ZUSGS

science for a changing world

Prepared in cooperation with the Louisiana State University Agricultural Center

Preliminary Assessment of Bioengineered Fringing
Shoreline Reefs in Grand Isle and Breton Sound,
Louisiana

By Megan K. La Peyre, Lindsay Schwarting, and Shea Miller

Open-File Report 2013-1040

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
KEN SALAZAR, Secretary

U.S. Geological Survey
Suzette M. Kimball, Acting Director

U.S. Geological Survey, Reston, Virginia: 2013

This and other USGS information products are available at http://store.usgs.gov/
U.S. Geological Survey

Box 25286, Denver Federal Center

Denver, CO 80225

To learn about the USGS and its information products visit http://www.usgs.gov/
1-888-ASK-USGS

Any use of trade, product, or firm names is for descriptive purposes only and does not imply
endorsement by the U.S. Government.

Although this report is in the public domain, permission must be secured from the individual copyright
owners to reproduce any copyrighted materials contained within this report.

Suggested citation:

La Peyre, M.K., Schwarting, Lindsay, and Miller, Shea, 2013, Preliminary assessment of bioengineered
fringing shoreline reefs in Grand Isle and Breton Sound, Louisiana: U.S. Geological Survey Open-File
Report 2013-1040, 34 p.

il


http://store.usgs.gov/
http://www.usgs.gov/

Acknowledgments

We thank the many people who were critical in completing field work, processing
samples in the lab, maintaining and/or providing boats and boat support. This includes Louisiana
State University Agricultural Center students and staff: Gary Decossas, Bran Wagner, Phil
Westbrook, Aaron Honig, Austin Humphries, Steve Beck, Ben Eberline, Molly Rybovich,
Jessica Furlong, Laura Brown, Mark Miller, Brandon Edwards, Cheryl Duplechain, Sandra
Casas-Liste, Jerome La Peyre; The Nature Conservancy staff: Cindy Brown, Amy Smith-Kyle,
Seth Blitch, Bryan Piazza, Jean Landry and Richard Martin. We thank John Supan and staff at
Louisiana Department of Wildlife and Fisheries for allowing use of the Louisiana Sea Grant
camp and the LDWF camp for lodging and use of the LDWF boat launch during the project.
This final report was greatly improved through comments from Dr. Steven Scyphers and Dr.
Lesley Baggett. This study was funded by a grant from The Nature Conservancy of Louisiana to
the Louisiana State University Agricultural Center. This study was performed under the auspices
of Louisiana State University IACUC protocols #08-005 and 11-006.

il



Contents

Y LY = Vo SRRSO 1
(0o [0 0o PSSO 2
SHUAY ATBAL... ettt s e bbbttt ettt ettt 9
Reef Construction and Sampling SCREAUIE ..o 10
PrOJECE MEINOUS.......cvcvceieci ettt bbbt b bbb e e e e et s s s s s 12
Shoreline Stabilization and Adjacent Marsh VIQOT ........cceiiiiiiiinsss s 12
REET SUSLAINADINITY ......vvvveeeeeeeeeee e e e et sttt 13
WALET QUANIY ...ttt s e e e et s s bbb bbbt b bbb b bbbt e s R e e s e e e e 15
HaDITAE ENNANCEMENT ...ttt 15
RESUIES NG DISCUSSION ....vevevieieieiiiiisisisisisie ettt ese s e e e e e s s e bbb s bbb s b e s e s e s s e e e e e g e s s s s s 16
SHOreling SEADIIZALION ..ottt n et 16
REET SUSTAINADIIITY ...t 19
WALET QUANIY ...ttt s e e e et s s bbb bbbt b bbb b bbbt e s R e e s e e e e 21
HaDItAt ENNANCEMENT ...ttt bbbttt 23
SUMMANY AN CONCIUSIONS .......vvveieieieieeiiie ettt e et et e sttt s b s s bt e s s e s e s e sene e e s 31
FULUE DIFECHIONS ...vvvcvetctiteee ettt b et e ettt bbb bbb bbb bR e st s e s s s s s 32
CIEBU RETBIENCES ... ettt bRttt e sttt bbb bbb bbb 33
Figures

Figure 1. Location of three study sites where artificial reefs were built in coastal Louisiana. Grand Isle reef
was completed in March 2011, and Lake Fortuna and Lake Eloi reefs were completed in December 2011

and January 2012, FESPECLIVEIY. .....cvcveuiririririiiiiie et n st n st s st 4
Figure 2. One triangular ReefBIk™ unit being installed in coastal Louisiana waters. Photograph used with
permission of Amy Smith Kyle of The Nature CONSEIVANCY. ......covvuiirirriiririiesiiesisisisisisssssissssesssssssesesesesens 5
Figure 3. Grand Isle, Louisiana, experimental reef sites and reference Sites. .........cocovvvveeevsnniccennn, 6
Figure 4. Lake Eloi, Louisiana, experimental reef sites and reference SiteS............covvvvvreesnsniennenns 7
Figure 5. Lake Fortuna, Louisiana, experimental reef sites and reference Sites. ..........cccoeeeeeeecciciennns 8
Figure 6. Reefsicles created for monitoring of bioengineered reefs.. ... 14
Figure 7. Mean shoreline displacement for reference and reef treatments, both preconstruction and
postconstruction, at Lake Eloi, Lake Fortuna, and Grand Isle, LOUISIANA. ............cccoevevevevereereeieeeeeeenns 17
Figure 8. Change in soil volume behind the Grand Isle, Louisiana, reef as measured by using a TOPCON
GTS-226 electronic total station and Surfer 8.03 to map the surface ContoUrS. ........covvvvvvvvivrvirivicsisisiennns 18
Figure 9. Growth rate and cumulative mortality from 2011 and 2012 of experimental oysters located in
cages adjacent t0 Grand ISIe TEEF SIES.......c.oiiieir s 20
Figure 10. Overall mean salinity, total particulate matter, dissolved oxygen, and chlorophyll a for all Lake
Eloi, Lake Fortuna, and Grand ISI8 SILES. ..........ccoruririrrirrirreeee s 22
Figure 11. Gill net CPUE and species richness at Lake Eloi, Lake Fortuna, and Grand Isle
11T T PTOTTPPPRPPRPON 25
Figure 12. Cast net CPUE and species richness at Lake Eloi, Lake Fortuna, and Grand Isle sites.... ...... 27
Figure 13. Seine CPUE and species richness at Lake Eloi, Lake Fortuna, and Grand Isle sites............. 29

v



Tables

Table 1. Schedule of preconstruction data collected, construction dates, and postconstruction data

CONBCLEA IN LOUISIANA. ... cvveieseiiiie bbbt 11
Table 2. Range of environmental variables collected at each site, for all sample dates and

LT U1 1=] ] T T TP PTP TP PPN 21
Table 3. Gill net total species catch and mean catch per unit effort for each site in

LOUISIANA. 1.t et e et ettt ettt e e e e e e et e e et e 24
Table 4. Cast net total species catch and mean and standard error catch per unit effort for each Louisiana
]| PP PP RP PP UPRPTPROPPIS 26
Table 5. Seine total species catch and mean catch per unit effort for each Louisiana
)1 PP PPPPPPPPPPRPPRPPPRY 2
Table 6. Grand Isle, Louisiana, tray data from 2011 and 2012 combined...............cccccoeiiiiieiiieniennnenn, 30

Table 7. Lake Fortuna, Louisiana, tray data from 2012..........cccccoovvveiiriiiiiiiiiiie e 31



Conversion Factors
SI to Inch/Pound

Multiply By To obtain
Length
centimeter (cm) 0.3937 inch (in.)
millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft)
meter (m) 1.094 yard (yd)
kilometer (km) 0.6214 mile (mi)
Area
square meter (m?) 0.0002471 acre
square meter (m?) 10.76 square foot (ft)
Volume
liter (L) 33.82 ounce, fluid (fl. 0z)
liter (L) 2.113 pint (pt)
liter (L) 1.057 quart (qt)
liter (L) 0.2642 gallon (gal)
cubic centimeter (cm?) 0.06102 cubic inch (in’)
liter (L) 61.02 cubic inch (in’)
Mass
gram (g) 0.03527 ounce, avoirdupois (0z)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or in micrograms per liter (pg/L).

vi



Preliminary Assessment of Bioengineered Fringing
Shoreline Reefs in Grand Isle and Breton Sound,
Louisiana

By Megan K. La Peyre,! Lindsay Schwarting,2 and Shea Miller?

Abstract

Restoration of three-dimensional shell habitats in coastal Louisiana presents a valuable
and potentially self-sustaining approach to providing shoreline protection and critical nekton
habitat and may contribute to water quality maintenance. The use of what has been called “living
shorelines” is particularly promising because in addition to the hypothesized shoreline protection
services, it is predicted that, if built and located in viable sites, these living shorelines may
ultimately contribute to water quality maintenance through filtration of bivalves and may
enhance nekton habitat. This approach, however, has not been tested extensively in different
shallow water estuarine settings; understanding under what conditions a living shoreline must
have to support a sustainable oyster population, and where these reefs may provide valuable
shoreline protection, is key to ensuring that this approach provides an effective tool for coastal
restoration.

This project gathered preliminary data on the sustainability and shoreline stabilization of
three large bioengineered fringing reefs located in Grand Isle, Lake Eloi, and Lake Fortuna,
Louisiana. We collected preconstruction and postconstruction physiochemical and biological
data by using a before-after-control-impact approach to evaluate the effectiveness of these living
shoreline structures on reducing marsh erosion, enabling reef sustainability, and providing other
ecosystem benefits. Although this project was originally designed to compare reef performance
and impacts across three different locations over 2 years, delays in construction because of the
Deepwater Horizon oil spill resulted in reefs being built from 12 to 18 months later than
anticipated. As a result, monitoring postconstruction was severely limited. One reef, Grand Isle,
was completed in March 2011 and monitored up to 18 months postcreation, whereas Lake Eloi
and Lake Fortuna reefs were not completed until January 2012, and only 8 months of
postconstruction data are available. Data for the latter two sites thus reflect only the 2012
spring/summer seasons, which were further impacted by a direct hit by Hurricane Isaac in
August 2012, which resulted in shoreward movement of approximately 14 percent of the
bioengineered structures at Lake Fortuna. Given the shortened monitoring timeframe and
significant differences in construction schedules, we were not able to provide a full
postconstruction assessment of the sites or a full comparison of site success based on local site

'U.S. Geological Survey, Louisiana Cooperative Fish and Wildlife Research Unit, School of Renewable Natural
Resources, Louisiana State University Agricultural Center, Baton Rouge, LA 70803.
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characteristics. Because many of the impacts that were identified for monitoring reflect long-
term processes, results and data presented should be interpreted cautiously.

Sustainable oyster reefs require recruitment, growth, and survival at a rate that keeps pace
with mortality and shell disarticulation. Although one site failed to recruit (establishment plus
survival > 50 millimeters [mm]) over two spawning seasons, two sites only had 6 months
postconstruction data available for assessment. Although there are good data on the requirements
for oyster growth, there is limited explicit information on the site-specific water quality,
hydrodynamic, and biological interaction effects that may determine successful reef
establishment. Furthermore, interannual variability can significantly affect reef establishment,
and our shortened timeframe of sampling (less than one spawning season for two of the reefs;
two spawning seasons for one reef), combined with a lack of prerestoration monitoring data,
limit our ability to draw any conclusions about long-term reef sustainability.

Bioengineered reefs are thought to provide some benefits to shoreline stabilization
through their structure by immediately attenuating wave energies and directly reducing erosion
rates at shorelines sheltered by the reefs but also by increasing sediment deposition behind the
reefs. Preliminary data indicate differences in reef impact by site; given the short timeframe of
postconstruction data at two of the sites, and differences in reef placement between sites,
however, it is difficult to draw any conclusions. Longer-term data collection and further analyses
comparing reef placement; local wind, wave energy, sediment transport processes; and local
bathymetry may help in parameterizing sites where fringing reefs may be most beneficial for
shoreline protection.

In addition to basic reef sustainability and shoreline stabilization, we measured both
water quality parameters and nekton abundances around the newly created reefs and adjacent
reference sites. Within the timeframe of monitoring, no effect of reefs on water quality was
detected at any site. Given that water quality effects are hypothesized to result from the filtration
activities of bivalves, and reefs either failed to recruit (settlement plus survival to > 50 mm) or
successfully recruited but only had a couple months of growth prior to this report, it was not
expected that an effect would be detectable in this timeframe. Nekton such as blue crab, gulf
menhaden, and anchovies were found to be more abundant on the reefs; larger, more transient
species were not found to be affected by reef presence. Future work examining smaller
organisms and juveniles, including more explicit studies examining why and how these
organisms preferentially use oyster reefs, would be useful in the design of other bioengineered
reefs and help in understanding the role of the reefs in supporting the nekton community.

It is clear from the initial work that ensuring correct site selection by better understanding
what local site factors influence oyster populations is key to establishing successful living
shoreline reefs. Ultimately, the success of the reefs in providing any ecosystem service relies on
their ability to build a viable oyster population that is self-sustaining over the long term. As
many of the ecosystem processes hypothesized to result from reefs develop over the long term
(4-6 years), some level of monitoring over the next few years is highly recommended in order to
accurately assess the long term viability of the reefs, their provision of ecosystem services, and
to provide better guidance for future projects.

Introduction

Since the 1930s, coastal Louisiana has been losing wetlands in the Mississippi River
Delta at a rate estimated to be as high as 64 square kilometers per year (km*yr') (Barras and
others, 2004). Much of this loss occurs in sheltered coastal areas, located within the extensive



marsh complex. This marsh loss is occurring through a combination of processes including lack
of riverine input, altered hydrology from canal construction, sea-level rise, and erosion. Because
this marsh loss is widespread and located along the thousands of interior shorelines across
Louisiana, numerous approaches are being examined to help reduce the loss. Within these same
shallow-water areas, coastal Louisiana supports abundant oyster resources which thrive in
midsalinity waters.

In recent decades, oysters have been termed “ecosystem engineers” because they alter the
environment in which they live and provide a multitude of ecosystem services (Coen and others,
1999; Coen and others, 2007). As such, the use of oyster reefs to help sustain the coast by
reducing shoreline erosion and enhancing fishery habitat has become a focus of recent
management and restoration activities. Understanding not only what services oyster reefs may
provide but also the conditions in which they can provide these services, along with the
conditions in which sustainable reefs can be created, is critical to making them an integral part of
coastal restoration.

Restoration and enhancement of coastal reefs are hypothesized to provide many benefits.
When restored along eroding shoreline edges, these created or restored reefs have been called
“living shorelines”, which are hypothesized to provide a valuable and potentially self-sustaining
approach to shoreline protection. The use of coastal reefs are also hypothesized to provide
additional services including critical nekton habitat, enhanced recruitment for continued
existence of shell reefs, and contributions to water quality maintenance (that is, Scyphers and
others, 2011). These added values make this approach particularly desirable, and in recent years,
numerous projects have been implemented to create living shorelines. Despite this proliferation
of actual living shoreline creation projects, few data exist to guide project efforts with respect to
site location or design, and many questions remain regarding the actual biological benefits of
living shorelines, the effectiveness of living shorelines in reducing shoreline erosion, the long-
term sustainability of living shorelines, and the identification of appropriate locations for
successful living shoreline projects. This work presents preliminary data on the sustainability and
ecosystem services developed at three living shoreline projects that were implemented between
2010 and 2011 in coastal Louisiana.

The Nature Conservancy, in collaboration with private landowners, State and Federal
entities, and private contractors, led the creation of approximately 5.1 km of fringing shoreline
structures in coastal Louisiana waters at three different eroding shorelines within shallow water
areas (fig. 1). The initial artificial reef substrate provided for recruitment and reef development
consisted of triangular units created with rebar, with mesh bags full of oyster shell placed within
them (Reefblk™; fig. 2). These units were placed side by side, with each 1.5 meters (m) wide
and 1 m high, and anchored approximately along the 1-m shoreline depth contour to create
intertidal reefs with similar exposure regimes. The three project areas included Grand Isle, La.
(1.4-km reef length; fig. 3), Lake Eloi, La. (2.4-km reef length; fig. 4), and Lake Fortuna, La.
(1.3-km reef length; fig. 5). Reefs differed in length, based on landowner permissions, and all
reefs had gaps located periodically along the reef which coincided with natural channels in the
marsh. These three sites were chosen because they all are areas known to support oyster growth,
and the expectation was that oysters would quickly recruit to the artificial reef structures.
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Figure 1. Map showing the location of three study sites where artificial reefs were built in coastal Louisiana. Grand Isle reef was completed in March
2011, and Lake Fortuna and Lake Eloi reefs were completed in December 2011 and January 2012, respectively.



Figure 2. Photograph showing one triangular ReefBIK™ unit being installed in coastal Louisiana waters. Photograph used with permission of Amy
Smith Kyle of The Nature Conservancy.
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Figure 3. Map showing the Grand Isle, Louisiana, experimental reef sites and reference sites.
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Figure 5.  Map showing the Lake Fortuna, Louisiana, experimental reef sites and reference sites.



The primary goal of this preliminary data collection was to measure the effectiveness of
artificial reefs located adjacent to the shoreline in stabilizing the shoreline, supporting nekton,
and quantifying their long-term sustainability. A secondary goal was to examine how location,
measured by differences in water quality, may alter the effectiveness of the reefs in becoming
sustainable or in providing any of the measured ecosystem services. Our specific objectives were
to (1) quantify the effects of living shorelines on shoreline movement; (2) quantify the ability of
these reef bases to be self-sustaining through natural oyster recruitment, survival, and growth;
and (3) quantify added value of these living reefs in providing critical ecosystem services such as
improved marsh vigor and enhanced nekton habitat. The unique aspect of this project was to
compare the same reef design and treatments within three different environmental settings. For
this comparison, we developed a quantitative reef monitoring plan, using a before-after-control-
impact design, which would allow us to differentiate between reef effects, site effects, and
interannual variation effects. Preconstruction and postconstruction data collected included
shoreline location, bathymetry, oyster recruitment and density, sediment organic matter and bulk
density, emergent vegetation percent cover and biomass by species, nekton communities, and
water quality (temperature, salinity, water clarity, chlorophyll a, total suspended solids)
measurements.

We hypothesized that within the short term (2 years) following reef placement, the reefs
would reduce wave energies and erosion rates behind the reefs. The reduction in energy behind
the reefs would result in accumulation of sediment and a possible decrease of the adjacent marsh
slope and would support a healthy emergent vegetation community. We also hypothesized that
these reefs would recruit and provide suitable substrate for a viable oyster population. The
development of a viable oyster population would result in reef sustainability but would also
provide increased water filtration which would be measurable in water quality improvements.
Lastly, we hypothesized that the creation of structure, and the creation of different habitats either
within the structure or behind in lower energy areas, would provide for the support of increased
nekton production by the reefs. We also hypothesized that micro-site characteristics in shoreline
orientation and local water quality would alter the provision of these services and (or) alter the
rate at which the reefs would come to provide these services.

Study Area

This project was conducted at three locations in coastal Louisiana: (1) Lake Eloi, (2)
Lake Fortuna, and (3) Grand Isle (figure 1). These three locations are all within the shallow
estuarine waters of coastal Louisiana and have highly eroding shorelines. Furthermore, these
locations have historically supported good oyster growth. The Grand Isle reef is located on the
north side of Grand Isle in Barataria Bay, La., and is immediately west of the Louisiana Sea
Grant Oyster Hatchery. This shoreline runs predominantly east-west. Historical photos indicate
significant loss of the back side of this barrier island. Lake Eloi and Lake Fortuna are located in
Biloxi marsh, and are separated by the former shipping channel Mississippi River Gulf Outlet,
which was closed in 2010 because of concerns that the channel allowed saltwater intrusion into
freshwater areas. The Lake Eloi reef was placed along a shoreline which abuts current oyster
lease and growing areas and is oriented predominantly north-south. Lake Fortuna reef was
placed in a more exposed area of the marshes and is the most exposed of our three areas in terms
of wave fetch and energy. The shoreline of the Lake Fortuna reef runs predominantly north-
south.



Reef Construction and Sampling Schedule

The project was initiated in late 2009, with initial preconstruction monitoring occurring
in February and March of 2010 (table 1). Because of the Deepwater Horizon oil spill in April
2010, which threatened to cover the sites with oil from the oil spill, all activities related to the
project were put on hold prior to any construction activity, and access to sites was severely
restricted through the summer of 2010 because of Federal and private clean-up activities.

In 2011, construction began, and the Grand Isle reef was completed in March 2011, Lake
Fortuna in December 2011, and Lake Eloi in January 2012 (table 1). Because of the delays in
construction, the 9-month spread of completion of reefs, and the required deadline of all
activities to be reported by December 2012, sampling at all sites differed and was less than 1full
year at the Lake Fortuna and Lake Eloi reef sites and less than 2 years at Grand Isle. Because of
differences in local bathymetry at each site, reefs at Lakes Eloi and Fortuna were placed
significantly closer to the shoreline (5—10 m) as compared to the Grand Isle reef (25-50 m),
thereby resulting in different reef set up and design. In August 2012, Hurricane Isaac passed
immediately over reefs in Lakes Eloi and Fortuna, resulting in the displacement of approximately
14 percent of the reef units at Lake Fortuna. None of the displaced reefs occurred at sample
stations.

Grand Isle data were collected immediately postconstruction (April 2011), and
approximately bimonthly through the fall of 2012. Construction of the Lake Eloi and Lake
Fortuna reefs was completed within 1month, and postconstruction data were collected
immediately following reef construction in January 2012 and approximately bimonthly through
fall 2012. Because 5 years of postinstallation data are generally recommended to fully assess the
effectiveness of reef restoration, these data present only a very short-term view of the impact of
the projects.
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Table 1.  Schedule of preconstruction data collected, construction dates, and postconstruction data collected in Louisiana. Grand Isle was
constructed in spring 2011; Lake Fortuna and Lake Eloi reefs were completed in December 2011 and January 2012, respectively. Summer 2010
was not sampled because of the Deepwater Horizon oil spill which prevented access to most coastal launch sites. Samples listed in bold are
postconstruction samples; nonbold represent preconstruction samples. Spring, summer, and fall samples represent 1-2 sampling events.

[Spring, March-May; Summer, June-August; Fall, September-November; Winter, December-February; Gl, Grand Isle; LE, Lake Eloi; LF, Lake
Fortuna]

2010 2011 2012
Spring Summer Fall Spring Summer Fall Winter Spring Summer Fall
Shoreline | GlI, LE, LF - Gl Gl Gl, LE, LF Gl LE, LF Gl Gl,LE,LF Gl LE,LF
Vegetation | GlI, LE, LF - Gl Gl Gl, LE, LF Gl LE, LF - Gl, LE, LF -
Soils | Gl LE, LF - Gl Gl Gl, LE, LF Gl LE, LF - Gl, LE, LF -
Water quality | GlI, LE, LF - Gl Gl Gl, LE, LF Gl LE,LF  GI,LE,LF  GI, LE,LF -
Nekton (transient) | Gl, LE, LF - Gl Gl Gl, LE, LF Gl LE,LF  GI,LE,LF Gl LE,LF -
Nekton (resident) - - Gl Gl Gl, LF Gl LE,LF Gl LE,LF Gl, LF -
Oysters - Gl Gl Gl LE, LF - Gl LE,LF Gl LE, LF

11



Project Methods

In February 2010, prior to reef construction, each location had a treatment area and a
reference area identified. Within each of these areas, three sample points were randomly selected
(3 areas [Grand Isle, Lake Eloi, Lake Fortuna] x 2 treatments [reference, shoreline] x 3 replicates
= 18 samples). The project was conceived to compare treatments across sites to examine both
treatment and site effects. Because of unforeseen events of an oil spill, construction delays, and a
hurricane, we were unable to do a full quantitative analyses and, in particular, site comparisons.
Quantitative analyses presented within site, however, should still be interpreted cautiously; we
justified quantitative analyses by site by assuming that replicate sample areas within each reef
and reference area were of sufficient distance apart to represent independent samples. The
extension of monitoring over a longer time period will enable more quantitative analyses of these
data to explicitly compare both treatment and site effects. Preconstruction and postconstruction
monitoring followed the same protocols which are detailed below.

Shoreline Stabilization and Adjacent Marsh Vigor

Shoreline stabilization was measured by following Meyer and others (1997) and Piazza
and others (2005). At each sample point, five permanent base stakes were located in the marsh.
A tape measure was used to determine the distance from the base stake to the marsh edge.
Shoreline edge is defined as the farthest waterward extent of the wetland macrophytes. To ensure
consistent measurements, shoreline edge was measured along a set compass heading.

To measure change in soil volume and shoreline slope change, one Grand Isle site and
one Lake Fortuna site were selected for detailed transect surveys by using a TOPCON GTS-226
electronic total station. During preconstruction sampling (Grand Isle: September 2010; Lake
Fortuna May 2011), five 35-m transects running from on the marsh perpendicular into the water
were completed, recording elevation every 1-m along set compass points and resulting in more
than 60 point measurements. At Grand Isle, postconstruction surveys were completed
immediately postconstruction (April 2011) and in fall 2012 (October 2012). The Lake Fortuna
site was only sampled postconstruction in fall 2012 (November 2012). Changes in shoreline
slope and soil volume located behind the reef were calculated by using Surfer 8.03 Surface
Mapping System (hereafter referred to as “Surfer’). Surfaces created from separate samplings
were overlaid, and a change in sediment volume based on elevations was calculated through
Surfer. Grand Isle preconstruction and postconstruction data are presented and compared. Lake
Fortuna data are presented only for the provision of baseline data because of the short timeframe
postconstruction.

Aboveground and belowground vegetation density and biomass and percentage of soil
organic matter and bulk density were quantified in triplicate at each sample point. At each
sample point, triplicate quarter meter quadrats were haphazardly thrown to land within 1 m of the
shoreline edge. Percent vegetative cover by species was recorded. All aboveground biomass was
removed, returned to the lab at Louisiana State University (LSU) AgCenter, Baton Rouge, La.,
and quantified in the laboratory by drying to a constant biomass (gram (g) dry weight), and
recording biomass by species. Within each quadrat, duplicate 5 x 15 centimeter (cm) cores were
collected. One core was used to quantify belowground vegetative biomass by rinsing all
sediment by using a 3-mm sieve and by drying vegetative material to a constant biomass (g dry
weight). The second core was used to determine percentage of soil organic matter by using loss
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on ignition in a muffle furnace. Bulk density was also calculated from these cores prior to firing
in the muffle furnace. Bulk density is calculated as gram per cubic centimeter.

Reef Sustainability

Reef sustainability was monitored by collecting data for on-reef recruitment and oyster
growth and mortality. This measure of sustainability was to determine if over time, and with the
degradation of reef construction materials, a thriving oyster population would establish and
maintain structure. Reef durability, such as longevity of the artificial reef base material and the
ability of the reef structure to stay in position, were not included as goals in this project. Oyster-
population distribution was monitored by estimating the number and size of oysters located over
a 0.25 square meter (m°) quadrat area on the reef. Initial plans called for removal of shell from
bags for volumetric sampling. At two of the sites, removal of shell proved difficult within
months of site establishment because of the presence of fouling organisms immediately after reef
construction, and thus estimation by using visual and tactile clues was used because of the
submerged nature of the reefs.

Because of difficulties encountered in sampling from the created reefs in turbid waters,
we established minireef prototypes (reefsicles) at the Grand Isle site which consisted of minibags
of oyster shell placed 0.5 m off-bottom (fig. 6). These reefsicles allowed us to track oyster
recruitment and growth by removing the reefsicles from the water to count and measure oysters.
Nine reefsicles were placed adjacent to the Grand Isle reef in April 2011; of these 9 reefsicles, 3
were covered in predator exclusion cages in order to account for differences in oyster
populations which may be attributed to predation mortality. Because of the delayed construction
of the Lake Eloi and Lake Fortuna reefs, logistics, and uncertainty in monitoring activities
beyond several months postconstruction, reefsicles were not established at these sites. At Grand
Isle, reefsicles were sampled in October 2011 and again in October 2012, and density of live and
dead oysters recorded.

13



Figure 6.  Photographs showing the reefsicles created for monitoring of bioengineered reefs. Miniportions of the bioengineered reef material is
epoxied to a PVC pole and placed in the sediment adjacent to the created reef so that reef material is held 30 centimeters (cm) off-bottom.
Reefsicles are sampled with replacement prespawning and postspawning periods. To examine mortality from predation, predator exclusion cages
were designed to fit over the reefsicles.
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At Grand Isle, data were also collected for off-reef recruitment and oyster growth and
mortality by using caged oysters. To better understand the dynamics of reef sustainability, oyster
growth, mortality, condition, and Perkinsus marinus (Dermo) infection, intensities were
measured in experimental bags placed adjacent to the reefs. In 2011, two bags of 100 2.5-cm
oysters spawned at the LSU Sea Grant Oyster Hatchery were placed adjacent to the reef. In 2012,
four bags of 100 2.5-cm oysters spawned at the LSU Sea Grant Oyster Hatchery were placed
adjacent to the reef. Size and mortality were measured bimonthly, and disease prevalence and
condition of 15 oysters were measured bimonthly. Cumulative mortality was calculated for each
year, and growth rates were calculated by using shell length (GR = [SL- SL.,]/[# days*30]),
where GR = growth rate; SL = shell length; and t = time. Growth rates were standardized to a 30-
day month. These data are valuable in explaining on-reef observations of oyster population
dynamics.

Water Quality

Temperature (degrees Celsius [°C])), salinity, and dissolved oxygen (milligrams per liter
[mg L']) were measured every field visit by using a YSI model 556 water quality meter (Yellow
Springs Instruments, Ohio) at each sample point. Water clarity was measured by using a secchi
disk (centimeters). Furthermore, two opaque bottles of water were collected at 0.5 m below the
surface, immediately adjacent to the reef; placed on ice; and taken back to the lab to process for
total organic matter, total inorganic matter (mg L), and chlorophyll a (micrograms per liter [pg
L']). Ideally, the goal over the long term is to compare oyster population development within
these different sites with differing water quality variables and to compare differences in water
quality impacts of oyster reefs between the sites. Further monitoring will hopefully accomplish
this comparison over the next few years.

Habitat Enhancement

Nekton recruitment and use of the constructed structures was measured by sampling the
nekton community with four different gear types. Gill nets were used to capture the large,
transient fish community. The 11-m experimental gill nets consist of 4 panels, each 2.7 x 1.8 m
and with mesh sizes 3.8, 5.1, 6.4, and 7.6 cm. The gill nets were placed perpendicular to the
reefs, on the seaward side of the reefs, and soaked for 1 hour. All gill net samples were processed
in the field by recording species identity and by taking total length and biomass. Time of day and
water quality measurements were taken with each sample.

To characterize the juvenile and resident communities, five 2.4-m diameter cast net (3
mm mesh) samples were taken at each sample point in the area between the reef and the marsh
vegetation. Furthermore, two 10-m seine pulls by using a 3-m bag seine (3 mm mesh) near the
marsh edge and near the reef structure, on the marsh side, were collected. All cast net and seine
samples were bagged, placed on ice, and returned to the lab for further processing.

At Grand Isle and Lake Fortuna, resident communities were examined postconstruction
by deploying substrate trays filled with oyster shell in August 2011 and 2012 and allowed to sit
for 3 weeks before collection of all trays. Because of the impracticality of using nets to capture
the cryptic species that live within the complex oyster reef matrix, trays were used to
characterize the smaller fish and invertebrate communities that are known to reside in and
frequent healthy reefs (Lehnert and Allen, 2002; Plunket and La Peyre 2005; Yeager and
Layman, 2011). Each tray (0.22 m®) was modified by attaching a drawstring bag net with fine
mesh (2.6 mm?). The sides of this net are gathered at the base of the tray while it is deployed,
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and prior to retrieval, the net is drawn tight to enclose the tray contents, thereby preventing the
escape of more mobile organisms (Beck, 2011). All organisms were placed in sample bags and
put on ice for transport to the laboratory at LSU, where they were processed and species
identification and total length and weight were recorded. Density of organisms were calculated,
and the community was described.

All gear types were analyzed separately. Because of differences in construction
schedules, and resulting sampling, all sites were described and analyzed separately. Catch per
unit effort (CPUE) was standardized by hour soak time (gill net), cast net throw, 10-m seine pull,
or per square meter (trays). Species richness was calculated as the average total number of
species caught per treatment type over all sampling events. Data were analyzed with CPUE and
species richness as the independent variables and with treatment and construction status as the
independent variables within each site. Future analyses would compare reefs by sites by using
more complex statistics. Individual species comparisons between postconstruction reef and
reference sites were performed with a students t-test.

Results and Discussion

Shoreline Stabilization

Shoreline retreat averaged 13.7 = 1.7 cm mo™ across all three sites, treatments, and
construction status (figure 7). Lake Fortuna had reduced erosion rates at reef sites
postconstruction, thereby gaining shoreline at an average rate of 0.4 + 5.8 cm mo™'. Lake Eloi
had reduced postconstruction erosion rates at the reef site in comparison to the reference site,
indicating that the reef may be having a positive effect; preconstruction erosion rates at both
sites, however, were lower than all postconstruction data. Given the short timeframe of sampling,
these results should all be interpreted with caution because shoreline erosion is known to be
highly temporally variable and may depend on local storm and wind patterns.
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Figure 7. Graphs showing the mean shoreline displacement (centimeters per month) for reference and reef treatments, both preconstruction and
postconstruction, at Lake Eloi, Lake Fortuna, and Grand Isle, Louisiana. Negative values indicate shoreline retreat. Preconstruction data for Lake
Eloi and Lake Fortuna represent the mean change for the period February 18, 2012 through August 11, 2011. Postconstruction data for Lake Eloi
and Lake Fortuna represent the mean change for the period January 31, 2012-July 24, 2012. Grand Isle preconstruction is February 2, 2012—
September 9, 2010; postconstruction is April 7, 2011-June 28, 2012. Periods during construction are not included in the analyses but, given the
short timeframe of sampling, may be reflected in postconstruction shoreline change.
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Grand Isle marsh erosion showed no impact of reef construction on shoreline location
over the 18 months of monitoring, with shoreline erosion retreat at reef sites at 6.7 + 0.6 cm mo”™
prior to reef construction and 11.6 + 1.8 cm mo™' following reef construction. Surveys of the site,
as well as personal observations, however, do indicate some accumulation of soft sediments
behind the reefs, thus making it difficult to move around. This observation is supported by the
bathymetry survey that was conducted at Grand Isle which measured an increase in soil volume
in the range of 4-6 cm mo™ at the reef site only (figure 8).
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Figure 8.  Graph showing the change in soil volume behind the Grand Isle, Louisiana, reef as measured by
using a TOPCON GTS-226 electronic total station and Surfer 8.03 to map the surface contours. Positive
numbers indicate an increase in sediment; negative numbers indicate a loss in sediment. Results do not
account for site subsidence or effects of reef construction on changes in bathymetry. Preconstruction is
for the period from September 20, 2010-April 7, 2011; postconstruction is for the period April 7, 2011-
October 19, 2012.
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Direct impacts from construction could not be separated from the preconstruction data.
Although sites are not directly comparable at this time given the different timeframes of
sampling, the construction of Grand Isle reefs farther from the shoreline as compared to Lake
Eloi and Lake Fortuna sites (30-50 versus 5—10 m) may explain the difference in shoreline
reduction observed behind the different reefs. Better understanding of the relationship between
shore bathymetry, reef location and wave energy directly behind the reefs would provide
valuable insight into the actual effect of the reefs on wave attenuation.

Percentage of organic matter and soil bulk density were significantly correlated (p <
0.0001), thus only percent organic matter is presented. The BACI analyses by site indicated there
was no reef construction effect evident on soil percent organic matter.

Vegetative species found at the sites were typical brackish salt marsh species including
Spartina alterniflora, Distichlis spicata, Juncus roemerianus, Spartina patens, Distichlis spicata,
Salicornia virginica, and Avicennia germinans. Dominant species at Grand Isle sites were
Spartina alterniflora, at both reef and reference sites, and Batis maritima, which was only
present at reef sites. Percentage of cover varied between 40 and 60 percent at all Grand Isle sites.
There was no difference in mean aboveground vegetation biomass between treatments or
construction status (overall mean 1468.4 + 124.4 grams per square meter [g m™]).

Lake Eloi and Lake Fortuna reefs showed a significant difference between
preconstruction and postconstruction total percentage of cover at both reef and reference sites.
Because the only postconstruction monitoring occurred only 6 months postconstruction, these
data should be interpreted with caution because they may reflect seasonal variation, construction
impacts, or larger scale regional patterns. Dominant species were Spartina alterniflora at Lake
Eloi sites and Distichlis spicata at Lake Fortuna sites.

Reef Sustainability

Both Lake Eloi and Lake Fortuna sites had oyster recruitment, which was measured in
August 2012. Densities of oysters 6 months postconstruction were 10.7 + 6.8 individuals per
square meter (ind m™~) and 7.6 + 2.2 ind m™ at Lakes Eloi and Fortuna reefs, respectively.
Although these numbers are low, they reflect only the first season and likely only one spawning
event. In this region, oysters generally spawn for the first time in April/May and then may have 2
or 3 more spawning events before the weather cools in November (Supan and Wilson, 2001).

No on-reef recruitment (attachment plus survival to > 50 mm size) has been recorded to
date at Grand Isle. There was evidence of spat settlement based on scars from attached larvae,
but no surviving spat or larger oysters were recorded on the reefs or the experimental reefsicles.
There was limited recruitment of barnacles and mussels noted, but high algae in both summers
(2011, 2012) may also have severely limited all settlement. Although the salinity in the Grand
Isle area is known to support high oyster growth, the area also supports a significant oyster drill
population, and predation from blue crab on small oysters and drum on larger oysters has been
investigated in a number of projects in this area. Lack of development of a thriving oyster reef
may be because of a combination of factors including high predation and high algae coverage on
the reef structures each spring prior to oyster spawning.

In 2011 and 2012, caged oysters at Grand Isle had good growth (mean >2 mm mo™), and
mortality was below 50 percent (fig. 9). Overall condition index declined as expected, from 10.0
(£ 1.9) at their initial deployment in December 2011 to 2.6 (= 0.6) in September 2012, because
of normal spawning and summer stresses. Although infection prevalence by P. marinus (Dermo)
ranged from a low of 30 percent to a high of 93 percent, mean overall infection level of oysters at
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Grand Isle remained in the low to moderate range throughout the experiment (13,644 + 6,456
spores g™ and likely did not contribute to oyster mortality.
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Figure 9.  Graphs showing the growth rate (mean SE mm mo-1) and cumulative mortality (%) from 2011 and
2012 of experimental oysters located in cages adjacent to Grand Isle reef sites.

The data from 2 years of caged oyster experiments indicate that this area does support
good adult oyster growth (>2.5 cm) when oysters are protected from predation. It is still unclear,
however, how these adult oysters would do outside the confines of the cage when subjected to
predation. Further work comparing mortality and growth in caged and open cage adult oysters
would be useful in determining if this reef would support a viable adult population. That said, the
lack of recruitment (settlement plus survival) on the Grand Isle reefs may present a barrier to
establishment of a viable oyster population. Further studies that examine whether adult oysters

20



protected from predation could survive and spawn on the reef may be useful in determining
whether this site remains a viable area for further restoration. Furthermore, the question of
whether the establishment of an adult population provides increased structural complexity that
may better protect new recruits and allow spat to survive and grow to larger oysters needs to be
explored.

Water Quality

At each site, water-quality variables (salinity, temperature, water clarity, dissolved
oxygen, total particulate matter, chlorophyll @) varied as expected, that is, by season and year but
not by treatment or construction status (table 2, fig. 10). As planned in the original project
design, there were differences between si