximum per-
cent decrease was 19 percent, which was for R7 of ST3SL3H
for YO. For the initial year, intertidal flat had a high percent
increase for RS for all potential future conditions except

for the scenario with the ST2SL 11 scenario. The maximum
percent increase was around 23 percent, which was for the
ST2SL1H scenario. None of the island restoration measures
led to a high percent decrease for any intertidal flat for the
initial year. For year 10, RS of the ST2SL1H and R7 of the

ST3SL3H both had a high percentage increase, and a maxi-
mum increase of 17 percent for the R5. Similar to the initial
year, none of the restoration measures had a high percent-
age decrease for any intertidal flat for year 10. Intertidal
marsh increased for the initial year for RS for ST2SL11 with
a percentage increase of 16 percent. For the initial year,

no restoration measure had a high percentage decease for
intertidal marsh. Intertidal marsh increased in year 10 for RS
of the ST2SL1I and ST3SL3I scenarios, R6 of the ST3SL3H
scenario, and R7 of both ST3SL3 scenarios. The maximum
percentage change for year 10 was 19 percent, which was for
the RS of the ST2SL 11 scenario. Areas associated with marsh
restoration sites were converted to intertidal flat or open water
for both scenarios with the high curve (fig. A1.34 and D).
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Habitat Model Results
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Figure A9. Percentage change for selected habitat classes for restoration measures relative to the future without action (R0) measure

for the Barrier Island Restoration Feasibility Assessment project, Dauphin Island, Alabama. A, “medium” storminess (ST2) and a sea
level 0.3 meter above the contemporary sea level (SL1) using the U.S. Army Corps of Engineers (USACE) high sea-level rise (SLR)

curve (H); B, ST2SL1 using the USACE intermediate SLR curve (l); C, “high” storminess (ST3) and a sea level of about 1.0 meter above
the contemporary sea level (SL3) using the USACE high SLR curve (H); D, ST3SL3I. [Green bars indicate a percentage increase and
purple bars indicate a percentage decrease. R2, Pelican Island southeast nourishment; R3, Sand Island platform nourishment and sand
bypassing; R4, west and east end beach and dune nourishment; R5, back-barrier tidal flats and marsh habitat restoration; R6, west end
beach and dune restoration; R7, west end and Katrina Cut beach and dune restoration. Numbers on the y-axis indicate the year of the

run]

For supratidal/upland habitats (fig. A2), the percentage
change from RO was similar for both USACE curves (fig. A9).
In contrast to intertidal habitats, no restoration measure led to
a high percentage decrease of beach, dune, or barrier flat habi-
tat. For the initial year, beach had a high percentage increase
in R2 for both ST2SL1 scenarios R4, R6, and R7 for both of
the ST3SL3 scenarios. The maximum percent increase was
around 36 percent, which was for R7 of the ST3SL3H sce-
nario. For year 10, R2 had a high percent increase of around
23 percent in both ST2SL1 scenarios. For the initial year,
dune habitat had a high percent increase for R4 and R7 in all

scenarios and for R6 of the ST3SL3H scenario. The maximum
percent increase was around 22 percent, which was for R7 in
the ST3SL3H scenario. In year 10, dune habitat had a high
percent increase for R4 of the ST2SL1 scenarios and R7 in
all scenarios. The maximum percent increase in year 10 for
dune was 21 percent, which was R7 in the ST3SL3I scenario.
For the initial year, barrier flat had a high percentage increase
for R2 of both ST2SL1 scenarios and for R4, R6, and R7 in
all scenarios. The maximum percentage increase was around
79 percent, which was for R7 of the ST3SL3H scenario. For
year 10, barrier flat had a high percentage increase for R4
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Figure A9. —Continued

and R6 of both ST3SL3 scenarios and for R7 of all island
configurations. The maximum percentage increase for barrier
flat in year 10 was 47 percent, which was R7 of the ST3SL3H
scenario.

Discussion

In this effort, we extended a machine learning-based
barrier island habitat model framework (Enwright and others,
2019b) to predict barrier island habitats under potential future
alternative states of Dauphin Island, Ala. To our knowledge,
this effort is the first model that predicts barrier island-specific
habitats based on linkages to a hydrodynamic geomorphic
model. Some limitations specific to the model development
along with suggested next steps are discussed in Enwright
and others (2019b). These limitations included (1) estimat-
ing habitat-geomorphology linkages from a single snapshot;
(2) difficulty with estimating vegetation coverage on the

Percent change

20 30 0 10 20 30
Percent change

barrier flat; (3) development of a single model compared to
developing a model specific to island orientation and wave
energy setting (for example, Little Dauphin Island and Pelican
Island); and (4) spatial resolution.

The application of this model to predicted geomorphol-
ogy introduces some additional limitations. First, the quiescent
period hydrodynamic geomorphic model will have increased
uncertainty along the back barrier because local winds were
not incorporated (Mickey and others, 2020). Along these
lines, a separate effort is underway by the USACE and the
USGS St. Petersburg Coastal and Marine Science Center to
update geomorphic models for Little Dauphin Island. Second,
although our analyses allowed for tidal saline wetland migra-
tion, the hydrodynamic geomorphic models were not run for
an end-to-end simulation when moving from current sea level
to the future sea levels because of computational limitations.
Because of this, our results may miss some overwash events
that could have provided critical sediments to marshes and
other potential dynamic effects of SLR. Despite these uncer-
tainties and assumptions, our results suggest that regular
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Figure A9. —Continued

maintenance of intertidal marsh may be warranted under
accelerated SLR, especially under conditions with infrequent
storms and low overwash depth, which is in line with other
studies, such as Walters and Kirwan (2016). Future applica-
tions of a barrier island habitat model framework similar to
this one could explore the incorporation of a more dynamic
coastal wetland response using an approach similar to Alizad
and others (2016). This approach would require TBDEM
correction using a regression-based approach to correct the
DEM similar to ones used by Medeiros and others (2015) and
Buffington and others (2016), which was beyond the scope of
this effort. Although our approach did not include TBDEM
correction, we did include probabilistic outputs related to
tidal zones, which are important for enhancing the automated
extraction of intertidal areas (Enwright and others, 2018).
Along those lines, researchers could also explore using a
hydrodynamic geomorphic model for insights into how the
tidal range is changing under alternative sea levels (Passeri
and others, 2016) rather than assuming the tidal range would
be similar in the future. Third, although the results included

Percent change

40 60 80 0 20 40 60 80

Percent change

changes in woody wetlands, it is likely that these changes are
a result of model smoothing rather than actual topographic
changes. Finally, for future efforts, researchers should explore
treating restored dune extraction differently from natural dune
extraction to account for broader topography that is commonly
associated with the initial phases of dune restoration efforts.

The results from our modeling effort provide insights to
natural resource managers and planners on how a restoration
project may maintain or impede the occurrence of natural
coastal processes and provide information critical for making
future-focused decisions regarding barrier island restoration.
The interpretation of these results can hinge on numerous
management objectives, many of which could have tradeoffs;
therefore, the results from this effort could be analyzed using
a structured decision-making process, such as the one used
by Dalyander and others (2016), to provide planners with an
understanding of how restoration actions could positively or
negatively affect habitat resources over time. In this kind of
decision-making framework, the results from this study could
be coupled with habitat suitability predictions for oysters
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and seagrass (chapters B and C) and (or) linkages of how the
restoration measure may benefit specific fish and wildlife such
as Acipenser oxyrinchus, Mitchill (Gulf sturgeon); shorebirds;
neotropical migrants; and sea turtles and restoration cost to
make an informed decision on tradeoffs for the various resto-
ration measures.

Conclusion

A machine learning-based barrier island habitat model
framework (Enwright and others, 2019b) was used in this
study to predict barrier island habitats under potential future
alternative states of Dauphin Island. We predicted habitat
coverage for 43 island configurations, which included the
2015 modeled DEM along with 12 model outputs per restora-
tion measure for two potential conditions related to stormi-
ness and sea level. Our results provide valuable insights into
the sustainability of Dauphin Island along with how various

Percent change

Percent change

restoration measures may alter habitat coverage. The future
without action measure provided helpful information on the
sustainability of Dauphin Island for several future conditions
related to storminess and SLR. Comparing habitat model
results for various restoration measures provided quantita-
tive information on how a restoration project may maintain or
impede the occurrence of natural coastal processes and how
these restoration measures may influence the sustainability
of the island resources. For example, we found that restora-
tion measures had the potential to reduce island breaching
and, therefore, maintain acreage of subaerial habitat types.
Intertidal marsh marsh tended to keep pace with SLR for sce-
narios with the USACE intermediate curve, whereas intertidal
marsh often was converted to intertidal flat or open water

for scenarios with the USACE high SLR curve. Along those
lines, the modeling results indicated that areas restored for
the back-barrier marsh restoration measure were converted to
intertidal flat under the scenario with faster SLR, which indi-
cates that regular nourishment may be necessary to maintain
marsh restoration areas, especially if storm frequency is low
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and overwash depth is low. This information can be used as
one component in a multifaceted, structured decision-making
process, such as the one used by Dalyander and others (2016)
to make future-focused decisions regarding barrier island
restoration.
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Appendix A1. Maps of Model Results for the Pelican Island Southeast
Nourishment (R2), Sand Island Platform Nourishment and Sand Bypassing (R3),
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Chapter B. Oyster Habitat Suitability Modeling for the
Alabama Barrier Island Restoration Feasibility Assessment at

Dauphin Island

By Hongging Wang,' Nicholas M. Enwright,' Thomas M. Soniat,2 Jason E. Herrmann,® Megan K. La Peyre,'*
Sung-Chan Kim,® Barry Bunch,® Spencer J. Stelly,’ P. Soupy Dalyander," and Rangley C. Mickey'

Abstract

Increasingly, natural resource managers are concerned
with comprehensive coastal restoration actions that provide
many ecosystem benefits, including reduction of shoreline
loss; stabilization of marshes, beach, and dunes; enhancement
of fishery habitat; and facilitation of seagrass colonization.
Barrier island restoration can provide these benefits; however,
the feasibility and success of the restoration effort should
consider how specific restoration actions might affect or add
to existing important habitat, such as eastern oyster reefs. In
this study, a spatially explicit oyster habitat suitability index
model driven by water quality variables was developed for
estuarine waters near Dauphin Island, Alabama, to assess how
habitat suitability for oysters changes for two potential future
storminess and future sea-level conditions and a variety of
restoration measures including beach and dune restoration,
marsh restoration, placement of sand in the littoral zone, and
the no-action measure. The habitat suitability index model
was calibrated and validated using existing field data on oyster
density and continuous water quality data. Habitat suitability
modeling results indicated that the proposed Dauphin Island
restoration projects tend to have little or no effects on oys-
ter habitat under potential future conditions with “medium”
storminess and a future sea-level rise of 0.3 meter by 2100. In
contrast, beach/dune restoration in front of Katrina Cut could
potentially increase the oyster area in the highly suitable class
and decrease the area in the marginally suitable and suitable
classes, while maintaining the total suitable area unchanged
or slightly increased under potential future conditions with

'U.S. Geological Survey.

*University of New Orleans.

*Alabama Department of Conservation and Natural Resources.
“Louisiana Fish and Wildlife Cooperative Research Unit.
°U.S. Army Corps of Engineers.

¢Stelly Consulting at the U.S. Geological Survey.

“high” storminess and a sea-level rise of about 1.0 meter by
2100. The HSI model could be improved by incorporating
substrate and other biophysical parameters as data become
available. Information from the oyster habitat suitability mod-
eling results can be combined with information on island geo-
morphology and associated subaerial habitats, such as inter-
tidal marsh, beach, and dune, to gauge the collective benefits
and tradeoff of the various restoration actions being considered
for Dauphin Island. This information can help land managers
achieve the goal of holistic coastal restoration by improving
barrier island geomorphology for resilience and also enhanc-
ing the habitat suitability for fishery species, including oysters.

Introduction

Dauphin Island, Alabama, provides buffering (for
example, wave attenuation) and regulation of salinity to about
one-third of the Mississippi Sound and estuarine habitats,
including oysters, marshes, and seagrasses. Federal, State,
and local agencies and organizations have invested in restor-
ing Dauphin Island to enhance, maintain, and protect impor-
tant coastal habitat and living resources damaged by recent
hurricanes (for example, Hurricane Katrina) and the 2010
Deepwater Horizon oil spill. Past, current, and future poten-
tial habitat conditions and changes need to be monitored and
predicted to effectively implement barrier island restoration
projects; therefore, a habitat suitability index (HSI) model is
a good approach to link the geophysical features of the barrier
island and the water quality with habitat suitability for critical
species, such as Crassostrea virginica (eastern oyster). The
Alabama coast, including Mobile Bay and Dauphin Island sur-
rounding waters, is among the major oyster farming areas in
the Northern Gulf of Mexico (Gregalis and others, 2008); thus,
it is critical to include the effect of Dauphin Island restoration
on oyster habitat dynamics.
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Researchers have developed and applied oyster HSI
models for coastal restoration and other management needs
(Soniat and Brody, 1988; Barnes and others, 2007; Pollack
and others, 2012; Soniat and others, 2013). Previous oyster
life-cycle-based studies indicated that salinity, temperature,
food availability, suspended sediment concentration, bottom
type or substrate, and water depth are important physical fac-
tors regulating oyster population dynamics (Shumway, 1996;
Livingston and others, 2000; Wang and others, 2008; La Peyre
and others, 2009; La Peyre and others, 2013; Soniat and oth-
ers, 2013; Wang and others, 2017). In addition, the model’s
relation between the HSI score and each physical parameter
should be established based on field data and oyster biology.
Suitable ranges for environmental factors should be specific to
the study area to optimize model accuracy (Barnes and others,
2007; Leonhardt and others, 2017; Miller and others, 2017,
Sehlinger and others, 2019) and accommodate phenotypic
variation. Furthermore, variables selected for model inclusion
might not have an equal effect on habitat quality when oyster
density data and water quality variables are examined together,
requiring the application of different weights. For example,
Linhoss and others (2016) documented that the contributions
of water quality variables to oyster habitat suitability model
predictions in St. Louis Bay, Mississippi, were 67 percent for
average salinity, 16 percent for mean water depth, 10 percent
for minimum dissolved oxygen (DO), 5 percent for mean total
suspended solids (TSS), 1.2 percent for minimum tempera-
ture, and 0.2 percent for maximum temperature based on the
simulated hydrodynamic conditions across St. Louis Bay in
the Mississippi Sound during 2011 using the Environmental
Fluid Dynamics Code and the Water Quality Analysis and
Simulation Program.

Purpose and Scope

The objectives of this study were to (1) develop a
spatially explicit HSI model for oysters in estuarine waters
near Dauphin Island by using data found in the literature to
establish an initial model; (2) refine the model by using site-
specific biological data and water quality data to calibrate and
validate the HSI model; and (3) use the model to assess how
habitat suitability for oysters changes for two potential future
storminess and sea-level conditions and a variety of restora-
tion measures including beach and dune restoration, marsh
restoration, placement of sand in the littoral zone, and the
no-action measure (for example, 7 decisions x 4 scenarios X
2 periods). Habitat suitability model results could help restora-
tion and resources managers to make ecosystem-based deci-
sions to achieve the goal of enhancing barrier island ecological
functions (including resilience) and habitat for fishery species
including oysters. This model could be modified to predict
oyster habitat suitability for other estuaries and bays near bar-
rier islands.

Methods

Study Area

The focus area for this effort is the estuarine water of
the Mississippi Sound on the north (or back-barrier side) of
Dauphin Island. These areas are subtidal aquatic habitat with
salinity rarely greater than 30 parts per thousand (ppt) and are
highly suitable habitat for oysters (Wallace and others, 1999).
The Cedar Point reef (fig. B1) is the current and historic center
of the Alabama oyster fishery (Gregalis and others, 2008).
South of Dauphin Island is the Gulf of Mexico, which includes
nearshore waters that are subject to high wave energy and
occasionally experience salinity levels greater than or equal to
30 ppt, which makes this area unsuitable for oyster reef devel-
opment. Tides near Dauphin Island are diurnal with a mean
tidal amplitude of 0.43 meter (m). Mean annual salinity varies
from 8 to 22 ppt at Cedar Point and from 10 to 26 ppt at sites
near Little Dauphin Island (Scyphers and others, 2011). The
study area for oyster habitat suitability modeling includes the
estuarine and marine waters near Dauphin Island and Mobile
Bay, Ala. (fig. B1). The center of Dauphin Island is an impor-
tant, vulnerable area that has been severely affected by recent
hurricanes (fig. B1). This area was breached during Hurricane
Ivan (2004), and the breach expanded considerably during
Hurricane Katrina (2005); in 2010, the breach (known as
Katrina Cut) was closed with a rock wall during the response
to the Deepwater Horizon oil spill (Froede, 2008; Webb and
others, 2011).

Model Development

We developed an oyster HSI model for Dauphin Island
based on previous oyster HSI models (Soniat and others, 2013;
Miller and others, 2017) and oyster and water quality data in
the Mississippi Sound. Salinity, temperature, TSS, DO, and
depth are key factors regulating oyster growth and survival
and are often used to develop habitat suitability models for
oyster restoration (Pollack and others, 2012; Soniat and others,
2013; Patterson and others, 2014; Linhoss and others, 2016).
Therefore, these water quality parameters were included in
the model framework for this study. The relations between
HSI score and each physical parameter in the Dauphin Island
oyster HSI model were established based on existing models
(Soniat and others, 2013; Linhoss and others, 2016), but scores
and variable weights were modified with local data.

Model Parameters and Curves

The oyster HSI model includes seven water quality vari-
ables and their relations (curves) with habitat suitability. HSI
scores for individual water quality variables were determined
from these curves; then, a total suitability index score (scaled
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0 to 1) was calculated from the index scores of the individual
variables using a weighted geometric mean method. Details of
the model parameters and curves are described in the follow-
ing section.

Variable 1—Mean Salinity during May—
September Spawning Period

The mean salinity-habitat relation was based on a habitat
suitability study for oysters in Louisiana by Soniat and others
(2013) and Denapolis (2018) in which the mean spawning-
season salinities from 18 to 22 ppt were considered optimal,
whereas salinities less than or equal to (<) 5 ppt and greater
than or equal to (>) 40 ppt were unsuitable (that is, an HSI
variable score of 0). This salinity-habitat relation was further
modified based on oyster density data and the range of mean
salinity collected at Cedar Point. The optimal mean spawning-
season salinities were adjusted based on these data to be from
20 to 22 ppt and setting salinities <10 ppt and >40 ppt as
unsuitable (fig. B2). The weights of each variable in the model
were first determined based on information from previous
studies, then updated, and a best value was given by model
calibration. The weight of mean salinity during the spawning
period was calibrated to be 6.

Variable 2—Minimum Monthly Mean Salinity

The minimum monthly mean salinity-habitat relation
was also based on the suitability study for Louisiana oysters
by Soniat and others (2013), Lavaud and others (2017), and
Denapolis (2018). They found that extremely low salinities
(<2 ppt) caused mass mortalities of oysters. A single monthly

mean of <2 ppt was unsuitable, yet a minimum mean salinity
of >8 ppt was not considered detrimental (fig. B3). The cutoff
salinity was set to 10 ppt based on oyster density and mini-
mum monthly mean salinity data at Cedar Point. The weight of
minimum monthly mean salinity was also calibrated to be 6.

Variable 3—Annual Mean Salinity

The annual mean salinity-habitat relation was also based
on the oyster suitability index studies of Soniat and others
(2013) and Denapolis (2018). In their efforts, the optimal
annual mean salinity was between 10 and 15 ppt, and values
<5 ppt and >40 ppt were unsuitable. This curve was further
modified based on oyster density data and annual mean salin-
ity data at Cedar Point. This modification involved setting the
optimal annual mean salinity range to be from 17 to 20 ppt to
reflect the relatively higher salinity for oysters in barrier island
estuaries than those in river-dominated estuaries (fig. B4; La
Peyre and others, 2009; Wang and others, 2017). The weight
of annual mean salinity was also calibrated to be 6.

Variable 4—Annual Mean Dissolved Oxygen

An annual mean DO of 2 milligrams per liter (mg/L)
was used in Linhoss and others (2016) and was set as the
threshold for hypoxia (Patterson and others, 2014). Using
heat shock protein 70 as a biomarker for environmental stress
on oyster reefs near Dauphin Island, Patterson and others
(2014) found that approximately 8 mg/L was the maximum
level for which the oysters were not stressed as a result of DO
levels. Suitability index values for DO from 2 to 8§ mg/L were
interpolated (fig. BS). The weight of annual mean DO was
calibrated to be 1.

06 —

04 —

Suitability index

0 5 10 15

20 25 30 35 40

Mean salinity (May—September), in parts per thousand

Figure B2. Relation between oyster habitat suitability index and mean spawning-season salinity (in parts per thousand) from May to

September, for the area near Dauphin Island, Alabama.



Variable 5—Annual Mean Total Suspended
Solids

The annual mean TSS-habitat relation (fig. B6) was
based on the turbidity induced reduction of oyster filtration
rate (Hofmann and others, 1992; Klinck and others, 1992;
Powell and others, 1992; Wang and others, 2008, 2017) and
the assumption that oyster habitat suitability would be reduced
if filtration is diminished:

(log, (TSS/1,000) +3.38 )) ]
— 0048

FR = FR[1-0.01( (BI)
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A similar relation was also included in the oyster HSI
model for oysters in Chesapeake Bay, Maryland (Battista,
1999). Linhoss and others (2016) indicated that concentrations
of TSS less than 22 mg/L (0.022 grams per liter) tended to be
more suitable habitat. The weight of annual mean TSS was
calibrated to be 2.

Variable 6—Annual Mean Water Depth

Opyster reefs in St. Louis Bay, Miss., are found in areas
with a water depth that ranges from 0.1 to 6.9 m (Linhoss and
others (2016). Optimal water depth there was found between

where 0.5 and 3 m (Barnes and others, 2007). This study used a
FR s filtration rate (milliliters filtered per similar approach and revised the optimal water depth from 2
individual per min). to 3 m based on oyster density and minimum monthly mean
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salinity data at Cedar Point (fig. B7). The weight of annual
mean water depth was calibrated to be 2.

Variable 7—Annual Mean Water Temperature

The temperature-habitat relation (fig. B8) was based
on previous studies. Oyster feeding stops at less than (<)
6 degrees Celsius (°C), respiration and feeding could be
disrupted when greater than (>) 32 °C (Kennedy, 1996), and
physiological functions cease at >42 °C (Stanley and Sellers,
1986). Based on oyster growth and mortality data (Lowe and
others, 2017), oysters along the Louisiana coast had a high
survival rate between 18 and 32 °C with only a slight decrease
with temperature. A similar relation was found for Gulf of
Mexico oysters in Barnes and others (2007). The weight of
temperature was calibrated to be 1.

The final total HSI score (HSI, , ) was based on the seven
variables given above. The final score was calculated using the
weighted geometric mean method as follows:

HS[ — (Hn VWi)(‘/LIW“") — exp(Z;Lz‘lel%nw )

total =1

(B2)

where
Vi is the ith environmental variable,
Wi s the weight of Vi,
n is the number of variables (#=7) in the total
HSI model, and HSI, =0, if any V', =0.
The calculated suitability index values were classified
into the following groups based on Theuerkauf and Lipcius
(2016) with modification: HSI, ,>0.7 is highly suitable;
HSI ,,0.5t0 0.7 is suitable; HSI 0.3 to 0.5 is marginally

total
suitable; and S/ <0.3 is unsuitable.

!

1

Model Calibration and Validation

Higher oyster density and (or) rates of growth, size of
oysters, and survival are generally assumed to be the results of
highly suitable environmental conditions, which should also
be represented by a higher suitability index score. The oyster
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density data used for suitability model calibration and valida-
tion were provided by Alabama Department of Conservation
and Natural Resources (ADCNR) Marine Resources Division
(MRD). Divers from ADCNR-MRD completed monthly
surveys of 1-square-meter (m?) quadrats during May to
September from 1976 to 2017 at multiple oyster reefs near
Dauphin Island and Mobile Bay. These data were paired with
water quality data from the Mobile Bay National Estuary
Program (https://arcos.disl.org/). Specifically, these data

included half-hourly salinity, temperature, DO, water depth,
and turbidity measurements from 2006 to 2017.

The habitat suitability model for oysters in the Dauphin
Island estuary was calibrated using oyster density data and
environmental data at Cedar Point in 2006 and from 2009 to
2011 (fig. B9). The calibration included the modification of
each of seven habitat suitability curves (figs. B2—B8) and their
weights in the total suitability model. The final curves and
their weights were determined based on the best fit (high-
est coefficient of determination [R?] value of the regression)


https://arcos.disl.org/ 
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between the values of the total HSI and the total oyster density ~ Sjmulations for Restoration Measures
during the calibration years. Model validation was completed

by regressing habitat suitability values (0 to 1) to measured The restoration measures selected for the Alabama
total oyster density (oysters/m?) at Cedar Point during 2007 Barrier Island Restoration Feasibility Assessment project
and 201316 (fig. B10). The selection of calibration and include beach nourishment and marsh restoration (table B1).

validation periods was determined by the inclusion of high and  The impacts of restoration measures were evaluated over a

low oyster density periods and associated water quality condi-  decadal period under various environmental forcing condi-

tions in calibration as well as in validation. tions including frequency of occurrence of tropical storms
(that is, “storminess”) and future sea level (Mickey and others,
2020) using the numerical model Delft3D (Mickey and others,
2020), an empirical dune growth model (Mickey and others,
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Restoration measures for the Alabama Barrier Island Restoration Feasibility Assessment project, Dauphin Island, Alabama.

[R, restoration measure; km, kilometer; m, meter; ~, approximate value]

Restoration measure

Description

Future without action (R0)

Katrina Cut structure
sand berm (R1)

Pelican Island southeast
nourishment (R2)

Sand Island platform nourishment
and sand bypassing (R3)

West and east end beach
and dune nourishment (R4)

Back-barrier tidal flats and marsh
habitat restoration (RS5)

West end beach and dune
nourishment (R6)

West end and Katrina Cut beach
and dune nourishment (R7)

No restoration action.

Sensitivity testing related to the Katrina Cut structure (habitat suitability index modeling was not
completed for this measure).

Pelican Island nourishment that extended the island by about 2.6 km to the south of the present tip of
Pelican Island.

Nourishment of the submerged Sand Island platform that is designed to increase the elevation to 2 m
below mean sea level, which is 5 m higher than some current bed-elevation levels in this area.

Nourishment of the beach east of the Katrina Cut and the shorefront area east of Pelican Island to raise
beach and dune elevations by a maximum of about 3.7 m.

Marsh restoration and filling of burrow pits along the back-barrier area of Dauphin Island.

Modified version of the R4 measure, which moved the restored dune area landward with no sediment
nourishment east of Pelican Island.

Modified version of the R6 measure extends these changes west to the front side of the Katrina Cut
rubble wall structure.

2020), and a landscape-position-based barrier island habitat
model (chapter A). This assessment included seven restoration
measures that were proposed and incorporated in the decadal
simulations of barrier island geomorphology (Mickey and oth-
ers, 2020; table B1). To quantify the effects of these restoration
measures, changes in habitat suitability classes were compared
to a future without action (R0) alternative.

The impacts of restoration measures were assessed under
two potential scenarios with regard to storminess and future
sea levels. The storminess bins included realizations with a
“medium” storminess, which included one to three storms
over a 10-year period (that is, ST2) and a “high” storminess,
which included four to five storms over an equal period (that
is, ST3). As previously mentioned, we predicted habitats under
two future sea levels by 2100. These included a sea level of
0.3 m (that is, SL1) and a sea level of about 1.0 m (that is,
SL3). Specifically, the medium storminess was paired with
the 0.3 m above the contemporary sea level (that is, ST2SL1)
and the “high” storminess bin was paired with the 1.0 m above
the contemporary sea level (that is, ST3SL3). The storminess
bins were determined by the number of storms that result in
overwash of the representative profile given the dune charac-
teristics at the time of the storm. For more information on how
storminess and SLR bins were selected, see Mickey and others
(2020).

Marsh accretion rates also determine landscape eleva-
tions to some extent, and it was important to include these in
the scenarios. To account for intertidal marsh vertical accretion
as a component of marsh morphology evolution, the Dauphin
Island landscape-based habitat model (chapter A) considered
two scenarios: the U.S. Army Corps of Engineers (USACE)
high and intermediate SLR curves in which marsh kept pace
with SLR through accretion (1 centimeter per year) through
2022 under the high SLR curve, whereas marsh kept pace with

SLR by accretion for the entirety of the USACE intermedi-
ate curve (chapter A). Therefore, four future storminess and
SLR scenarios were run for oyster habitat suitability model-
ing: (1) “medium” storminess and a 0.3-m sea level using

the USACE high curve when intertidal marsh partially kept
with SLR (ST2SL1H); (2) “medium” storminess and a 0.3-m
sea level using the USACE intermediate curve when inter-
tidal marsh completely kept with SLR (ST2SL11); (3) “high”
storminess and a 1.0-m sea level using the USACE high curve
when intertidal marsh partially kept with SLR (ST3SL3H);
and (4) “high” storminess and a 1.0-m sea level using the
USACE intermediate curve when intertidal marsh completely
kept with SLR (ST3SL3I).

Water Quality Model Data

The effects of the proposed restoration measures on
estuarine and marine-water quality near Dauphin Island were
simulated by the coupled hydrodynamic and water quality
models. The U.S. Army Corp of Engineers three-dimensional
model (Johnson and others, 1993), based on Curvilinear
Hydrodynamics in 3 Dimensions—Waterway Experiment
Station version (CH3D-WES), has been a successful manage-
ment model for the U.S. Environmental Protection Agency
Chesapeake Bay Program water quality modeling system
(Kim, 2013). The CH3D-WES provides hydrodynamic flux
across grid cell boundaries to a water quality model, the
USACE Integrated Compartment Water Quality Model (CE-
QUAL-ICM; Cerco and others, 2013), which has been used to
manage the bay water quality by the Chesapeake Bay Program
with simulation periods spanning decades. The hydrodynamic
model, CH3D-WES, computes salinity, surface elevation,
velocity, diffusivity, and bottom shear stress. Eutrophication
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processes are computed by the CEFQUAL-ICM eutrophica-
tion model. The CE-QUAL-ICM model in this study incorpo-
rates 24 state variables in the water column including physical
variables; multiple algal groups; 2 zooplankton groups; and
multiple forms of carbon, nitrogen, phosphorus, and silica. For
each variable, we used depth averaged water quality parame-
ters. Because of limits of computational expense, water quality
model outputs were not developed for each specific restoration
measure. Instead, three general model outputs were devel-
oped. The first water quality model outputs included baseline
2015 geomorphology conditions with no island breaching
(model name BASE). The second water quality model out-
puts included SL3 water levels with a single breach west of
Katrina Cut. The third water quality model outputs included
SL3 water levels and breaching on either side of the Katrina
Cut, Little Dauphin Island, and Pelican Island (2BKC).

Water quality outputs were paired with each scenario
(that is, combination of restoration measure along with stormi-
ness and future sea-level conditions). It was hypothesized
that geomorphology would be the most sensitive factor when
deciding which water quality output to use, then the presence/
absence, location, and extent of breaching would be the most

Predicting Barrier Island Habitats and Oyster and Seagrass Habitat Suitability for Dauphin Island, Alabama

important factor in driving changes to estuarine water quality.
This hypothesis was tested by assessing habitat suitability for
ST3SL3 conditions using the BASE and 2BKC water quality
outputs. It was noted that the presence of a breach near Katrina
Cut for water quality models led to a reduction in suitability in
plume-shaped areas extending northward from the “breached”
areas into estuarine waters of the Mississippi Sound; thus, it is
more important to properly match the breaching scenario com-
pared to the sea-level scenario. The water quality data used for
each restoration measure and storminess/sea-level combina-
tion are shown in table B2.

Habitat Suitability Index Model Spatial
Framework and Processing

The domain of the HSI models generally matches
the model domain for the landscape-position-based model
(chapter A), which covered a 2.5-km buffer from Dauphin
Island. One modification to the HSI domain was the addi-
tion of areas near Cedar Point in the northeastern edge of the
landscape domain. The spatial resolution of the HSI varies

Table B2. Restoration measures for the Alabama Barrier Island Restoration Feasibility Assessment project, Dauphin Island, Alabama.

[SL, sea level; Y, year; BASE, baseline water quality model with no breaches; R, restoration measure; ST2SL1, “medium” storminess bin was paired with the
0.30-meter sea-level rise; ST3SL3, “high” storminess bin was paired with the 1.0-meter sea-level rise; 2BKC, water quality model with sea-level rise of about
1.0 meter and breaching on both sides of Katrina Cut; IBSAL, water quality model with sea-level rise of about 1.0 meter and one breach on the western end of

Katrina Cut]

Water quality data

Restoration measure Storminess/

SL Y0 High Y10 High YO0 Intermediate Y10 Intermediate
Baseline! SLO BASE BASE BASE BASE
Future without action (R0) ST2SL1 BASE BASE BASE BASE
ST3SL3 BASE 2BKC BASE 2BKC

Pelican Island southeast ST2SL1 BASE BASE BASE BASE

nourishment (R2) ST3SL3 BASE 2BKC BASE 2BKC
Sand Island platform nour- ST2SL1 BASE BASE BASE BASE

ishment and sand bypass-

ing (R3) ST3SL3 BASE 2BKC BASE 2BKC
West and east end beach and ST2SL1 BASE BASE BASE BASE

dune nourishment (R4) ST3SL3 BASE IBSAL/2BKC BASE IBSAL/2BKC
Back-barrier tidal flats and ST2SL1 BASE BASE BASE BASE

marsh habitat restoration

(RS5) ST3SL3 BASE 2BKC BASE 2BKC
West end beach and dune ST2SL1 BASE BASE BASE BASE

nourishment (R6) ST3SL3 BASE IBSAL/2BKC BASE IBSAL/2BKC
West end and Katrina Cut ST2SL1 BASE BASE BASE BASE

beach and dune nourish-

ment (R7) ST3SL3 BASE BASE? BASE BASE?

'Sea-level rise curves (that is, high and intermediate) and periods (that is, YO and Y 10) are not applicable to the baseline condition. The baseline condition

used the BASE model and the 2015 geomorphology data.

2BKC used in the areas where breaching occurred near Little Dauphin Island and Pelican Island.



and is matched to the resolution of the water quality model.
The area of the cells in this grid ranged from about 1 hectare
(ha) in the Mobile River shipping channel to 56 ha in offshore
estuarine and marine waters and had a median of 6.7 ha. Esri
ArcMap 10.7.1 (Redlands, California) was used to calculate
values of each habitat suitability variable (for example, annual
mean salinity, DO, TSS, water depth, and water temperature)
from water quality model monthly output for cells in the
water quality grid for each scenario (table B2). The only vari-
able that did not come directly from the water quality model
outputs was mean water depth. The mean water depth variable
was estimated using the geomorphic outputs for each sce-
nario (that is, combination of restoration measure, storminess,
and SLR). Landscape-position-based habitat model outputs
(chapter A) were used to calculate the mean water depth. This
water depth was relative to mean sea level based on observa-
tions during the most recent North American Tidal Datum
Epoch (1983-2001) from a National Oceanic and Atmospheric
Administration tide gauge (station identifier 8735180) on the
eastern end of the island. Simulations were run for the initial
year (Yr=0) and a period after 10 years (Yr=10) with the cor-
responding water quality input. A Python script (Python 2.7)
was developed to read in the value of each habitat suitability
parameter in spatial layers of the habitat suitability variables,
calculate the individual suitability index based on the habitat
suitability curves (figs. B2-B8) and determine the total HSI
using the weighted geometric mean method, classify the suit-
ability scores (0 to 1) into groups, and generate a spatial dis-
tribution map of oyster habitat suitability designations (that is,
unsuitable, marginally suitable, suitable, and highly suitable).
The water quality grids (table B2) matched general island
configurations related to breaching and (or) sea levels. We
made a few minor modifications to the grids to enhance the
comparability of the HSI outputs. First, we used the BASE
grid for all the R7 simulations for the ST3SL3 scenarios,
which matched the breaching scenario for Katrina Cut (that is,
restoration prevented breaching along Katrina Cut); however,
the geomorphology for the BASE grid is not correct for
year 10 for Little Dauphin Island and Pelican Island (that is,
does not contain breaching that was identified by geomorphic
modeling). In order to account for the breaching at Little Dau-
phin Island and Pelican Island, we used the habitat suitability
values that were determined for RO for the ST3SL3 for year
10 for the missing water quality cells for Little Dauphin Island
and Pelican Island. Second, the resolution of cells in each grid
may differ, which can cause issues along the boundary of the
model domain. For instance, the 2BKC water quality grid has
areas where a single cell is made up of two cells. To enhance
comparisons between each grid and avoid an issue with miss-
ing data, we merged two cells in 2BKC to match the grid
registration of BASE for one boundary cell at the north-central
portion of the model domain.
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Habitat Suitability Index Model Results
and Discussion

The following sections will include the results and dis-
cussion for the oyster habitat suitability under baseline condi-
tions and future conditions. Data generated during this study
are available from the ScienceBase (Wang and others, 2020).

Oyster Habitat Suitability Distribution under
Baseline Condition

The baseline oyster habitat suitability distribution (that
is, contemporary conditions without SLR) in estuarine waters
of Dauphin Island is shown in figure B11. As expected, most
suitable and highly suitable areas for oyster growth are to
the north of Dauphin Island. Among the total area within the
model domain (26,697.3 ha), the highly suitable area is about
46.4 percent, the suitable area is about 5.8 percent, the margin-
ally suitable area is about 2.3 percent, and the unsuitable area
is about 45.4 percent.

The HSI distribution is consistent with the current and
historical oyster distribution around the Cedar Point area oys-
ter reefs, where release and harvesting are prevalent, including
adjacent intertidal waters 2—3 km southwest of Cedar Point
where the largest expanse of oyster reefs in Alabama coastal
waters was found (Gregalis and others, 2008). Our results also
indicate suitability for areas that extend farther west from the
current and historical oyster distribution for the area. Here, it
is important to consider that the HSI model used for this study
is solely based on water quality and, thus, does not factor in
substrate suitability; therefore, oysters may not necessarily be
present in areas that are identified as having good HSI.

The baseline oyster habitat suitability distribution map
showed a spatial gradient of habitat for oyster growth and
survivorship within estuarine waters near Dauphin Island; for
example, there tends to be a gradient of highly suitable to suit-
able from the northwest (that is, close to Cedar Point) to the
southeast of Little Dauphin Island and lower suitability near
Petit Bois Pass (fig. B11). Field data from 1 year of sampling
(Gregalis and others, 2008) also revealed that Cedar Point
oyster reefs tend to have high numbers of spat, low numbers
of dead spat, high numbers of oysters, and high natural recruit-
ment. In contrast, the area south of Little Dauphin Island is
suitable for oyster growth (for example, high number of oyster
spat, moderate number of oysters), but this area tends to be
less suitable than Cedar Point as indicated by a high number
of dead spat because of the poor water quality or predation by
oyster drills (Gregalis and others, 2008). It should be noted
that the spatial patterns (locations) of oyster optimal suitabil-
ity in the area may change or switch with changing physical
environmental conditions; therefore, the area at or near Cedar
Point may not always reflect the best place with highest oyster
habitat suitability. Nevertheless, the agreement between the
current and historical oyster reef distribution and the baseline
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Figure B11. The distribution of oyster habitat suitability in estuarine waters near Dauphin Island, Alabama, for the baseline model

(2015). Land and water areas are generalized areas from the water qu

habitat suitability map that was produced using the HSI model
(fig. B11), as well as model validation, indicates that the habi-
tat suitability model for estuarine waters near Dauphin Island
can be used for prediction of oyster habitat suitability change
under restoration measures and storminess and future sea-level
conditions.

Oyster Habitat Suitability Distribution for
Restoration Measures, Future Storminess, and
Sea-Level Rise

Included in table B3 is a summary of the areal coverage
of habitat quality bins and the proposed barrier island resto-
ration measures including the future without action for the
selected storminess and sea-level conditions at the initial year
and for year 10. Presented in table B3 are 2 scenarios of marsh
accretion and 2 periods after restoration. This table (table B3)
also includes the percentage change per habitat suitability bin
compared to the future without action measure.

For the initial year simulations with the USACE high
SLR curve, it seemed that these restoration measures tended
not to affect oyster habitat suitability (table B3). Similarly,

ality model grid.

many major differences were not seen in the results for year 0
for the USACE intermediate curve (with the assumption of
intertidal marsh keeping pace with SLR). However, one excep-
tion was the back-barrier tidal flats and marsh habitat restora-
tion (RS5) for ST2SL1, which had a 7.8-percent increase in
marginally suitable areas with much of that area coming from
cells that were previously unsuitable (table B3). This change
was more related to uncertainty and sensitivity along edges of
classes rather than a change that resulted from the restoration
measure. In contrast, the barrier island restoration measures
were found to have large and positive effects on oyster habitat
suitability distribution for year 10. Results under the USACE
high and intermediate SLR curves had a similar trend and
magnitude of change; therefore, results for the high USACE
SLR curve were used to examine the impact of the various
restoration efforts under future storm and sea-level conditions.
The oyster HSI distribution under the future without
action for year 10 for the USACE high SLR curve is shown in
figure B12. The ST2SL1 scenario did not show much change
in oyster habitat distribution (location and extent) compared
to the distribution without SLR except for a slight reduc-
tion in highly suitable area converting to suitable class in the
estuarine waters near the south tip of Little Dauphin Island
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as a result of the storms and sea level (fig. B124). However,
the highly suitable areas would be greatly reduced under
ST3SL3 conditions with most of the reduction occurring in
the back-barrier areas in the Mississippi Sound because of the
breaching of the island near the Katrina Cut (fig. B12B). This
reduction in oyster habitat suitability can be attributed to the
increased salinity and increased water depth under increased
storminess and sea level.

Modeling results indicated that proposed restoration
measures would have little or no impacts on oyster habitat
suitability distribution under the ST2SL1 scenario (table B3).
In contrast, under the ST3SL3 scenario, restoration measures
should generally increase the percentage change in highly suit-
able oyster areas from 12.6 percent to 37.3 percent compared
to the future without action scenario (table B3, fig. B13).

The west and east end beach and dune nourishment (R4),

west end beach and dune nourishment (R6), and west end

and Katrina Cut beach and dune nourishment (R7; table B1)
could increase highly suitable area by 12.6 percent, 12.6 per-
cent, and 37.3 percent, respectively (table B3, fig. B13). For
example, beach/dune restoration in front of Katrina Cut (R7)
reduced unsuitable, marginally suitable, and suitable area from
12,103.5 ha to 11,984.6 ha, from 1,713.2 ha to 1,567.0 ha, and
from 5,773.9 ha to 3,175.0 ha, respectively, and increased the
highly suitable area from 7,324.9 ha to 10,053.8 ha, (that is,
an increase of 2,728.9 ha; table B3). There is a net increase

of 130 ha in suitable groups (suitable and highly suitable)
with this restoration measure under ST3SL3. Compared to the
future without action, the total area of unsuitable class would
all have minor reductions (about 1 percent); most of the oyster
habitat suitability changes are because of restoration associ-
ated with the switches among the marginally suitable, suitable,
and highly suitable classes. It should be noted that the future
without action measure (R0) under the ST3SL3 condition

has two breaches on either side of Katrina Cut, RS similarly
has two breaches, R4 and R6 have one breach (to the west of
Katrina Cut), and R7 has no breaching.

The changes in oyster habitat suitability under restoration
measures highlight the large and potentially positive effects
of a barrier island geomorphology on oyster habitat suitability
distribution in nearby estuarine waters. This point underscores
the importance of a healthy barrier island for salinity regula-
tion in the Mississippi Sound (Mickey and others, 2020).
Barrier island breaching would likely have adverse impacts
on oyster habitat suitability within Little Dauphin Island Bay
because it is in the highly suitable class, and salinity may
become higher than optimal (Gregalis and others, 2008). The
seven restoration measures assessed in this study are expected
to have slight positive effects on habitat near Little Dauphin
Island. The U.S. Geological Survey and USACE are initiat-
ing a National Fish and Wildlife Foundation-funded project
focused on Little Dauphin Island. This project will enhance
the hydrodynamic modeling effort for this island and integrate
management decisions specific for this area.
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Future Studies

In this study, the oyster habitat suitability model was
calibrated and validated using field data at the Cedar Point
reef. Although the reef dataset we used for calibration included
oyster reef observations, it did not have continuous water qual-
ity monitoring nearby to couple with these data; thus, the lack
of data from other locations for model calibration and valida-
tion could affect the habitat suitability model’s applicability in
other barrier island-dominated estuaries. Furthermore, many
of the relations between habitat suitability and water qual-
ity variables were based on work for different regions/oyster
populations and there is increasing evidence of local popula-
tion adaptations. Populations may have differential response to
water quality conditions that we are not capturing. Therefore,
additional water quality and oyster biological data from a
well-planned and distributed monitoring regime are needed
to improve the habitat suitability model’s applicability for the
assessment and prediction of habitat change under various
future environmental conditions to identify optimal habitat for
barrier island restoration and oyster reef restoration (Soniat
and Brody, 1988; Theuerkauf and Lipcius, 2016).

Simulated habitat suitability scores may be overestimated
because of underestimated TSS from the water quality model
related to (1) the organic part not being entirely incorporated,
TSS was only inorganic based; and (2) wind waves not being
incorporated in the coupled hydrodynamic and water quality
model (Kim, 2013) that provided simulated water quality con-
ditions under various scenarios to the oyster HSI model; fur-
thermore, the highest habitat suitability score was given when
TSS was at or close to zero (no food in the water column).
However, the experimental results indicated that increasing
TSS or turbidity may increase the oyster clearance rate (the
volume of water completely cleared of suspended particles
per unit of time) because they must filter more to get enough
food; but it also costs more energy, which could slow somatic
growth (Hofmann and others, 1992; Powell and others, 1992).
It was found that the oyster clearance rate may not change
with turbidity in 0-400 mg/L ' (La Peyre, Louisiana Fish and
Wildlife Cooperative Research Unit, unpub. data, 2015). Other
studies indicated a compensatory response, increased clear-
ance rate with increasing TSS (Shumway, 1996; Bayne, 2017),
but there is also evidence of local adaptation; therefore, further
modification of TSS with oyster habitat quality using local
data is needed for model improvement. Nevertheless, TSS
was calibrated to have a lower weight; TSS data used in the
modeling were larger than 22 mg/L with less variability, thus
having little impact on total oyster habitat suitability scores
compared to other critical variables such as those of salinity
derived ones.

The oyster habitat suitability model could also be
improved by adding other biophysical parameters. Previous
oyster habitat suitability models have included cultch materi-
als, such as oyster or clam shell, which provide suitable hard
bottom for spat settling (Cake, 1983; Soniat and Brody, 1988;
Barnes and others, 2007; Soniat and others, 2013; Denapolis,
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Figure B12. The distribution of oyster total habitat suitability index score under the future without action restoration measure (R0) in
estuarine waters near Dauphin Island, Alabama, for year 10 using the U.S. Army Corps of Engineers high sea-level rise curve. A, with
“medium” storminess and sea level (ST2SL1); B, with “high” storminess and sea level (ST3SL3). Land and water areas are generalized
areas from the water quality model grid.
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2018). Substrate was not included in this HSI model because
of a lack of data on substrate distribution in estuarine waters
near Dauphin Island. In its present form, the model results
can be used to locate areas where water quality parameters
are suitable for oysters and substrate should be placed. The
rationale is that areas with a high HSI value should promote
spat settlement and survival and be candidates for the imple-
mentation of oyster reef restoration projects. Moreover, water
flow rate (current velocity) is also a key factor on oyster filtra-
tion, growth, and spat settlement and should be incorporated to
reflect this habitat requirement (Lenihan and others, 1996; La
Peyre and others, 2015; Theuerkauf and Lipcius, 2016; Wang
and others, 2017). Additionally, we used mean salinity during
the May—September spawning period in the Dauphin Island
oyster HSI model; nevertheless, lots of evidence of significant
spawning in October and even November in recent decades
was found (La Peyre and others, 2009, 2013; Sehlinger and
others, 2019); therefore, spawning in late fall until November
should be incorporated in the model.

Although HSI models are useful in determining locations
for oyster reef restoration, population dynamic modeling is
needed to determine the interaction between oyster population
growth, mortality, and physical environmental conditions. In
this study, the oyster habitat suitability model was developed
based solely on estuarine water quality conditions. It did not
explicitly consider onsite biotic interactions such as diseases,
predation, and competition on oyster population dynamics,
although they are largely salinity dependent (Miller and others,
2017). Furthermore, important processes such as the feedback
between oyster filtration, growth, and water quality parameters
such as oyster density and velocity on food (chlorophyll a)
reduction are not explicitly modeled (Wang and others, 2017).
Therefore, the HSI model provides the broad landscape for
potential sites for oyster habitat restoration, but the choice for
specific locations for restoration should consider factors not
explicitly included in the model (for example, bottom firm-
ness, current speed) to achieve optimal oyster production. The
infeasibility of including additional but important variables
may explain some of the discrepancy between habitat suit-
ability scores and oyster densities in the model validation
(fig. B10). A better understanding of the effects of barrier
island restoration on oyster population dynamics (recruitment,
growth, mortality, and reproduction) requires a model that
integrates hydrodynamic, water quality, oyster population, and
species interaction (Wang and others, 2008, 2017).

Restored reefs can diminish shoreline erosion, stabi-
lize marshes, enhance fishery habitat, and facilitate seagrass
colonization (Scyphers and others, 2011; La Peyre and others,
2015). At Cedar Point and near Little Dauphin Island, oyster
reefs have been constructed under ADCNR’s oyster restoration
program as large subtidal reefs, breakwater reefs, and unfished
ecosystem services study reefs (Wallace and others, 1999;
Gregalis and others, 2008). Constructed oyster reefs may
benefit the seagrass beds, such as by increasing seagrass abun-
dance between the reefs and the shoreline (Sharma and others,
2016). The ADCNR will incorporate a living shoreline for the

restoration of Dauphin Island to protect shorelines, maintain
island geomorphology, and enhance habitat for oysters and
seagrasses.

Conclusions

A spatially explicit oyster HSI model was developed for
estuarine waters near Dauphin Island based on previous stud-
ies on oysters along the Gulf of Mexico. The HSI model was
calibrated and validated using existing site-specific field data
on oyster density and water quality variables. The habitat suit-
ability model was shown to be useful for the assessment and
prediction of the impacts of barrier island restoration measures
on oyster habitat under various scenarios of future storminess
and future sea level. Suitable oyster areas are identified in
the estuarine waters north of Dauphin Island, especially near
Cedar Point where oyster harvest has traditionally occurred.
Modeling results indicated that the impacts of each of the
individual restoration measures would be localized and that
the restoration projects would yield a positive effect on oyster
habitat under high storminess and sea level (ST3SL3 condi-
tions) but not under ST2SL.1 conditions. Study results suggest
that such restorations could maintain barrier island integrity
while enhancing oyster habitat, growth, and distribution.
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Abstract

Seagrass beds provide critical ecosystem services, such
as structural habitat, foraging sites for finfish and shellfish,
improvement of water quality, blue carbon sequestration, sedi-
ment stabilization, and reduction of coastal erosion. Seagrass
beds near barrier islands are particularly vulnerable to natural
and anthropogenic disturbances and are easily affected by
tidal, wind, and wave energy and overwash because of their
location along the leeward side of dynamic barrier islands.
The sensitive nature of these seagrass beds makes it critical
to understand how a specific barrier island restoration effort
may positively or negatively affect the preservation of these
resources. In this study, a spatially explicit seagrass habitat
suitability index model was developed for estuarine waters
near Dauphin Island, Alabama. This model was used to assess
how habitat suitability for seagrass changes following two
potential future storminess and sea-level change scenarios
and a variety of restoration measures including beach and
dune restoration, marsh restoration, placement of sand in the
littoral zone, and a no-action alternative. The habitat suitability
index model was calibrated and validated using available in
situ seagrass monitoring data and continuous water quality
data. Model results indicated the areal coverage of the suitable
class increased more than 12 percent, most notably, in areas
behind beach/dune restoration at Katrina Cut. The reason for
this increase is because of the restoration preventing breaching
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near Katrina Cut under future conditions with moderate
storminess. Barrier island restoration measures that did not
prevent breaching generally did not affect the seagrass overall
habitat suitability and distribution relative to a no-action
alternative. Information from the seagrass habitat suitability
modeling results can be combined with information on island
geomorphology and associated various subaerial habitats, such
as intertidal marsh, beach, and dunes, to gauge the collective
benefits and tradeoffs of the various restoration actions being
considered for Dauphin Island. This information can help land
managers achieve the goal of holistic coastal restoration by
improving barrier island geomorphology for resilience and
also enhancing the habitat suitability for seagrass.

Introduction

Seagrass beds in marine and estuarine environments

provide critical ecosystem services, such as the provision of
structural habitat and foraging area for finfish and shellfish,
improvement of water quality by adding oxygen to the water
column and filtering nutrients and contaminants, sediment
stabilization, and the reduction of coastal erosion through
accumulating fine particle sediment and attenuating waves
and current energy (Koch, 2001; Millet and others, 2010). The
spatial extent of seagrass coverage along the northern Gulf
of Mexico, including barrier islands within the Mississippi
Sound region, has declined substantially in recent years (Pham
and others, 2014). For example, along the Petit Bois Island
(not shown) in the Mississippi Sound, seagrass spatial extent
declined from 650 hectares (ha) in 1969 to 219 ha in 2010,
a reduction of greater than (>) 66 percent (Pham and others,
2014). The large decline in seagrass habitat is largely attrib-
uted to natural disturbances (for example, hurricanes, tropi-
cal storms, rising sea levels, changes in rainfall pattern, and
freshwater inflow) and human activities (for example, land
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development, freshwater and sediment management). Seagrass
beds in estuarine waters near barrier islands are particularly
vulnerable to these natural and anthropogenic disturbances
because they are located on the lee side of dynamic barrier
islands and they are easily affected by tidal, wind, and wave
energy. Seagrass species often lack traits to quickly colo-
nize previously occupied areas; therefore, once impacted,

it is likely to take a long time (for example, >3 years) for
seagrass habitats to recover via natural processes (Bell and
others, 2008). Also, the success rate of restoration of seagrass
habitats relative to reference conditions is highly variable and
often low. Researchers have determined that about 50 percent
of seagrass restoration projects have failed to meet success
criteria (for example, the survival rate of planting and growth
rate of bottom coverage) because the reestablishment of
seagrass beds tends to work the best in areas that were previ-
ously occupied by seagrass (Fonseca and Bell, 1998; Bell and
others, 2008). Therefore, natural resource managers should
take the slow recovery of seagrass habitat into account when
planning, designing, and implementing barrier island restora-
tion projects.

Habitat suitability index (HSI) models can be used as a
screening or risk assessment tool by coastal restoration and
resource managers to efficiently manage restoration activities
to achieve barrier island restoration, reduction in degradation,
and enhancement of habitat suitability for critical estuarine
and marine species. Nevertheless, there are few HSI models
that address habitat changes of wetland, estuarine, and marine
species including seagrass near barrier islands.

Purpose and Scope

The objectives of this study were to (1) develop a spa-
tially explicit HSI model for seagrass in the estuarine waters
near Dauphin Island, Alabama, by using literature to establish
an initial model; (2) refine the model by using site-specific
biological and water quality data to calibrate and validate the
HSI model; and (3) use the model to assess how habitat suit-
ability for seagrass changes for two potential future storminess
(decadal-scale variation in storm frequency and intensity) and
sea-level scenarios and a variety of restoration actions includ-
ing beach and dune restoration, marsh restoration, placement
of sand in the littoral zone or nearshore, and the no-action
alternative. Habitat suitability model results could help resto-
ration and resources managers make ecosystem-based deci-
sions to achieve the goal of enhancing barrier island resiliency
through improving ecological functions and seagrass habitat.
This model could be modified to predict seagrass habitat suit-
ability for other estuaries and bays near barrier islands.

Methods

Study Area

The study area is mainly the shallow water areas with
depths less than (<) 2.5 meters (m) near Dauphin Island and
Mobile Bay, Ala. (fig. C1). The focus area for this effort is
the estuarine waters of the Mississippi Sound on the north (or
back-barrier side) of Dauphin Island, where seagrass beds are
historically found in abundance (Pham and others, 2014; Vittor
and Associates, Inc., 2015). Shallow waters to the south of
Dauphin Island facing the northern Gulf of Mexico are unsuit-
able for seagrass bed development because of their exposure
to high wave energy. Tides in this area are diurnal with mean
tidal amplitude of 0.4 m and with salinity varying from 20 to
27 parts per thousand (ppt; Sharma and others, 2016).

Model Development

Along the Mississippi Sound and coastal Alabama,
Halodule wrightii (shoal grass) is an opportunistic mesohaline
to polyhaline species of seagrass (Hall and others, 2006). This
species is the dominant species (>62 percent) of seagrass com-
munities in this area because of its rapid growth and tolerance
to a wide range of salinity (Eleuterius, 1989; Dunton, 1994;
Vittor and Associates, Inc., 2004; Pham and others, 2014).

H. wrightii was found to be an early successional pioneer spe-
cies that can occupy areas recently disturbed or areas with a
fluctuating physical environment (Santos and Lirman, 2012).
As aresult, H. wrightii was the species chosen on which to
focus the HSI model. This was done by linking the biological
and ecological characteristics (percent coverage, aboveground
biomass, and height) of this species to environmental factors.
Previous studies found that H. wrightii and other seagrass
species are highly susceptible to changes in water quality
variables (salinity, water depth, and turbidity), geomorpho-
logical variables (water depth), and hydrodynamic variables
(exposure to wind waves) (Koch, 2001; Santos and Lirman,
2012; Hillmann and others, 2016; Shafer and others, 2016a;
La Peyre and others, 2017; DeMarco and others, 2018). These
findings were considered for determining estuarine water qual-
ity parameters and geomorphological parameters that could be
used in the seagrass HSI model developed in this study.

Data Collection

The U.S. Geological Survey (USGS) Louisiana Fish
and Wildlife Cooperative Research Unit and Louisiana State
University (LSU) Agricultural Center completed seagrass
monitoring across the northern Gulf of Mexico during
the peak of the growing season in mid-June through early
September in 2013, 2014, and 2015 (Hillmann and oth-
ers, 2016; La Peyre and others, 2017; DeMarco and others,



81

Methods

pub Ayijenb sarepy @ pueq _H_ FECIT ST G . ¢ z
L Il Il Il

"puIB japow Aujenb Jaiem ay) wolj seale pazijesauab aie seale Jalem pue pueq ‘eweqe|y ‘puejs| uiydneq Joy Buispow Aujigens 1euqey sseibeas ayp jo ealte Apnig

NOILVYNV1dX3 SHILINOMNG ¥ €

o 4+ o

ODIXAW 40 A11H

pue|s|:ueaijad

AV ANV ISENIHd Y A
puejs|iulydneq.ame

1U10d-1epaY

AVE ATId0N

SRICIVINEY]

ANNOS IddISSISSIN

—ssed

SI0gad |

M.S088 M.01.88

M.S1.88

M.02-88

19 anbyy

N.L1.0€

N.¢1.0€

N.E1.0€

N.71.0€

N.GL.0€

N.9L.0€

N.LLo0€

N.81.0€

N.61.0€

N.0Z-0€

N.1Z.0€



82 Predicting Barrier Island Habitats and Oyster and Seagrass Habitat Suitability for Dauphin Island, Alabama

2018). Data were collected at a total of 384 sites (see fig. 1 in
Hillmann and others, 2016). This collection included seagrass
data on vegetation coverage, aboveground biomass, and dis-
crete water quality (temperature, turbidity, dissolved oxygen
[DO], and pH) for 14 submerged aquatic vegetation species
including H. wrightii. Salinity, temperature, and water depth
differed substantially by salinity zones (that is, fresh, interme-
diate, brackish, and saline) across the northern Gulf of Mexico
(Hillmann and others, 2016). The coverage and biomass for
H. wrightii were used in model development.

From 2011 to 2016, the National Park Service (NPS)
Gulf Coast Inventory and Monitoring Network (GULN) con-
ducted long-term seagrass monitoring at 170 permanent sta-
tions (https://irma.nps.gov/DataStore/DownloadFile/610650)
including locations at four of the islands in the Mississippi-
Alabama barrier island chain (Cat Island, Ship Island, Horn
Island, and Petit Bois Island). NPS GULN seagrass moni-
toring data include seagrass metrics (species composition,
canopy height, percent coverage) and water quality measures
(temperature, pH, DO, salinity, turbidity, chlorophyll a, and
Secchi depth). These field data for H. wrightii were also used
in model development and model validation.

Model Parameters and Curve

Variable 1—Mean Salinity during the Summer
Growing Season (April-August)

Seagrass peak presence occurs from the spring to sum-
mer, and the highest likelihood of seagrass occurrence is dur-
ing summer months (Visser and others, 2013). Thus, the mean
salinity during the summer months (April to August) was used

for developing the relation between salinity and the habitat
suitability score. The model curve was based on the relation
between salinity and seagrass coverage and biomass using
salinity observations (range: 9-35 ppt; optimal: 30-33 ppt)
from La Peyre and others (2017) and analyzed with in situ
seagrass monitoring data from NPS GULN (percent coverage,
seagrass height, and water quality) (see “Data Collection™)
(fig. C2).

Variable 2—Mean Temperature during the
Growing Season (April-August)

Previous studies have indicated that temperature affects
seagrass growth and survival (Mazzotti and others, 2008) and
is most limiting in the winter (Koch, 2001). The temperature-
habitat score curve was derived from seagrass coverage,
biomass, and temperature data from La Peyre and others
(2017). Parameters used included a minimum temperature
of 22 degrees Celsius (°C), an optimal range of 28-32 °C,
and analyzed with in situ seagrass monitoring data from NPS
GULN (percent coverage, seagrass height, and water quality;
fig. C3).

Variable 3—Annual Mean Water Depth

Light availability is often determined as one of the main
factors controlling the distribution and production of seagrass
in shallow systems (Dunton, 1994; Millet and others, 2010).
In this study, water depth and total suspended solids (TSS)/
turbidity were used as a proxy for light availability because
the water quality models that were used for this study do not
output light information. Normally, the vertical distribution
of seagrass beds is limited by upper (determined by tides and
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Figure C2. Relation between seagrass habitat suitability index and mean growing season salinity (in parts per thousand) from April to

August for Dauphin Island, Alabama.
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Figure C3. Relation between seagrass habitat suitability index and mean growing season water temperature (in degrees Celsius)
from April to August for Dauphin Island, Alabama.
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Figure C4. Relation between seagrass habitat suitability index and annual mean water depth (in meters) for Dauphin Island,
Alabama.
waves) and lower (determined by light penetration) depths previous studies on seagrass along the barrier islands within

(Koch, 2001). Seagrass coverage and biomass from La Peyre the Mississippi Sound (Heck and others, 1994).
and others (2017) were plotted with water depth, and the curve

was then revised based on the coverage and height data from . .
in situ seagrass monitoring data with depth from NPS GULN Variable 4—Mean Total S uspen ded Solids/

(fig. C4). The maximum depth was determined to be 2.5 m, Turbidity during the Growing Season (April-
with the optimal depth of 1.0 to 1.5 m, based on the observed August)

occurrence of H. wrightii with depth near Dauphin Island and
Turbidity was used with water depth to indicate the

level of light availability. It was found that turbidity could be
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Figure C5. Relation between seagrass habitat suitability index and annual mean total suspended solids (in milligrams per liter) for

Dauphin Island, Alabama.

used to supplement light attenuation in determining seagrass
response to sedimentation associated with dredging activities
(Newell and Koch, 2004; Lawson and others, 2007; Shafer
and others, 2016b). An increase in turbidity is associated with
reduction in available light, which can lead to a decline in
seagrass coverage and density (DeMarco and others, 2018).
The TSS/turbidity-habitat curve was developed from seagrass
coverage and biomass data during 201315 (La Peyre and oth-
ers, 2017). The optimal TSS concentrations were determined
between 60 and 120 milligrams per liter (mg/L) when peak
biomasses with large coverage occurred. TSS greater than
265 mg/L would not support seagrass survival and growth
(fig. C5).

Variable 5—Exposure to Wind and Waves—
Relative Wave Exposure Index

Researchers have found that physical settings of sea-
grass beds, as measured by the relative (wave) exposure
index (REI), along with information on tidal current velocity
and water depth, could account for some of the variation in
seagrass composition, coverage, shoot density, and below-
ground biomass (Fonseca and Bell, 1998). Seagrass beds can
be forced into deeper waters because of wave exposure from
increased wind velocity and reduced light availability from
sediment resuspension (Fonseca and Bell, 1998; Koch, 2001;
Millet and others, 2010; Carr and others, 2016; DeMarco
and others, 2018). Seagrass has generally not been found on
the gulf-facing beaches of the island chain in the Mississippi
Sound because of high wave energy (Pham and others, 2014).
The impact of wind and wave energy on coastal seagrass
distribution and growth is rarely incorporated in HSI mod-
eling, but it has been found to be critical and significant in

many studies (Newell and Koch, 2004; Cho and Biber, 2016;
Saunders and others, 2017; DeMarco and others, 2018). A
linear decrease in the probability of seagrass occurrence with
exposure was found by DeMarco and others (2018). The
relation between REI and seagrass percent coverage for the
Dauphin Island area was developed using in situ seagrass
monitoring data from NPS GULN. The process followed
for this study was used by Fonseca and Bell (1998) to cal-
culate REI. Wind climatology data were acquired from the
U.S. Army Corps of Engineers (USACE) Wave Information
Studies Gulf of Mexico station 73151. These data were col-
lected at a height of 5 m just south of Dauphin Island from
1980 to 2014. From these data, we extracted the winds that
exceeded the 95th percentile wind speed. Next, we calculated
the grand mean (that is, mean of monthly means of daily
maximum winds) for wind speed for eight vectors from 0 to
360 degrees (°) in 45 © increments. The equation for REI is
as follows:
REL = 3(V, %P, xF) (1)
where
i is each of the vectors discussed previously,
V' is the grand mean for wind speed in each
respective vector,
P is the percentage of frequency that wind
occurred in this vector (i), and
F is the effective fetch, in meters.
Fetch is the distance between a point in a water body to
a land mass (that is, subaerial land). Effective fetch is calcu-
lated by determining fetch in nine 11.25 ° increments for a
given vector weighted by the cosine of the angle; for example,
the effective fetch for 0 to 45 ° would include weighted fetch



calculations for vectors from 315 to 45 ° in 11.25 ° incre-
ments. The use of effective fetch allows for the ability to
capture minor irregularities that could be missed by using

a single fetch vector for a given zone (that is, 22.5 ° for the
vector from 0 to 45 °). To reduce computational complexity,
we restricted the REI calculations to estuarine unconsolidated
bottom wetlands from the U.S. Fish and Wildlife Service’s
National Wetlands Inventory data that had water depths less
than about 2.5 m.

For the REI for the initial model calibration (fig. C5) and
land areas other than Dauphin Island (that is, Petit Bois Island
and other islands and mainland areas to the north), water depth
was extracted from the 3-m USGS Coastal National Elevation
Database (CoNED) topobathymetric digital elevation model
(TBDEM,; Thatcher and others, 2016) for the northern Gulf of
Mexico. This TBDEM includes historical bathymetric and top-
ographic data from various periods between 1917 and 2011.
The vertical datum of the CONED TBDEM was transformed
from the North American Vertical Datum of 1988 to local
mean sea level based on observations during the most recent
North American Tidal Datum Epoch (1983 to 2001) from a
National Oceanic and Atmospheric Administration tide gauge
(station identifier 8735180) on the eastern end of Dauphin
Island. Next, Monte Carlo simulations with 100 iterations
were used to develop a probabilistic surface related to an area
being subtidal using bathymetric data uncertainty assumptions
from Byrnes and others (2002). For more information on this
process, see Enwright and others (2019). This probability sur-
face was used to extract nonsubtidal areas (that is, subaerial or
land areas for fetch estimation). For modeled outputs includ-
ing the baseline 2015 geomorphology conditions and various
restoration measures under storminess and future sea-level
conditions, the subaerial area (that is, intertidal and supratidal/
upland areas) for Dauphin Island was extracted from the geo-
morphic TBDEMs (Mickey and others, 2020) as outlined in
the landscape-position habitat model results (chapter A). For
future conditions for areas outside the Dauphin Island habitat
modeling domain (chapter A), we used the CONED data, but
opted to leave the shorelines static (that is, did not incorporate
sea-level rise [SLR]) because these areas were not modeled in
our effort. The rationale for this was that we preferred to not
make assumptions as to whether or not these areas may keep
pace with SLR. In other words, only the Dauphin Island shore-
line was dynamic with regard to sea level and storminess. This
is a reasonable assumption because we would mainly expect
the seagrass impacts related to exposure to be localized to
Dauphin Island. The spatial resolution of the REI was 250 m.
REI was normalized to range from 0 to 1. The cutoff point of
the normalized REI at which seagrass is not present was set at
0.85 based on in situ seagrass monitoring data (fig. C6).

The final total HSI score (HSI, , ) is based on these five
variables. The final score was calculated using the weighted
geometric mean method as follows:
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HSL,, = ([, V")"" = e[S ) (C2)
where
V. is the ith environmental variable,
4 is the weight of V,
n is the number of variables in the total HSI
model, and HSI, , =0, if any V=0.

The calculated suitability index values were classified
into the following groups based on Theuerkauf and Lipcius
(2016) with modification: HSI, , ,>0.7 is highly suitable;

HSI 0.5-0.7 is suitable; HSI 0.3—0.5 is marginally suit-

total total

able; and HSI  <0.3 is unsuitable.

total

Model Calibration and Validation

Seagrass height, percent coverage, and water quality vari-
ables collected at stations on two islands across Mississippi
Sound (Horn Island and Petit Bois Island) from the NPS
GULN seagrass monitoring data were used for the refine-
ment of the curves derived from the LSU dataset (La Peyre
and others, 2017) and modification of variable weights. TSS
data were not available in the GULN dataset, so this informa-
tion was derived from light attenuation at measurement depth
using the relation between light attenuation and TSS that was
derived from field data collected at Dauphin Island Bridge in
summer of 1977 (fig. C7; Crozier and Schroeder, 1978).

During the calibration, which included curve refinement
and weight adjustment, the total HSI scores for H. wrightii
across the 18 LSU sites from 2013 to 2015 were compared
with the average percentage of coverage and aboveground bio-
mass to determine the optimal curve and weight for each vari-
able in the model. The values of exposure to wind and waves
at 3 of the 18 LSU sites were estimated using the methods
described above. The final weights of variables were deter-
mined in the order of salinity (5) > depth (4) > wave exposure
(3) > temperature (2) > TSS/turbidity (1) based on a literature
review, expert opinion, and model calibration.

We used seagrass height and water quality data collected
during the summer (August—September) from the NPS GULN
stations on two islands in the Mississippi Sound (Cat Island
and Ship Island, which were not used in model calibration)
during 2011-16 for model validation. The values of exposure
to wind and waves at GULN stations were estimated using the
methods described above. Seagrass height rather than percent
coverage was used in model validation. The rationale for this
decision was that once seagrass presence occurs, the growth,
biomass, and health measured by height and (or) aboveground
biomass should be closely related to habitat quality.

Simulations for Restoration Measures

This Alabama Barrier Island Restoration Feasibility
Assessment project included seven potential restoration
measures that were incorporated into the simulations of long-
term barrier island geomorphology (Mickey and others, 2020;
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table C1). The evolution of restoration assessments was evalu-
ated over a decadal period and under various future conditions
related to storminess and future sea level (Mickey and others,
2020) using the numerical model Delft3D (Mickey and others,
2020), an empirical dune growth model (Mickey and others,
2020), and a landscape-position-based barrier island habitat
model (chapter A). To quantify the effects of these restoration
measures, changes in habitat suitability classes were compared
to a future without action (R0) alternative.

We assessed the impacts of restoration measures under
two potential scenarios with regard to storminess and sea

Relation between total suspended solids (in milligrams per liter) and light attenuation (as a percentage) using data from

level. The storminess bins included realizations with a
“medium” storminess, which included one to three storms
over a 10-year period (that is, ST2), and a “high” storminess,
which included four to five storms over an equal period (that
is, ST3). As previously mentioned, we predicted habitats under
two future sea levels. These included a sea level of 0.3 m

(that is, SL1) and a sea level of about 1.0 m (that is, SL3).
Specifically, the medium storminess bin was paired with the
0.3 m sea level (that is, ST2SL1) and the “high” storminess
bin was paired with the 1.0 m sea level (that is, ST3SL3). For



Table C1.
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Restoration measures for the Alabama Barrier Island Restoration Feasibility Assessment project, Dauphin Island, Alabama.

For more information see Mickey and others (2020).

[R, restoration measure; km, kilometer; m, meter; ~, approximate value]

Restoration measure

Description

Future without action (R0)

Katrina Cut structure
sand berm (R1)

Pelican Island southeast
nourishment (R2)

Sand Island platform nourishment
and sand bypassing (R3)

West and east end beach and
dune nourishment (R4)

Back-barrier tidal flats and marsh
habitat restoration (R5)

West end beach and dune
nourishment (R6)

West end and Katrina Cut beach

No restoration action.

Sensitivity testing related to the Katrina Cut structure (habitat suitability index modeling was not com-
pleted for this measure).

Pelican Island nourishment that extended the island by about 2.6 km to the south of the present tip of
Pelican Island.

Nourishment of the submerged Sand Island platform that is designed to increase the elevation to 2 m
below mean sea level, which is 5 m higher than some current bed-elevation levels in this area.

Nourishment of the beach east of the Katrina Cut and the shorefront area east of Pelican Island to raise
beach and dune elevations by a maximum of about 3.7 m.

Marsh restoration and filling of burrow pits along the back-barrier area of Dauphin Island.

Modified version of the R4 measure, which moved the restored dune area landward with no sediment
nourishment east of Pelican Island.

Modified version of the R6 measure extends these changes west to the front side of the Katrina Cut

and dune nourishment (R7) rubble wall structure.

more information on how these storminess and sea-level bins
were selected, see Mickey and others (2020).

To account for intertidal marsh vertical accretion as a
component of marsh morphology evolution, the Dauphin
Island landscape-based habitat model (chapter A) determined
two situations: the USACE high and intermediate SLR curves.
Marsh would keep pace with SLR through accretion (1 centi-
meter per year) until 2022 under the USACE high SLR curve,
whereas marsh would keep pace with SLR by accretion for the
entirety of the USACE intermediate SLR curve (chapter A).
Therefore, four future storminess and sea-level scenarios were
run for seagrass habitat suitability modeling: (1) “medium”
storminess and a 0.3-m sea level using the USACE high curve
when intertidal marsh did not keep with SLR for much of the
SLR curve (ST2SL1H); (2) “medium” storminess and a 0.3-m
sea level using the USACE intermediate curve when intertidal
marsh largely kept pace with sea level (ST2SL1I); (3) “high”
storminess and about a 1.0-m sea level using the USACE high
curve when intertidal marsh did not keep with SLR for much
of the SLR curve (ST3SL3H); and (4) “high” storminess and
about a 1.0-m sea level using the USACE intermediate curve
when intertidal marsh largely kept pace with SLR (ST3SL3I).
For more information about the storminess scenarios and
SLR curves, see Mickey and others (2020) and chapter A,
respectively.

Water Quality Model Data

The impacts of the proposed restoration measures on
estuarine and marine-water quality near Dauphin Island were

simulated by the coupled hydrodynamic and water qual-

ity models. The USACE three-dimensional model (Johnson
and others, 1993), based on Curvilinear Hydrodynamics

in 3 Dimensions—Waterway Experiment Station version
(CH3D-WES) has been proven to be a successful manage-
ment model for the U.S. Environmental Protection Agency
Chesapeake Bay Program water quality modeling system
(Kim, 2013). The CH3D-WES provides transport to a water
quality model, the USACE Integrated Compartment Water
Quality Model (CE-QUAL-ICM; Cerco and others, 2013),
which has been used to manage the bay’s water quality by
the Chesapeake Bay Program and, thus, the simulation period
spans over decades. The hydrodynamic model, CH3D-WES,
computes salinity, surface elevation, velocity, diffusivity, and
bottom shear stress. Eutrophication processes are computed by
the CE-QUAL-ICM eutrophication model. The CE-QUAL-
ICM model in this study incorporates 24 state variables in
the water column including physical variables; multiple

algal groups; two zooplankton groups; and multiple forms of
carbon, nitrogen, phosphorus, and silica. For each variable,
we used depth averaged water quality parameters. Because
of feasibility limitations, water quality model outputs were
not developed for each specific restoration measure. Instead,
three general models were developed. The first water quality
model included baseline 2015 geomorphology conditions with
no island breaching (model name BASE). The second water
quality model included SL3 water levels with a single breach
west of Katrina Cut. The third water quality model included
SL3 water levels and breaching on either side of the Katrina
Cut (2BKO).
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One challenge was to determine how water quality out-
puts should be paired with each scenario (that is, combination
of restoration measure along with storminess and sea-level
conditions). It was hypothesized that geomorphology (that is,
if island breaching is present) would be the most sensitive fac-
tor when deciding which water quality output to use. In other
words, an absence of breaches would lead to the use of the
BASE water quality outputs even when assessing habitat suit-
ability for potential realizations with the ST3SL3 conditions.
This hypothesis was tested by assessing habitat suitability for
ST3SL3 conditions using the BASE and 2BKC water quality
outputs. It was noted that the presence of a breach near Katrina
Cut for water quality models led to a reduction in suitability in
plume-shaped areas extending northward from the “breached”
areas into estuarine waters of the Mississippi Sound; thus, it is
more important to properly match the breaching scenario com-
pared to the sea-level scenario. The water quality data used for
each restoration measure and storminess/sea-level combina-
tion are shown in table C2.

Habitat Suitability Index Model Spatial
Framework and Processing

The domain of the HSI models generally matches the
model domain for the landscape-position-based model (chap-
ter A), which covered a 2.5-km buffer from Dauphin Island.
One modification to the HSI domain was the addition of
areas near Cedar Point in the northeastern edge of the land-
scape domain. The spatial resolution of the HSI varies and is
matched to the resolution of the water quality model. The area
of the cells in this grid ranged from about 1 hectare (ha) in the
Mobile River shipping channel to 56 ha in offshore estuarine
and marine waters and had a median of 6.7 ha. Esri ArcMap
10.7.1 (Redlands, California) was used to calculate values of
each habitat suitability variable (for example, mean growing
season salinity and mean growing season water temperature)
from water quality model monthly output for cells in the water
quality grid for each scenario (table C2). Similar to chapter B,
the mean water depth variable was estimated using the geo-
morphic outputs for each scenario (that is, combination of res-
toration measure, storminess, and SLR). Landscape-position-
based habitat model outputs (chapter A) were used to calculate
the mean water depth. This water depth was relative to mean
sea level based on observations during the most recent North

Table C2. Restoration measures for the Alabama Barrier Island Restoration Feasibility Assessment project, Dauphin Island, Alabama.

[SL, sea level; Y, year; BASE, baseline water quality model with no breaches; ST2SL1, “medium” storminess bin was paired with the 0.30-meter sea-level rise;
ST3SL3, “high” storminess bin was paired with the 1.0-meter sea-level rise; 2BKC, water quality model with sea level of about 1.0 meter and breaching on both
sides of Katrina Cut; IBSAL, water quality model with sea level of 0.96 meter and one breach on the western end of Katrina Cut]

Water quality data

Restoration measure Storminess/SL

YO0 high Y10 high YO0 intermediate Y10 intermediate
Baseline' SLO BASE BASE BASE BASE
Future without action ST2SL1 BASE BASE BASE BASE
(RO) ST3SL3 BASE 2BKC BASE 2BKC
Pelican Island southeast ST2SL1 BASE BASE BASE BASE
nourishment (R2) ST3SL3 BASE 2BKC BASE 2BKC
Sand Island platform ST2SLI1 BASE BASE BASE BASE
nourishment and sand g3y 3 BASE 2BKC BASE 2BKC
bypassing (R3)
West and east end beach ST2SL1 BASE BASE BASE BASE
?Ej)dune nourishment g3y 3 BASE IBSAL/2BKC BASE IBSAL/2BKC
Back-barrier tidal flats ST2SL1 BASE BASE BASE BASE
and marsh habitat ST3SL3 BASE 2BKC BASE 2BKC
restoration (R5)
West end beach and dune  ST2SL1 BASE BASE BASE BASE
nourishment (R6) ST3SL3 BASE IBSAL/2BKC BASE IBSAL/2BKC
West end and Katrina ST2SL1 BASE BASE BASE BASE
Cut beach and dune ST3SL3 BASE BASE? BASE BASE?

nourishment (R7)

'Sea-level rise curves (that is, high and intermediate) and periods (that is, YO and Y10) are not applicable to the baseline condition. The baseline condition

used the BASE model and the 2015 geomorphology data.

2BKC was used in the areas where breaching occurred near Little Dauphin Island and Pelican Island.



American Tidal Datum Epoch (1983-2001) from a National
Oceanic and Atmospheric Administration tide gauge (station
identifier 8735180) on the eastern end of the island. Simula-
tions were run for the initial year (Yr=0) and a period after

10 years (Yr=10) with the corresponding water quality input.
A Python script (Python 2.7) was developed to read in the val-
ue of each habitat suitability parameter in spatial layers of the
habitat suitability variables, calculate the individual suitability
index based on the habitat suitability curves (figs. B2-B6) and
determine the total HSI using the weighted geometric mean
method, classify the suitability scores (0 to 1) into groups, and
generate a spatial distribution map of oyster habitat suitability
designations (that is, unsuitable, marginally suitable, suitable,
and highly suitable).

The water quality grids (table C2) matched general island
configurations related to breaching and (or) sea levels. We
made a few minor modifications to the grids to enhance the
comparability of the HSI outputs. First, we used the BASE
grid for all the R7 simulations for the ST3SL3 scenarios,
which matched the breaching scenario for Katrina Cut (that is,
restoration prevented breaching along Katrina Cut); however,
the geomorphology for the BASE grid is not correct for
year 10 for Little Dauphin Island and Pelican Island (that is,
does not contain breaching that was identified by geomorphic
modeling). In order to account for the breaching at Little Dau-
phin Island and Pelican Island, we used the habitat suitability
values that were determined for RO for the ST3SL3 for
year 10 for the missing water quality cells for Little Dauphin
Island and Pelican Island. Second, the resolution of cells in
each grid may differ, which can cause issues along the bound-
ary of the model domain. For instance, the 2BKC water qual-
ity grid has areas where a single cell is made up of two cells.
To enhance comparisons between each grid and avoid an issue
with missing data, we merged two cells in 2BKC to match the
grid registration of BASE for one boundary cell at the north-
central portion of the model domain.

Habitat Suitability Index Model Results
and Discussion

The following sections will include the results and dis-
cussion for the seagrass habitat suitability under baseline con-
ditions and future conditions. Data generated during this study
are available from the ScienceBase (Wang and others, 2020).

Seagrass Habitat Suitability Model Validation

There was a significant and positive correlation between
habitat suitability score and seagrass height (fig. C8), indicat-
ing that the seagrass habitat suitability model is related to
habitat quality for seagrass distribution and growth. The low
coefficient of determination (R?; <0.5) is attributed to (1) the
uncertainty in the relation between water quality variables
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and habitat suitability, (2) the lack of other critical biophysi-
cal parameters such as substrate type and nutrients (nitrogen
and phosphorus) and historical seagrass presence or absence
onsite, (3) the lack of a commonly used light availability
parameter (for example, photosynthetically active radiation),
and (4) variability in the water quality parameters over space
and time (Kemp and others, 2004; Zajac and others, 2015; Cho
and Biber, 2016).

Seagrass Habitat Suitability Distribution under
Baseline Condition

The baseline seagrass suitability distribution (that is,
2015 geomorphology contemporary conditions without SLR)
in estuarine waters of Dauphin Island is shown in figure C9.
Generally, the estuarine waters on the leeward side of the bar-
rier island with a water depth of <2 m are suitable for seagrass
presence, and the suitability is classified as marginal (0.3-0.5).
Areas with suitable to highly suitable HSI scores were found
in the shallow waters in the middle and northeast of Dauphin
Island. Seagrass mapping efforts over the past 15 years have
found that seagrass beds were distributed mostly in shal-
low waters on the leeward side of Dauphin Island and, more
specifically, west of Katrina Cut (Vittor and Associates, Inc.,
2004, 2005, 2009, 2015), where they were protected from
high wind and wave energy of the Gulf of Mexico. For these
mapping efforts, there were no seagrass beds found in shallow
waters on the high wave energy gulf-facing side of Dauphin
Island. Although our HSI model has successfully identified
the suitable areas where seagrass has been found over the past
15 years, there were some areas, such as Dauphin Island Bay,
Graveline Bay, and Aloe Bay (west of Dauphin Island Bay and
north of Dauphin Island), that the model considered to have
some level of suitability, yet seagrass has not historically been
detected there. Although these areas do have shallow water
and are generally sheltered, it is possible that seagrass beds
have not thrived here because of the impact of human activi-
ties on water quality. These impacts could be potentially asso-
ciated with a wastewater treatment outflow in the area, which
could impact nutrient levels. As a reminder, nutrients were not
incorporated in the HSI model. For all scenarios, including
the baseline, we did not have any areas with a highly suit-
able score. We suspect this is related to the previously men-
tioned limitations to the HSI model related to nutrients. These
issues certainly point to room for improvement in the model;
however, despite these limitations, the model can still be used
to capture the relative impact to seagrass habitat suitability
for various restoration measures under future conditions with
regard to storminess and sea level.
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Figure C8. Validation result of the seagrass habitat suitability index model for Dauphin Island, Alabama, using seagrass height data

from the National Park Service Gulf Coast Inventory and Monitoring Network.

88°20'W 88°15W 88°10'W 88°05'W
I I I I
EXPLANATION l{” iy
30°20N [~ Seagrass habitat suitability ”."I’ "" _
B suiasie ST
. P
|:| Marginally suitable - H ...
|:| Unsuitable ’
30°18N -
] Land MISSISSIPPI SOUND i Iny N
—LittléiDaﬁphinJ?land
VoS
S NN
016N [ N ‘:-“ -
WY
—— | i
. _Petlt;Bﬂ,sﬁ Ei = AN X “ \“{\\\\{&m\:&\l{\l\
30°14N kPasst& = AV N D i ar \\\\\“\\I\\\\\\‘\\\\\\ 7
e = - - —\— S iang iy
— — 3 §‘. N %’I;;;Hﬁl;lﬂl;;wwl%m
X L T
‘ i
o i il
N == = i e |
GULF OF MEXICO i IIIIIII/I//l///////////////////////III//////////IIII ]
it IIII/I/I//////////////////////%////”//////////,,,,[
s
nmm:ﬂ/l/////////////////////////////////;;/”/,/,//,,,,,,, 1]
iy o
i
30°10N = I | | L

1 2 3 4  5KILOMETERS

T T T T 1
1 2 3 4 5 MILES

o — o

Figure C9. The distribution of seagrass habitat suitability in estuarine waters near Dauphin Island, Alabama, for the baseline model

(2015). Land and water areas are generalized areas from the water quality model grid.



Seagrass Habitat Suitability Distribution
for Various Restoration Measures, Future
Storminess, and Sea-Level Rise

Included in table C3 is a summary of the areal coverage
of seagrass HSI bins for the proposed barrier island restora-
tion measures including the future without action conditions
(RO) for the previously described storminess, sea level, and
SLR rate combinations for year 0 and year 10. These tables
also include the percentage change per habitat suitability bin
compared to RO. The seagrass HSI distribution under the RO
is shown in figure C10 for year 10 for the ST2SL1 scenario
(fig. C104) and for the ST3SL3 scenario (fig. C10B) for the
high USACE SLR curve. Compared to HSI distribution under
the baseline condition (fig. C9), the ST2SL1 scenario would
slightly reduce the seagrass suitable areas, but the general
pattern and distribution of suitability would not change
(fig. C104); however, under the ST3SL3 scenario, the area
and pattern in seagrass suitable areas would change dramati-
cally via a reduction and fragmentation of suitable areas
(fig. C10B). This is likely because of the increased water depth
and increased salinity because of island breaching (chapter A).
Along those lines, researchers have noted a substantial drop
in vegetated seagrass area for Ship Island in the Mississippi
Sound after major breaching during Hurricane Camille in 1969
(Pham and others, 2014). The results of this study indicated
that breaching in the Katrina Cut area of Dauphin Island
would certainly impact local seagrass distribution and growth.
The results highlighted in figure C10B suggest that, in the
absence of restoration, breaching combined with deeper waters
associated with SLR would impact the ability for seagrass
beds to provide ecosystem services, such as trapping of sedi-
ment to maintain barrier island morphology, enhancing habitat
for critical fish and other species, and adding blue carbon to
the system.

For the initial year simulation, under the ST2SL1
scenario with the high USACE SLR curve for the R0, most
of the estuarine waters in this study that are near Dauphin
Island (25,291.7 ha, 94.7 percent) are not suitable for sea-
grass distribution and growth with 1,005.6 ha (3.8 percent)
being marginally suitable and 400.1 ha (1.5 percent) being
suitable (table C3). With the increase in storminess and sea
level (ST3SL3), the area in the unsuitable class increased to
26,107.9 ha (97.8 percent), whereas the marginally suitable
and suitable areas decreased to 415.6 ha (1.6 percent) and
173.8 ha (0.7 percent), respectively (table C3). Several restora-
tion measures, including R2, R3, and R4, did not tend to affect
the seagrass habitat distribution regardless of the storminess
and SLR conditions. The areal change percentages under these
restoration measures were close to zero, except for an increase
of about 0.2 percent for the suitable class under R4 for the
ST3SL3 scenario (table C3). This increase of suitable area
with R4 could be attributed to a reduction in breaching (that
is, there was only a breach on the western side of Katrina Cut).
Small increases (>1 percent) in the areas of marginally suitable
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and suitable classes can be reached with the R5, R6, and R7
restoration measures for the ST2SL1 scenario (table C3).
The most notable increase was for R7 where the suitable area
increased by 7.8 percent with ST2SL1 (table C3).

For the initial year under both storminess and sea-level
scenarios using the intermediate USACE SLR curve, restora-
tion measures R2 through R6 tended to not affect seagrass
habitat suitability. In contrast, R7 increased the area in the
suitable class by about 11.0 percent under the ST3SL3 sce-
nario for the intermediate USACE SLR curve. These increases
were offset with a slight decline in the marginally suitable
class (table C3). It is important to note that these minor
increases in suitable areas seem to be attributed to the arbitrary
bin breaks and minor changes in input parameters. In other
words, this difference is a result of one to two cells chang-
ing from marginally suitable to suitable as a result of minor
changes in REI and water depth. The net change led to the cell
being in another bin, but the magnitude of the change in the
HSI score may be negligible. As a result, we suggest that these
changes are more related to noise and uncertainty instead of an
impact from the restoration measure.

Model simulations indicated that the restoration activi-
ties tend to result in positive and negative impacts on seagrass
habitat in year 10, depending on the severity of the storminess
and the rate of SLR. The area of the suitable class under the
ST2SL1 scenario with the USACE high SLR curve tended not
to be affected by any of these restoration measures, although
there was a slight increase (<0.1 percent) for the unsuitable
class and a small decrease (<2.1 percent) in the marginally
suitable class (table C3, fig. C114—E). In comparison, RS had
an increase of about 2.8 percent for the marginally suitable
area, and a decrease of <0.1-percent area for the unsuitable
class (table C3, fig. C11D). Finally, R7 had an increase in the
marginally suitable areas of about 2.1 percent and an increase
in suitable area of more than 12 percent, with a slight decrease
in the unsuitable and suitable classes (table C3, fig. C11F).
The large change associated with R7 is related to breaching
conditions. The breaching condition varies under the ST3SL3
condition: RO and RS have breaches on either side of Katrina
Cut and along Little Dauphin Island and Pelican Island), R4
and R6 have one breach on the west side of Katrina Cut and
along Little Dauphin Island and Pelican Island, and R7 has no
breaching along Katrina Cut but breaches along Little Dauphin
Island and Pelican Island. The changes associated with RS are
similar to the changes noted earlier with regard to change of a
single cell, are most likely noise, and should not be attributed
to the restoration measure.

Similarly, for year 10 using the USACE intermediate
SLR curve, R2 and R3 did not affect seagrass habitat under
ST2SL1 (table C3). R4, R6, and R7 tended to result in a slight
increase (<0.1 percent) in the unsuitable class and a decrease
(<2.2 percent) in the marginally suitable class (table C3). R5
could slightly reduce (<2.7 percent) the suitable area while
slightly increasing unsuitable and suitable classes (table C3).
For the ST3SL3 scenario, R7 increases the area in the margin-
ally suitable class by 5.4 percent and the area in the suitable
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Figure C10. The distribution of the seagrass total habitat suitability index score under the future without action restoration measure

(R0) in estuarine waters near Dauphin Island, Alabama, for year 10 using the U.S. Army Corps of Engineers high sea-level rise curve.
A, with “medium” storminess and sea level (ST2SL1); B, with “high” storminess and sea level (ST3SL3). Land and water areas are
generalized areas from the water quality model grid.



Habitat Suitability Index Model Results and Discussion 95

88°20W 88°15'W 88°10'W 88°05'W 88°20'W 88°15'W 88°10'W
T

88°05'W
T T T T T

30°20'N A 30°20'N B ",
MOBILE | B MOBILE
BAY BAY
S018N = MISSISSIPPI SOUND o S0BNE MISSISSIPPI SOUND y
016N Katrina Cut e | s e |

i
PR
ity

30°14'N N 30°14'N
X
=

Wi

i

i
i

30°12'N = 30°12’N |-

GULF OF MEXICO
30°10'N 30°10'N 1 1 1
88°20'W 88°15'W 88°10'W 88°05'W 88°20'W 88°15'W 88°10'W 88°05'W
T T T T T T
30°20'N (= ¢ y 30°20'N (= D |
MOBILE MOBILE
BAY BAY
30°18'N = 30°18'N = |
MISSISSIPPI SOUND N MISSISSIPPI SOUND
- Katrina Cut “‘3\3:3:?\%8:“ >Daph|n | aenf i

SRR
S a%

T i
014N SRt 014N
Epelicanisiang. - A ~
SN e
i iy
30°12N i WI2N s
GULF OF MEXICO GULF OF MEXICO il
30°10'N 1 1 1 30°10'N 1 1 1
88°20'W 88°15'W 88°10W 88°05'W 88°20W 88°15W 88 10W 88°05'W
T T T T T T
wanp E I —— / 4
MOBILE MOBILE
BAY BAY
30°18N |- 4 seieN|
MISSISSIPPI SOUND MISSISSIPPI SOUND N
30°16'N - 4 s0en| i
S i
074N 4 30014N =-“x‘-:\§\:\¢g“\‘.“-‘\\\\&\\\‘m'\“ i
7 SO pelicanlsland
S\ \“‘3“‘2@‘1‘:@ il d
019'N i o % i
GULF OF MEXICO i GULF OF MEXICO
30°10'N 1 1 L 30°10'N 1 1 !
EXPLANATION 0 1 2 3 4 5 KILOMETERS
L 1 1 1 1 1
; o I T T T T 1
Seagrass habitat suitability 0 1 2 3 4 5 MILES

P suitable
|:| Marginally suitable
|:| Unsuitable

|:| Land
I:] Water
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class by 25.4 percent (table C3). Other restoration measures
tended to result in decreases in the marginally suitable and
suitable classes with no or little change in the unsuitable class.
For example, the suitable class tended to reduce by

0.4-1.9 percent with R4 to R6, the marginally suitable

class increased by 2.9 percent with R5 and reduced by
10.3—18.6 percent with R4 and R6 compared to the future
with no action (table C3). Similar to the results for the
USACE high curve, the loss of seagrass suitable areas under
these restoration measures could likely be related to breach-
ing. Collectively, these results indicate that, among the studied
restoration measures, R7 could lessen the chance of breaching
and enhance and preserve seagrass habitat suitability.

Discussion

Salinity, light availability, and other water quality param-
eters could change significantly at smaller time scales (for
example, daily and weekly) as a result of wind, storm events,
or human-induced events, such as eutrophication, biotic dis-
turbances, and salinity fluctuation (Millet and others, 2010).
If the changes in these critical factors exceed the tolerance of
seagrasses, then the vegetation could die off and not recover;
for example, high light attenuation may prevent the establish-
ment or maintenance of seagrass beds (Millet and others,
2010). A possible impact from this could be that the habitat
suitability values will not detect these episodic and extreme
changes because the monthly or annual averages of these
variables are used. Therefore, as more data become available,
future efforts should explore the development of within-year
HSI models (for example, monthly or even weekly) to avoid
the missing impacts from short-term, extreme environmental
condition change.

Researchers have found that water depth, suspended
sediment, phytoplankton biomass, and colored dissolved
organic matter affect light availability in shallow estuaries
(Ganju and others, 2014; Carr and others, 2016). With more
and more nutrient loading into the estuary, eutrophication and
algal blooms could affect seagrass beds; thus, water quality
variables, such as chlorophyll a concentration, may also need
to be added to the habitat suitability model along with water
depth and TSS to explain the spatial and temporal variability
in light availability for seagrass distribution and production.
Chlorophyll a concentration represents the abundance of
phytoplankton in estuaries and is a function of nutrient load-
ing, residence time, advection, grazing by zooplankton, and
other factors (for example, Kemp and others, 2004). Another
potential issue with this study is that our TSS values were
low. This was because of two factors: (1) the organic part
was not entirely incorporated; and (2) wind waves were not
incorporated in the coupled hydrodynamic and water quality
model (Kim, 2013). It was found that wind-driven sediment
suspension controls light availability in a shallow coastal
lagoon (Newell and Koch, 2004; Lawson and others, 2007);

moreover, wave climate, such as significant wave height, was
found to be the best predictor of seagrass occurrence and used
in seagrass habitat suitability modeling (Saunders and others,
2017; DeMarco and others, 2018). Besides process-driven
estuarine water quality models, wind/wave and sediment
transport models and simulation results in barrier island
regions should be used for future habitat suitability model-
ing, if they are readily available. For instance, bathymetric
data could be combined with the fetch data to provide wave
energy information using models such as the National Oceanic
and Atmospheric Administration’s Wave Exposure Model
(Fonseca and Malhotra, 2008).

In the future, mechanistic models that predict seagrass
growth and persistence under various environmental condi-
tions and human management are needed to not only know
the distribution and abundance of seagrass but also enhance
ecosystem services, such as capturing and storing more “blue
carbon” (carbon stored and sequestered in coastal ecosystems
such as mangrove forests, seagrass meadows, or intertidal
saltmarshes) through continuous and persistent growth of
seagrass communities (Hillmann and others, 2016; DeMarco
and others, 2018). Seagrass mechanistic models use photo-
synthetically active radiation at short time scales to simulate
seagrass growth and respiration with other environmental
variables, such as TSS and DO (Dunton, 1994; Millet and
others, 2010). Habitat suitability models often do not incorpo-
rate the feedback effects of seagrass on physical conditions;
for example, the positive feedback effect of seagrass on wave
attenuation. Thus, the impact of reduced sediment resuspen-
sion on seagrass biomass (Newell and Koch, 2004) was not
included in the habitat suitability modeling. Furthermore,
the interaction among physical, geological, and geochemical
factors that control seagrass distribution and growth cannot be
reflected in the habitat suitability model and require coupled
process-driven models.

Conclusions

HSI models can assist with the assessment and prediction
of the effect of barrier island restoration on seagrass habitat.
Among the seven restoration measures assessed, west end
and Katrina Cut beach and dune nourishment (R7) seemed to
be a major restoration activity that can have a large positive
effect on seagrass habitat suitability near Dauphin Island. The
positive influence of this restoration action could be attributed
to its potential to stop the inflow of high salinity saltwater
and lower exposure to wave energy by preventing breaching
around Katrina Cut. In general, other barrier island restoration
measures did not affect the seagrass overall habitat suitabil-
ity and distribution. For future efforts, the improvement of
this seagrass habitat suitability model would require more
field data on seagrass biology and water quality from well-
distributed stations along with additional model parameters,
such as substrate and nutrients.
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