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Marine Discovery Center Pervious Oyster Shell Habitat (MDC POSH) is a biodegradable breakwater
material constructed using recycled oyster shell and a pH balanced cement. These units are designed to
buffer wave energy, accrete sediment, recruit larval oysters, and to provide habitat that will appreciate over
time. The mixture of shell and cement is highly versatile and can be altered in shape or size to meet the
needs of different habitat types. The POSH structure has an optimized surface area with void spaces that
are ideal for oyster recruitment. |t mimics natural reef structure, providing suitable habitat for juvenile fish,
crustaceans, and invertebrates. The dimensions of these specific units were designed to buffer wave energy
in a medium energy, estuarine environment without severe degradation.

The original POSH designs were developed by researchers at the University of North Florida whose goal
was to fill the gap in the use of non-plastic alternatives in living shoreline construction for high-energy
systems (Matthews et al., 2023). This module was considered a more efficient, cost-effective alternative
which included an effective use of recycled shell as compared to other novel restoration units (i.e. oyster

ball, gabions, oyster bags). Construction of these units was considered more labor intensive than bag or

gabion methods and required extensive curing time (Matthews et al. 2023). These original POSH modules

are being tested at sites within the Northeast Florida region and are continually being evaluated for success
in mitigating erosion and bed stress reduction (Cope et al., 2024).

We identified POSH as a promising experimental substrate to deploy in Mosquito Lagoon for oyster reef
and shoreline restoration efforts. When testing POSH construction for the first time, we followed the
construction manual by University of North Florida, 2024. We found the construction process did not fit
the community-based restoration needs we practice. To adapt, we developed a simplified, volunteer-friendly
construction process to deliver MDC POSH for restoration use which resulted in an altered POSH design.
This new design is simplified:

1.Use of a rapid set cement with a lower alkalinity to reduce curing time by 93%.

2. Modified molds which reduce efforts needed for cleanup and staging of MDC POSH.

3.Modified molds which reduce the likelihood of breakage during staging, transport, and deployment.

4.No need for the use of an admixture in cement, reducing the number of steps in the construction
process.

The original POSH was designed with the intention of restoration practitioners to build modules which
meet the needs and scale of their respective projects (University of North Florida, 2024). We intend to
share this additional manual to further guide restoration practitioners in the planning and design of projects

utilizing MDC POSH as a novel material.
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Marine D?covery Center

POSH Services

Marine Discovery Center (MDC) is a 501(c)3 non-profit that strives to protect coastal ecosystems and
provide habitat restoration materials to support conservation efforts along the Indian River Lagoon and
beyond. MDC implements community-based restoration practices that engage public volunteers in the
creation and maintenance of materials. In addition to this construction manual, MDC offers these habitat
restoration units, like MDC POSH, for purchase pending permits and project scope contracts. Details can
be found below in the materials catalogue:

Consultation & Support Services Material Catalogue

For practitioners interested in MDC POSH but would

benefit from extra startup support, or flexible

Unit details, specifications, and pricing
can be found here:
vendorship options, we offer the following:
 Consultation: Staff to provide on-site guidance for
POSH creation
e Vendorship: Purchase materials directly from
MDC to avoid startup costs

Other Services

 Transport: transport of materials to staging or To submit a material request, fill out

restoration site is available based on capacity the order form here:

» Deployment: Deployment support for restoration
projects is available based on capacity

* Monitoring: Monitoring support for restoration

projects is available based on capacity

*Cost of services depends on material types, total travel

distance required, and staff time. See Catalogue for more info.




Materials and Startup procedure

The outline for materials needed to construct a POSH module is included below. The quantities of each item
are based on how Marine Discovery Center currently operates volunteer workshops to make 30 POSH per
three-hour event. Construction site, staff capacity/availability, and volunteer logistics are all important
considerations to determine quantities of materials needed. Please note the difference between materials
that may be a 1-time purchase (tools), seasonal or replacement purchases (PPE, molds, buckets, etc.) or

continual purchase (cement/shell).

Material Quantity

Molds

Plywood bases (2'x8'): 18”x18” pieces (variety of options)

1" lumber pieces (8" long): triangular or square options also suitable
HDPE plastic sheets: ~1/8” thick (can be pre-cut by manufacturer)

15-gallon plant pots: check with local nurseries for cheaper options
POSH

Recycled oyster shell (access and prices vary by region)
RapidSet Cement All (55lb bags): 10 bags for 30 units; pallet delivery for 150 units

Construction Process

4 cu ft concrete mixer

4 cup measuring scoop

5-gallon buckets: dedicate some to dry cement, wet cement, water, & oyster drain (holes
drilled in bottom)

Box cutter

Transfer shovels

pallets

25' hose: length dependent on workspace

Hose sprayer nozzle

Rubber mallet/hammer

25' extension cords: length dependent on workspace

Personal Protective Equipment

Cement gloves

Respirator masks

*item will require multiple purchases depending on total number of units needed



https://www.homedepot.com/p/Columbia-Forest-Products-3-4-in-x-2-ft-x-8-ft-PureBond-Red-Oak-Plywood-Project-Panel-Free-Custom-Cut-Available-2557/204637004
https://www.homedepot.com/p/WeatherShield-1-in-x-2-in-x-8-ft-Pressure-Treated-Southern-Pine-Lumber-315412/100024161
https://www.interstateplastics.com/Hdpe-Natural-High-Density-Polyethylene-Sheet-HDPNE~~SH.php
https://www.homedepot.com/p/Viagrow-15-Gal-Plastic-Round-Nursery-Trade-Pots-5-Pack-VHPP1500-5/304098005?g_store=6936&source=shoppingads&locale=en-US&fp=ggl
https://www.homedepot.com/p/Rapid-Set-55-lbs-Cement-All-Multi-Purpose-Construction-Material-Non-Shrink-Grout-02010055/202188447
https://www.harborfreight.com/4-cu-ft-cement-mixer-58991.html?hftm_sc=&hftm_source=google&utm_source=google&utm_medium=cpc&utm_campaign=21901739432&campaignid=21901739432&utm_content=173216747231&adsetid=173216747231&product=58991&gad_source=5&gad_campaignid=21901739432&gclid=EAIaIQobChMI_KzMpMmxkQMV26taBR1umi3IEAQYASABEgLybfD_BwE
https://www.amazon.com/Norpro-4-Cup-Capacity-Plastic-Measuring/dp/B000HJBFFS/ref=asc_df_B000HJBFFS?tag=bngsmtphsnus-20&linkCode=df0&hvadid=80264466523809&hvnetw=s&hvqmt=e&hvbmt=be&hvdev=c&hvlocint=&hvlocphy=72734&hvtargid=pla-4583863993071264&th=1
https://www.homedepot.com/pep/The-Home-Depot-5-Gallon-Orange-Homer-Bucket-05GLHD2/100087613
https://www.amazon.com/WORKPRO-Premium-Utility-Retractable-Duty-Box/dp/B097SXK3FG/ref=sr_1_3?dib=eyJ2IjoiMSJ9.yMJIcQtWrB5kDyeYjpoWDbP6j40DpTpj7mEP-lTiP-RTSGvS7XCN_wD5g16O_AlX3UVT6RciZPxyv5PKEwBjaGZFTLnCCApWyV_FErA9ktKjt1KMiJk1G8VcjKQSDIJ21x3WJNeEKZaw74_AUf4C78p4k7DJrlR9n_n28pzJN1P0VPdwR5ztUAecwNGODUoMpuqBV0F3Y6Yo8FHrqHOciek1xFAmBMDN0bSHYtD0GFY.iwYcqxs5ESdYgbRpPMuDdOsm3719oOBNNMKXwBzTnAo&dib_tag=se&keywords=box%2Bcutter&qid=1773428802&sr=8-3&th=1
https://www.homedepot.com/pep/Anvil-47-in-Wood-Handle-Carbon-Steel-Transfer-Shovel-77472-940/314833736?g_store=&source=shoppingads&locale=en-US&fp=ggl&pla&mtc=SHOPPING-BF-LNC-GGL-Multi-Multi-NA-NA-NA-PLA-NA-NA-NA-NA-NBR-NA-CON-NA-CLV_Test_Increase&cm_mmc=SHOPPING-BF-LNC-GGL-Multi-Multi-NA-NA-NA-PLA-NA-NA-NA-NA-NBR-NA-CON-NA-CLV_Test_Increase-21382214621-164392120038-2451588092390&gclsrc=aw.ds&gad_source=1&gad_campaignid=21382214621&gbraid=0AAAAADq61Ufd2vcMjZeNM6uhYbtGiW6h9&gclid=CjwKCAjw687NBhB4EiwAQ645dgO5dPMHSMuZ_s5ASTCzGmNZxWQESikl4cByauP1WNt6Iy0mxnn4whoCz6gQAvD_BwE
https://www.homedepot.com/p/Husky-5-8-in-x-50-ft-Heavy-Duty-Hose-CHDHKT58050/326184162
https://www.homedepot.com/pep/Melnor-Rear-Trigger-7-Pattern-Nozzle-67000HD/314333719?g_store=6936&source=shoppingads&locale=en-US&fp=ggl&pla&mtc=SHOPPING-BF-CDP-GGL-D28I-028_010_WATERING-NA-MULTI-NA-LIA-NA-NA-NA-NA-NBR-NA-NA-NA-PLA_SHP&cm_mmc=SHOPPING-BF-CDP-GGL-D28I-028_010_WATERING-NA-MULTI-NA-LIA-NA-NA-NA-NA-NBR-NA-NA-NA-PLA_SHP-22726565200-187289734251-2447981746550&gclsrc=aw.ds&gad_source=1&gad_campaignid=22726565200&gbraid=0AAAAADq61Uc6QypG7dk5DK0dkRBHKJod5&gclid=CjwKCAjw687NBhB4EiwAQ645dppMN35l2q--U_7bX51q9uWgzUUmMSD8cKHjUeqC4PadePFXE0a-_RoCPgUQAvD_BwE
https://www.homedepot.com/p/Vaughan-20-oz-Black-Rubber-Mallet-with-13-in-Hardwood-Handle-RM2B/305237796
https://www.homedepot.com/p/HDX-50-ft-16-3-Light-Duty-Indoor-Outdoor-Extension-Cord-Orange-HD-277-517/202523960
https://www.homedepot.com/p/HDX-50-ft-16-3-Light-Duty-Indoor-Outdoor-Extension-Cord-Orange-HD-277-517/202523960
https://www.amazon.com/dp/B08CGCL4QR?ref=fed_asin_title&th=1
https://www.amazon.com/dp/B005HJ4QI6?ref=fed_asin_title&th=1

Material Preparation

1. Determine the size of structures you plan to build: POSH units are versatile and can be molded to the
desired size by altering mold shape or dimensions. MDC POSH units were designed to resemble the same
dimensions as another frequently used biodegradable restoration material that is 18” in diameter and 8-
10" in height. These dimensions create POSH units that are about 50 pounds.

2. Plastic plant pots are used as MDC POSH molds. Choose a size that best fits your desired structure
dimensions. To create POSH units 18” in diameter, we chose #15 plant pots (~13.66 gallons) to use as
molds. Its dimensions are as follows: 18" wide x 16" height. Smaller plant pots have been used to create
MDC POSH samples for outreach and biofouling experiments. Plastic pots should be sturdy, yet semi
malleable to allow for removal later in the POSH making process.

3. Cut out the bottom of the plant pot and the lip at the top of the pot (if present) using a box cutter or
exacto knife. Removing the bottom of the pot will create a cylindrical mold while removing the lip of the
pot will prevent catching and difficulty in the removal of the molds.

4. Wooden boards with slats, and HDPE plastic sheets are used as bases to the mold. Wooden bases can
be constructed out of plywood sheets cut to 18”x18” squares or equivalent diameter of the mold. Glue and

nail wood slats (scrap wood or stakes [triangular/square] work best) underneath the plywood base to allow
for easier lifting later in the construction process. . HDPE (high density polyethylene) sheets are cut to
the same size as wooden bases (18”x18”) and are utilized on top of wood to allow POSH to pop off with

ease after curing is complete.

Materials and

1. Shovel recycled oyster shells into 5-gallon buckets with drain holes: Be diligent in removing any trash
from oyster piles. Buckets should be filled to the top, and drainage holes are necessary for the next step.
Note: this is a great opportunity to recycle cracked buckets instead of discarding them!

2. Rinse the buckets of oyster shells to remove excess dirt. This is done over a stack of pallets to allow for
easier drainage. The rinsing both cleans the shells and makes it so the dry cement can coat them well once
in the mixer.

3. Optional: pre-proportion your shell and cement materials. This step is optional for efficiency
throughout the construction process. It will make it easier to “grab and go” at the start of each MDC
POSH unit.

a. For shell: 17 buckets of shell are used per 1 MDC POSH unit (equivalent to ~38 Ibs of shell)
b. For cement: 1/3 of 55Ib cement bag per 1 MDC POSH unit (1 bag divided between 3, 5-gallon

buckets)




Figure 1. Plywood
bases are layered with
high density
polyethylene sheets to
act as the base of the
MDC POSH molds.

Figure 2. Triangular slats
(1") are attached to the

plywood bases using

wood glue and nails.

Figure 3.15-gallon plant
pots (a) act as the MDC
POSH mold by removing
the bottom and lip of the
pots and orienting it

upside down on top of

the base (b).




Unit Creation **wear dust mask, cement gloves, and eye protection for all steps!™

1. Turn on the cement mixer and pour in 1% buckets of rinsed oyster shell.

2. Pour 1/3 bag of dry cement into the mixer. Allow to mix until all shells are well coated in the dry
cement powder (~30 seconds).

3. Slowly pour 4 cups of water into the mixer. It is important to note that environmental conditions (i.e.
outside temperature) can create a need for alterations to the amount of water added. Begin with the 4
cups and add water as needed to achieve desired consistency of cement and coverage of shell. This
process can take 3-5 minutes.

4. Place base and mold underneath the cement mixer for pouring. Place the wooden base with slats first,
then the plastic sheet, and then the mold on top (wider side down). The base should line up between the
bolts on the wheels of the mixer to prevent spillage.

S. Once the cement has reached desired consistency and all shells are well coated, stop the mixer and
pour the cement/shell mixture into the mold. One person must hold the mold steady during this
process, so it does not get displaced from the base. Another person is responsible for scooping the
mixture from the cement mixer into the mold. This process should be done relatively quickly so that
there is a nice layer of shell down prior to excess cement pouring out. This time frame is dependent on
the consistency of the cement. Cement consistency should be thick, but not muddy (similar to a semi-
viscous material like dish soap or paint).

6. Ensure the top of the POSH module is level by adjusting the placement of shells. Prevent smoothing
the surface of the module during this step. The rough surface increases surface area available for
recruitment and mimics the substrate of a natural reef.

7. Use a team lift to carry the unit to a drying area. This is a rapid set cement, so curing time is only a few
hours, however POSH units are typically left curing until the next workshop takes place (~48 hours).

8. This process constructs 1 MDC POSH and should be repeated as many times as possible within the
allotted work time frame or until materials are exhausted. Our typical work time frame is 2-3 hours,
which can produce 15-35 POSH modules. Multiple mixers can be run simultaneously if capacity is
available (15-20 units with 1 mixer and 25-35 with 2 mixers).

9. After the POSH have cured, molds can be removed and the units can be stacked 3 high for storage.
The molds should slide right off but occasionally they will need extra effort using light taps with a mallet
around the bottom edge. When moving or transporting, always pick up POSH from the bottom of the

unit where it is most stable.




Lessons Learned and Troubleshooting

MDC POSH Construction

1.The order in which materials are placed in the cement mixer (shell, dry cement, water) has allowed for
more even coverage of the oyster shell and has minimized issues with the cement clumping.
2.The cement and oyster shell tend to stick in the back of the cement mixer and build up throughout the

construction period. This can make the mixer less effective and much more difficult to clean. To avoid

this, we recommend cleaning the mixer after every 4-5 POSH modules using the following process:
. Add the 7 bucket of shell and 4 cups of water only

a
b. Allow to mix for a few minutes to break up contents stuck within the mixer.

. Dump water out of the mixer into a 5-gallon bucket to be used later.
. Add the full bucket of shell into the mixer and continue with the normal process.
. Water removed can be added back into the mixture after dry cement is added.
We have found that this cleaning method takes minimal effort and is the least disruptive to the flow of
unit making.
3.Tilting the mixer forward occasionally while it is spinning helps evenly distribute the cement over the
shell. This also releases any dry cement stuck in the back.
4.If adding more water into the mixture is required, always start small and allow time for it to mix before

deciding to add more. This will help to avoid adding too much and making a runny mixture/less stable
unit.

Moving and Transport

1. Always lift the POSH modules from around the base to prevent breakage. POSH are structurally sound
but sometimes have “pressure points” which can cause pieces of the unit to crumble when pressure is
applied.

2.POSH can safely be stored stacked 3 high, but we do not recommend transporting them in this manner.

The added movement and forces at play are likely to cause damage.

Volunteer Ma agement

1.We have found that the ideal number of volunteers assisting in these workshops is 4-10. When at the
higher end of that number, we will operate 2 cement mixers at a time.
2.We have found greater efficiency by splitting volunteers into stations: Shoveling oyster shells, rinsing

and pre-proportioning oyster buckets, pre-proportioning dry cement buckets, and operations at the
mixer.

3.We cannot make POSH modules larger than this, as weight begins to be a major factor in volunteer
capabilities.
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https://www.researchgate.net/publication/379822233_The_Pervious_Oyster_Shell_Habitat_POSH_Introduction_and_Construction_Manual
https://www.researchgate.net/publication/379822233_The_Pervious_Oyster_Shell_Habitat_POSH_Introduction_and_Construction_Manual
https://marinediscoverycenter.org/wp-content/uploads/2026/07/MarineDiscoveryCenter.MaterialsCatalogue.pdf

POSH Deployments

Initial deployments of MDC POSH began in summer 2025 as a pilot project. 50 MDC POSH were
deployed on the perimeter of 3 restored reefs as breakwater materials for wave attenuation. Each unit had
minimal gaps between to prevent washout. Deployments continued into the 2026 summer season where
958 MDC POSH were deployed across 8 reefs as exterior breakwaters. 1 of the 8 reefs consisted of MDC
POSH as the sole material to accomplish both wave attenuation and oyster recruitment. Gaps were left
between each unit to allow for oyster growth overtime. Mini-MDC POSH were constructed and deployed
across 4 of the 8 reef sites for ongoing research (30cm wide and 10cm tall). This is a test of the versatility
of the MDC POSH mixture for a susbstrate focused project application.

DC PH dplyed as pimary substrate Mini-MDC POSH deployed on an experimental

material on a 2026 restored oyster reef. reef as part of an on-going student project.




Monitoring

1-year monitoring of MDC-POSH wave breaks on
3 intertidal Crassostrea Virginica (Eastern Oyster)
reefs in Mosquito Lagoon, FL occurred in May
2026. 5 replicates (full MDC POSH units) per
reef (n=15) were selected haphazardly and

examined for C.virginica. Shell heights for the first

50 live individuals were recorded and all remaining

were tallied to obtain a total abundance.

1-Year Performance

Mean # live C. virginica per unit: 293.6+31.4 SE

e Minimum # per unit - 104 oysters

e Maximum # per unit - 479 oysters

e 1788 oysters/m2 (extrapolated from mean)
Mean shell height of live C. virginica: 46.0mm * 1.2
SE

e Min-5mm

e Max - 91mm

MDC POSH 1-year post restoration
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