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Introduction 
Oyster reefs are ecologically and economically important components of U.S. Atlantic and Gulf 

of Mexico estuaries.  In 2014, commercial oyster landings from the Gulf of Mexico generated 

$92.8M and constituted more than 70% of all U.S. landings (NMFS 2016). Reefs also provide 

habitat for fishes and macroinvertebrates (Harding and Mann 2001; Nevins et al. 2014), and 

may increase shoreline protection (Piazza et al. 2005), de-nitrification (Beseres Pollack et al. 

2013; Kellogg et al. 2013), and carbon sequestration with estimated ecosystem services values 

of over $5,500 per ha/year (Grabowski et al. 2012). However, oyster reefs have suffered historic 

losses due to overharvest, disease, and degraded water quality, with estimates of 85-91% lost 

globally compared to historic levels (Jackson et al. 2008; Beck et al. 2011).  Given the increasing 

awareness of marine habitat loss throughout the Gulf of Mexico (zu Ermgassen et al. 2012) and 

the world (Jackson 2008), there has never been a more important time to develop effective 

local solutions.   

Oyster reef restoration seeks to ameliorate the effects of 

habitat loss, but competing uses for oyster shell (e.g. 

agricultural liming, gravel substitute, poultry feed amendment) 

have caused a shortage of this preferred substrate for oyster 

settlement and thus for reef restoration.  As a local solution, the 

innovative Shell Bank oyster shell recycling program (Figure 1; 

http://oysterrecycling.org/), was initiated with funding through 

the TGLO Coastal Management Program.  This program utilizes 

public-private partnerships to reclaim and recycle oyster shells 

from seafood restaurants, wholesalers, and festivals for use in 

habitat restoration.  We transport the shucked oyster shells to 

the Shell Bank stockpile location at the Port of Corpus Christi and hold them for at least 6 

months to eliminate potential disease or invasive species before they are ready for use in reef 

restoration.   

 

Project partnerships and progress 
We established the Shell Bank Project with support from The Texas General Land Office’s 

Coastal Management Program as the first integrated oyster shell reclamation, recycling, and 

restoration program in Texas.  This program has become a model for others across the Gulf 

Figure 1. Shell Bank oyster shell 
recycling program logo. 
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region who seek to create local solutions to regional problems of habitat degradation and loss.  

Our original project partners were specific to the Coastal Bend region, including the Harte 

Research Institute for Gulf of Mexico Studies, Texas A&M University-Corpus Christi (TAMU-CC), 

the Port of Corpus Christi Authority, and Water Street Seafood in Corpus Christi, TX.  To date, 

we have incorporated new partners and increased our spatial scale to the larger South Texas 

region, including Groomer’s Seafood, St. Mary’s Fiesta Oyster Bake, and Austin Oyster Festival.   

A unique component of the Shell Bank Program is that recycled oyster shells have been used to 

restore a substantial amount of reef habitat in Texas bays, including over 14 acres throughout 

Copano and Aransas Bays, and 2,000 linear feet being restored in summer 2017 in St. Charles 

Bay to protect an eroding shoreline at Goose Island State Park.  Funds from the Coastal 

Management Program have allowed us to generate external support for all of these habitat 

restoration efforts using recycled oyster shells.  Funds have been provided by the Coastal 

Conservation Association, National Fish and Wildlife Foundation, Fish America Foundation, Gulf 

of Mexico Foundation, Texas Parks and Wildlife Department, and the NOAA Community-Based 

Restoration Program.  We continue to seek new partners and new funds for habitat restoration 

including from Texas Sea Grant and the NOAA RESTORE Act Science Program.   

CMP 20 Project Goals  

For CMP Cycle 20, our objective was to build on previous efforts and support principal goals and 

priority issues defined in the Coastal Bend Bays Plan: Bay Tourism and Recreation, Habitat and 

Living Resources, and Public Education and Outreach.  Four specific goals were proposed:  

Goal 1: Expand oyster shell collection.  The Shell Bank Program at TAMU-CC reclaims and 

recycles approximately 465 cubic yards of shucked shells each year from coastal bend 

restaurants and wholesalers for use in restoring degraded reefs. TAMU-CC will continue 

working with local partners and will identify new areas to expand partnerships.  In addition, 

TAMU-CC will expand their partnership with Fiesta Oyster Bake in San Antonio to increase 

oyster shell collection and educational outreach activities for the over 100,000 people who 

attend the festival.   

Goal 2: Community-based restoration events.  In order to train and engage the community 

in local environmental stewardship opportunities, TAMU-CC will host two community-based 

oyster reef restoration events. Funds will be provided for three local schools to participate in 

each event.  During each event, students and community volunteers will fill 400-600 mesh bags 
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with reclaimed oyster shells to create oyster reef building blocks. With funding from restaurant 

partners, the bags of recycled oyster shells will be used to restore reef in corporation with 

Texas Parks and Wildlife Department at Goose Island State Park. 

Goal 3: Teacher Institute. To further students’ critical thinking skills and teach about the 

management of coastal resources, TAMU-CC will create a five-day field-based program for 

educators using dynamic and hands-on techniques. The program will expand on the pilot 

“Teach the Teachers” program and will connect classroom instruction to restoration-based field 

experiences, yielding lesson plans that teachers take back to their classrooms.  All material 

presented will be aligned with State curriculum and will assist teachers with concepts covered 

in the Statewide STAAR (State of Texas Assessments of Academic Readiness) tests.  

Goal 4: Oyster health.  The protozoan oyster parasite, Perkinsus marinus, the causative agent 

of Dermo disease, causes severe oyster mortalities in the Gulf of Mexico (Ray 1966), particularly 

during periods with high salinities and warm temperatures.  Drought and resulting lack of 

freshwater inflow to Texas bays have created conditions favorable to intensifying Dermo 

infection.  Warm winters also facilitate spread of the disease. TAMU-CC will monitor oyster 

disease on reefs throughout the Mission-Aransas Estuary to inform future water management 

and restoration decisions.  The oyster health investigation will provide unique research and 

educational training opportunities to a graduate student at TAMU-CC, a Minority Serving 

Institution.  

CMP 20 Project Accomplishments 

1. Expand oyster shell collection 

The Shell Bank Project reclaims oyster shells from seafood restaurants, wholesalers, and 

festivals so that they may be used to restore degraded or lost oyster reef habitat.  Recycling 

oyster shells for use in oyster reef restoration is a four-step process:  

1) Oysters are harvested by commercial fishermen and sold to seafood wholesalers, 

restaurants, and festivals for consumption.  

(2) Workers or volunteers separate shucked oyster shells from food waste and trash, 

and place them into collection containers for pickup. 
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(3) Reclaimed shells are stockpiled at the Shell Bank repository at the Port of Corpus 

Christi for at least 6 months to eliminate potential diseases or invasive organisms. 

(4) Shells are used as substrate to restore or recreate lost oyster reef habitat.   

During the spring, summer and fall months, oysters spawn and release free-swimming larvae 

into the water column. These larvae are carried by currents and after spending about two 

weeks in the water column, seek a suitable surface upon which to attach and begin building 

their calcium carbonate shells. Once settled, these oysters spend the remainder of their life 

cycle where they have attached. Oyster shell is one of the most desirable materials for 

attachment and subsequent growth of young oysters.  

Our philosophy is that oyster shells that end in landfills or lost to competing uses are a key 

resource out of place.  The Shell Bank Program encourages local partners to recycle their oyster 

shells so that they end up where nature intended: in local bays, supporting the sustainability of 

oyster reefs and their associated benefits.   

 

Figure 2. Pounds of oyster shell reclaimed by the Shell Bank Program during CMP 20. 

The Shell Bank program reclaimed 721,700 pounds, or approximately 547 cubic yards of oyster 

shells from seafood restaurants, wholesalers, and festivals as part of CMP 20 (Figure 3; Figure 
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4). The amount of shells varied in a cyclical fashion, matching that of the commercial season in 

Texas (Figure 2). The greatest amount of shell was collected in December 2015 (80,700 lbs) 

followed by February 2017 (67,600 lbs).  The least amount of shell was collected in August-

October 2015 (average 4,400 lbs), just prior to the start of the commercial season.   

 

Figure 3. Getting ready to transport collecting recycled oyster shells to the Port of Corpus Christi in our trailer. 

 

 

Figure 4. Depositing recycled oyster shells at the Shell Bank stockpile location at the Port of Corpus Christi. 
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Also as a part of this task, we recycled oyster shells and performed community outreach at 

Austin Oyster Festival (February 27, 2016; Figure 5, Figure 6), and St. Mary’s Fiesta Oyster Bake 

(April 15-16, 2016; Figure 7). For both festivals, we transported a trailer from Texas A&M 

University-Corpus Christi to the festival location and filled the trailer with shucked shells for the 

duration of the event.  In addition, we walked throughout the event with buckets, picking up 

shells from festivalgoers and talking to them about the Shell Bank program, oyster shell 

recycling, and the importance of oyster reef restoration. We also teach people how to shuck 

oysters on occasion (Figure 8).  The most frequently asked question we hear at the seafood 

festivals is: “What are you doing with the shells?”.  Festivalgoers are very interested in the 

program and are excited to learn about shell recycling and to hear that the oyster shells will be 

used for oyster reef restoration projects.   

 

Figure 5. Recycling oyster shells at Austin Oyster Festival, February 27, 2016. 
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Figure 6. Speaking with a festivalgoer about the importance of oyster shell recycling and oyster reef restoration. 

 

 

Figure 7. Talking about oyster shell recycling and oyster reef restoration at St. Mary's Fiesta Oyster Bake, April 15-
16, 2016. 
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Figure 8. Teaching festivalgoers to shuck oysters at St. Mary's Fiesta Oyster Bake, April 15-16, 2016. 

2. Community-based restoration events 

As part of CMP 20, we hosted two community shell-bagging events at Goose Island State Park, 

one on Saturday, April 2, and one Saturday, May 7, 2016, both from 8:30-11:30 am.  During 

each event, volunteers learned about oyster reef restoration and created the building blocks for 

an oyster reef by filling mesh bags with reclaimed oyster shells.  There were 3 stations of 

restoration activities that the volunteers were engaged in:  (1) they cut tubular aquaculture 

mesh fit roughly 2 gallons of recycled shell (Figure 9); (2) with a partner, they filled the bags 

with recycled oyster shell using a PVC pipe as a guide (Figure 10); and (3) they loaded the bags 

onto a wagon and delivered them to a staging area for reef restoration (Figure 11).   

 

Figure 9. Aquaculture mesh is measured and cut to size at community-based restoration event. 
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Figure 10. Recycled oyster shell is poured into PVC pipe holding mesh bag. 

 

 

Figure 11. Loading bags of recycled oyster shell into the wagon to move to the staging area. 

 

A total of 269 volunteers participated in these community-based restoration events and bagged 

a total of 44,660 pounds of recycled oyster shell (Figure 12).   On April 2, 113 volunteers 

participated and 13,500 pounds of recycled oyster shell were bagged.  On May 7, 156 

volunteers participated and 30,520 pounds of oyster shell were bagged—the largest amount 

we have ever achieved.  Volunteers included students from Moody High School and King High 
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School from Corpus Christi, Judson High School from San Antonio, and Texas A&M University-

Corpus Christi. As always, staff from Goose Island State Park were extremely supportive of 

these events, and even participated themselves (Figure 13).  

 

Figure 12. Volunteers at community-based restoration event.  Photo credit: Lisa Laskowski. 

 

Figure 13. Jarrod Boudreaux, Operations Manager for Goose Island State Park, Texas Parks and Wildlife 
Department, helps shovel recycled oyster shells.  

 

Additional outreach within the community was also performed throughout the project period.  

On June 8 and June 22, 2016, we participated in the Summer Science Field Program at the 
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University of Texas Marine Science Institute.  As part of this program, we facilitated lab and 

field activities related to oyster reef restoration for 3rd and 4th graders from local schools.  As 

part of this outreach, we taught the students about habitat restoration and the role of shell 

recycling and led the students in an investigation of oyster reef inhabitants.   

 
3. Teacher Institute 

Educators need field-based training and development to further students’ critical thinking skills 

and to teach about management of coastal resources. The program we designed for this grant 

connected classroom instruction to field experiences. This completes the circle of learning by 

yielding lesson plans that teachers take back to their classrooms. Planning started in December 

2015, with Gail Sutton, Jay Tarkington, Dr. Mary Ann Davis and Dr. Richard Davis working on the 

application process for teachers. The teachers had noted in their applications that the original 

plan of a 5-day institute would not work with their class schedules.  The recommendation was 

to divide the 5-day program into two shorter periods so they could get approval to attend. The 

program agenda was adapted so more teachers could attend the teacher institutes.   

The date for one of the institutes was set for May 6-7, 2016 at the Laguna Madre Field Station 

owned by Texas A&M University-Corpus Christi.  The remote Field station is accessible only by 

boat and provided a unique backdrop for the teachers’ educational experience.  Eighteen (18) 

middle and high school teachers were selected from Coastal Bend schools.  Teachers from 

socio-economically disadvantaged districts were preferred in the selection process.  Along with 

discussions and activities associated with South Texas wetlands, several location specific STEM 

activities were developed and presented throughout the workshop (see-attached modules).  

The modules created for the teacher institute were designed on topics including, shoreline 

erosion, biologic sampling, mercury bioaccumulation, buoyancy, and critical thinking skills. One 

highlight of the workshop involved the teachers learning about the physics of Native American 

atlatls. These Native American “throwing sticks” provided the teachers not only a unique 

physics lesson but provided them insight in to the prehistoric people of the coast and the land 

mammals that once roamed the coastal plains.  In addition to the specific modules created for 

the institute, teachers were asked to share and discuss STEM activities they are currently using 
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in their classroom. The 2-day teacher institute provided the teachers several new location 

specific STEM activities based around the unique ecology found along the Texas coast.  

This was an excellent forum to connect CMP 19 participant teachers with the CMP 20 

participating teachers in advance of the Teacher Institute. As in prior CMP grants, Jennifer 

Pollack and Gail Sutton strive to link prior CMP tasks with current tasks in order to maximize 

impact of the grant. This institute provided local aquatic science teachers an opportunity to be 

mentored by the CMP 19 teachers, utilize their curriculum, and participate in field based 

activities based on these unique lesson plans. 

The second grouping of teacher institutes, called “Day Institutes”, were designed for the 

teachers to apply field techniques to curriculum with their students.   

These teachers with their students traveled to Goose Island State Park on St. Charles Bay to 

work on the Educational Reef that has been the cornerstone of the Oyster Shell Recycling 

Program:   

o February 7-9, 2017: King High School, Amanda Rose 
o February 14, 2017:  Carrol High School, Robert Doemlan 
o February 22-23, 2017: King High School, Amanda Rose 

  

These teachers with their students traveled to the Laguna Madre Field and Estes Stations and 

the campus of Texas A&M University-Corpus Christi to apply field techniques: 

o February 28, 2017: Moody High School, Vinay Dulip 
o March 2, 2017: Moody High School, Vinay Dulip 
o March 3, 2016: Rockport-Fulton Middle School, Kay Blaha and Bobby Jackson 
o March 10, 2016: Riviera High School, Rosanna Ryan 
o March 30, 2016: Little Bay Elementary, Jeff Groseclose 
o April 4, 2016: Baker Middle School, All teachers invited 
o April 5, 2016: Gloria Hicks Elementary, All teachers invited 
o April 6, 2016: Andrews Elementary, Morgan DeLong and Jessica Tubbs 

 

The teachers were very pleased with the outcome of the 2-day and 1-day Teacher Institutes. 

This allowed them the time to learn a skill set then apply it in the field. The adaptation of the 
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timeperiod was critical to the success of the task. The lesson learned for our team was not to be 

overly ambitious with the schedule. The addition of the CMP 19 teachers was also a high point 

of the institute. Their mentoring of the CMP 20 teachers was helpful to both sets of teachers. 

We feel this program was a big success and plan to continue it. 

 

Figure 14. Traveling down to the Laguna Madre Field Station. 

 

 

Figure 15. One of the STEM related activities involved designing original fish traps for specific species.  The traps 
were then tested overnight and many yielded positive results. 
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Figure 16. Teachers are designing tinfoil boats and testing their stability and seaworthiness with various items. 

 

 

Figure 17. Teachers are conducting a buoyancy lab involving moving and underwater research station “a brick” 
with a limited amount of materials without physically touching the “lab”.  They were having to use critical thinking 
skills, teamwork, and demonstrate an understanding of the concept of buoyancy. 
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Figure 18. The teachers had the opportunity to be native hunters and explore the use of prehistoric atlatls.  They 
were able to see how peoples from our past used simple machines (various levers) and physics to increase the 
power of hunting darts. 

 

 

Figure 19. Teachers are experimenting with various shoreline stabilization techniques in an effort to protect their 
coastal city form a category IV storm.  Various materials including solid bulkheads, natural vegetation, retention 
ponds, and living shorelines were tested and evaluated.  
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Figure 20. Teacher applying the lesson plan for the buoyancy lab. 

 

 

Figure 21. Teacher applying the lesson plan for the buoyancy lab. 
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Figure 22. Teacher applying the lesson plan for the buoyancy lab. 

 

 

Figure 23. Teacher applying the lesson plan for shoreline stabilization techniques. 
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Figure 24. Teacher applying the lesson plan for shoreline stabilization techniques. 

 

 

Figure 25. Teacher applying the lesson plan for shoreline stabilization techniques. 
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4. Oyster health 

The protozoan parasite Perkinsus marinus is the causative agent for Dermo oyster disease and 

causes severe mortality of oysters in Texas bays, particularly during periods of high 

temperatures and salinities.  Although P. marinus does not affect humans, it can limit oyster 

harvests and dramatically affect the success of restoration projects.  Due to extended droughts 

in Texas, the resulting uncommonly high salinities in bay waters may lead to increases in 

disease-related oyster deaths.  We monitored oyster disease characteristics at oyster reefs 

along a salinity gradient in the Mission-Aransas Estuary to identify disease hotspots and 

determine overall oyster health.   

Seven stations were sampled along a salinity gradient in the Mission-Aransas Estuary to 

measure oyster characteristics and water quality: Shell Bank, Lap, Causeway North, Causeway 

South, Grass Island, Half Moon, and Long reefs (Figure 14).  At each station ≥ 20 oysters (~10 

market size (≥76mm) and ~10 sub-market size (26-75mm)) were collected using an oyster 

dredge.  Depth, temperature, conductivity, dissolved oxygen, salinity, pH, and turbidity were 

measured with a Hydrolab Surveyor II at the surface and approximately 10 cm above the bay 

bottom.   

 

 

Figure 26. Oyster reefs sampled (blue points) along a salinity gradient in the Mission-Aransas Estuary. 
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For each oyster, P. marinus infection was assessed using Ray’s Fluid Thioglycollate Method (Ray 

1966). A 5 x 5 mm section of mantle tissue was removed and incubated in Ray’s Fluid 

Thioglycollate Media (RFTM) for 2 weeks following the culture method of Ray (1966). Tissue 

cultures were then stained with 75% Lugol’s solution and examined microscopically for P. 

marinus hypnospores (blue/black spheres).  Perkinsus marinus intensity was scored using the 6-

point Mackin scale (uninfected (0) - heavily infected (5)) adapted from Mackin (1962) by Craig 

et al. (1989). The proportion of oysters infected with P. marinus (prevalence) was calculated by 

dividing the number of infected oysters by the number of oysters sampled.  Mean infection 

intensity (II) of individuals on the reef was calculated (Soniat et al. 2012), and then weighted 

prevalence, a measure of the relative severity of P. marinus infection in a population, was 

calculated by multiplying mean infection intensity by prevalence.  

To better understand the relationship between P. marinus and salinity in the Mission-Aransas 

Estuary, field data were combined with those starting in December 2004 compiled from Oyster 

Sentinel (www.oystersentinel.org), a database maintained by Dr. Tom Soniat at the University 

of New Orleans. 

 

Biweekly-collected salinity and temperature data obtained from Texas Parks and Wildlife 

Department (TPWD) Coastal Fisheries Division were used to hydrologically characterize the 

Mission-Aransas estuary under three inflow/salinity regimes: wet/low salinity, drought/high 

salinity, and normal (Palmer and Montagna 2015).  Historical conditions for each estuary were 

determined to be in drought if mean monthly salinities were within the upper quartile of 

monthly salinities.  Conversely, conditions were determined as being wet if the mean monthly 

salinities were within the lower quartile of all salinities.  Normal conditions were determined if 

salinities were in the interquartile range of historical salinities. 

Oyster infection by P. marinus varied by climatic conditions and across stations in the Mission-

Aransas Estuary.  Among climatic conditions there were highly significant positive relationships 

between salinity and the proportion of market-size oysters infected with P. marinus (r = 0.735, 

P < 0.0001, Figure 15) as well as with the severity of infection (r = 0.827, P < 0.0001). Among all 
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reefs, P. marinus infections in market-size oysters significantly increased from wet (35.1%, 0.53) 

to normal (56.8%, 1.03), and normal to drought (68.2%, 1.41) conditions (P < 0.0001, Figure 16, 

Figure 17). In submarket-size oysters there was a lower proportion of infection with P. marinus, 

with lower relative severity of infection, in wet conditions (28.9%, 0.50); there was no 

difference during normal and drought conditions (43.9 - 44.7%, 0.776 - 0.804, P < 0.05).   
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Figure 27. Correlations of proportion of oysters infected with P. marinus (prevalence) and severity of infection 
(weighted prevalence) with salinity among oyster reefs and climatic conditions. Bars represent standard errors 
about the mean. Reef abbreviations: LR = Long Reef, HMR = Half-Moon Reef, GI = Grass Islands Reef, SC = SW 

Causeway Reef, NC = NW Causeway Reef, LAP = Lap Reef, SB = Shell Bank Reef  
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In wet, normal, and drought conditions all reefs had a similar proportion of oysters infected 

with P. marinus and severity of infection, except Shell Bank Reef and Long Reef (Figure 15). The 

proportion of market-size oysters infected with P. marinus was significantly lower at Shell Bank 

Reef (21.1%) and significantly higher at Long Reef (78.2%), but similar among all other stations 

(49.1 - 57.6%, P < 0.0001, Figure 16). The relative severity of market-size oyster infection was 

significantly lower at Shell Bank Reef (0.42), but similar among all other stations (0.85 - 1.42, P < 

0.0001, Figure 17). The proportion of submarket-size oysters infected with P. marinus, and the 

relative severity of infection was similar among all stations (P < 0.0001).  

 

Figure 28. Relative severity of P. marinus infection (weighted prevalence) for market-sized oysters within the 
Mission-Aransas Estuary. Stations in order from southeast (Long Reef) to northwest (Shell Bank Reef) 
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Figure 29. Proportion of oysters infected with P. marinus (prevalence) for market-sized oysters within the Mission-
Aransas Estuary. Stations are in order from southeast (Long Reef) to northwest (Shell Bank Reef) 

At each reef, there was a significant positive relationship between salinity and P. marinus 

characteristics in market-sized oysters (P < 0.05, Figure 15). In submarket-size oysters there was 

a significant positive relationship between the proportion of infected oysters and salinity at 

Shell Bank Reef and Lap Reef (P < 0.05) and a significant positive relationship between the 

relative severity of P. marinus infection and salinity at Shell Bank, Lap, NW Causeway, SW 

Causeway, and Grass Islands Reefs (P < 0.05).  There were no significant relationships between 

temperature and proportion of oysters infected with P. marinus (r = -0.027, P ≤ 0.9117) or 

severity of infection (r = 0.019, P ≤ 0.9356) among climatic conditions (Fig. 8). There was a 

positive relationship between the relative severity of P. marinus infection in market-size oysters 

and temperature at Long Reef in summer months (r = 0.776, P ≤ 0.0140). There were no 

significant relationships between temperature and P. marinus infection among reefs in winter 

months (P <0.05). 

This study helped to address the effects of Texas estuarine salinity patterns on P. marinus 

dynamics.  Results indicate that climatic conditions (i.e. wet, normal, drought) drive local 

salinity regimes in Texas estuaries, which then determine the proportion of oysters infected 
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with P. marinus and the relative severity of infection.  P. marinus infection characteristics 

increased with increasing salinity among wet, normal, and drought conditions. Salinity-based 

predictions are useful because of increasing demands for freshwater resources which have the 

potential to further reduce freshwater flows to the coast.  Using P. marinus as a bioindicator of 

adequate salinity regimes can provide water resource managers with an effective strategy to 

recommend base flow regimes to support desired estuarine conditions among drought, normal, 

and wet climate regimes.    

Conclusion 

The Texas General Land Office’s Coastal Management Program provides key funding to the 

Shell Bank oyster shell recycling program, making substantial contributions in support of coastal 

habitat restoration in Texas.  Coastal Management Program has been extremely instrumental in 

expanding oyster reef habitat restoration efforts across the state.  Support for our program has 

provided stockpiled shells to restoration projects, generated key data to support habitat 

sustainability through associated oyster health assessments, and educated and engaged 

thousands of kids and adults about coastal environmental stewardship.  Project sustainability 

has been essential to this success, allowing for expansion of our partner base and creation of 

lasting connections with the community for direct involvement in habitat restoration.  Moving 

forward, the Shell Bank program will continue educating the public, recycling oyster shells for 

habitat restoration, and providing scientifically grounded solutions to improve the sustainability 

of oyster reefs and inform adaptive management of coastal natural resources in Texas.    
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“Don’t Spill the Beans” 
 
Academic Question:  How do we effectively sample an area? 
 
Objective(s): 
 

 To introduce students to species area curve models 
 To allow students to develop their own species area curve 

 
Process (Activities): 
 
In this activity, a pan of beans will represent a diverse wetland environment with the 
different beans symbolizing different species.  The underling question of this activity is, 
“How many samples must be collected in order to obtain a true representation of the 
populations of a given habitat.”  In real life applications, sampling is a very labor 
intensive and expensive activity.  Species area curves are developed to give scientists 
information on the most efficient number of samples needed in order to complete their 
work, compile data, and provide solid scientific information.  
 

1. This lab works best in groups of 2 to 4 or can be done as a demonstration. 
2. Materials needed: (all materials are per group) 

 One bag of 13-15 bean soup. If necessary get several different bags of 
beans and mix together.  Ultimately, each group should have a mixture of 
several different kinds of dried beans. 

 One 8.5 X4.5 (or similar) bread pan. (aluminum pans are cheap*) 
 One 16 oz. soda bottle cap (screw on type). 
 Yellow “stick it” pad (just a few are necessary) 

 
3. Place a generous portion of beans into each pan making sure that the beans are a 

uniform nature. 
4. Have students use soda cap to “dip” out a level sample of beans. 
5. Place beans on table and organize into columns of like “species” 
6. With a stick it, label this group of columns “sample one” and place label beside 

the group. 
7. Count the number of columns.   
8. Write this number on the “stick it” and label it “total number of columns 

(species)- sample one” 
9. Have students “dip” out another sample. 
10. Separate into columns like above (step 5) 
11. Label columns “sample two” 
12. Count only the number of new and different columns/species and add to total 

number of species from sample one.  
13. Write this number on the “stick it” and label it “total number of columns 

(species)- sample two” 
14. Continue sampling/dipping until no “new” beans (species) occur 
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15. Have students develop a graph with “Sample Number” being the “X” axis and  
“number of different species” being the “Y” axis. 

16. The graph should resemble a gentle curve leveling out toward the maximum 
number of species.  

17.  The level part of the curve corresponds with the most efficient sample number. 
18. Have students write down how many samples are necessary to effectively and 

efficiently sample their pan of beans.  
 
Application:  Have students discuss how this activity represents sampling in a local 
wetland area.  Lead students into a discussion on different sampling techniques (nets, 
seines, coring devices, surveying equipment, etc.)  Have students discuss how some 
sampling techniques are not as effective as others (using a kick net only samples epi-
benthic organisms, not all organisms in a steam, etc.) 
 
 
Evaluation:  Have students report on their species area curve model including the graph.  
The report should contain the number of samples they feel is necessary to efficiently 
obtain a representative sample of the population.  Ask students how a larger or smaller 
sampling device would have affected their data.  Have students explain reasons why 
developing a species area curve is important. 
 
Time Frame:  1-2 class periods 
Grade level:  6th-12th 
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Float Your Boat 

Academic Question: 

  How do buoyancy and weight placement relate to boat design? 

Objective: 

 To allow students do design and test various floating models  
 To introduce students to the principles of buoyancy 
 To have students experiment with center of gravity placement 

Process: 

Explain to the students that they are now in charge of a large barge and shipping company.  
Their profit is based on the total amount of weight the barges can move.  Divide the group in to 
design teams of no more than 3 and using the material provided, have the students design and 
test their “boat” and determine how much weight it can carry.  Once the students have 
designed their boat, have them begin to place pennies in to the boat until it sinks.  Have the 
different design teams demonstrate their design for the class.     

Materials:  

  Roll of aluminum foil cut into 12x12 inch squares. 
  100 or more pennies 
  Small tank or clear bowl filled with water to test boats. 
    

Application/Extension: 

The concepts of buoyancy, displacement, and center of gravity are all demonstrated in this 
project.   These are the same concepts nautical architects work with in boat design. 

Have students research a Plimsoll Line and comment on where they would place one on their 
vessel. 

Have the students’ research then compare and contrast current boat building materials. 

Evaluation: 

Have the students comment on the good and bad parts of their design and what they would 
change in the next design. 

Timeframe: 

Gradelevel: 
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Merging Mercury 

Academic Question: 

  How does mercury accumulate in gamefish? 

 

Objective: 

  To show how mercury travels and accumulates through food chains. 

 

Background: 

Mercury, introduced or naturally occurring, can be introduced into various food 
chains/webs.  Because mercury is stored in tissue, it is transferred between trophic 
levels.  At lower levels, mercury concentrations do not seem to have an effect on animal 
function; however, as levels rise over time, animals may begin to show adverse effects 
of mercury poisoning (neurological/reproductive issues).  Humans are a high‐level 
consumer and therefore, potentially at risk of mercury poisoning. Mercury poisoning in 
humans and occurs through a process known as bioaccumulation. 

Bioaccumulation‐ refers to the accumulation of substances, such as pesticides, mercury, 
or other chemicals in an organism.  Bioaccumulation occurs when an organism absorbs a 
toxic substance at a rate greater than at which the substance is lost. 

 

Process: 

This activity will use a classroom of students representing a food chain to show the 
bioaccumulation of mercury through several trophic levels. 

  Materials: 

    3‐5 lbs. bag of pinto beans 

    1 ½‐2 lbs. bag of red beans (try to find a similar size to the pinto beans) 

    Small plastic container or small shoebox to hold combined beans  

    1 ½ ounce plastic cups 
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  Procedure: 

First level: 

Thoroughly mix together all beans in plastic container.  Have each student collect 
a full 1 ½ ounce cup of the combined beans.  At this level, the students represent 
a lower organism on the food chain and the beans represent their diet. (In 
marine systems, this level is typically made up of polychaete worms and/or 
zooplankton).  Have the students record the number of “red” beans in their diet 
for the first level and return the red beans to their sample.  The red beans 
represent mercury that the organism has eaten or absorbed from their 
environment. 

Second level: 

Have the students group together in groups of 3‐4 students and combine their 
beans.  At this level the students have moved up the food chain and now 
represent gastropods and bivalves that consume polychaete worms and 
zooplankton.  Have the students record the number of “red” beans for the 
second level. 

Third level: 

Have the groups of 3‐4 students join with another group of 3‐4 and combine 
their beans.  At this level the students have moved to the third level of the food 
chain and represent small fish (pinfish/croaker) and squid.  Have the students 
record the number of “red” beans for the third level. 

Fourth level: 

Have the groups of 6‐7 students join with another group of 6‐7 and combine 
their beans.  At this level the students have moved to the fourth level of the food 
chain and represent local sportfish (Redfish, Speckled Trout, Black Drum).  Have 
the students record the number of “red’ beans for the fourth level.  

Fifth level: 

Have the teacher “go fishing” and collect the beans representing the two or 
three “redfish” he/she caught that day.  Have the students record the number of 
“red” beans consumed by the teacher and determine/discuss if they are 
susceptible to mercury poisoning. 

Evaluation/Extension: 
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  This lab can be evaluated as per district procedures. 

Have students research other elements/chemicals that bioaccumulate in organisms. 

  Have students research local sources of mercury within their region. 

Timeframe: 

  Typically one class period. 

Gradelevel: 

  6‐12 
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Save the City 

Academic Question: 

  How do engineers design structures to protect shorelines from storms and erosion? 

Objective: 

The students will evaluate different types of shoreline stabilization devices and ultimately design 
a structure to protect their sea‐side community. 

Process: 

Begin with a discussion or unit on shoreline erosion and storms in the gulf including the 
destruction caused by storms and the large amount of money spent on shoreline protection.  
Divide the class in to design teams of 5 or less.  Have the teams chose a spot on a shoreline no 
more than a meter way from the water for their town site.  Using the materials provided, have 
them evaluate what device works best to prevent destruction of their town area.  Waves can be 
produced by the plywood provided in their materials.  After some experimentation, the students 
are charged with building the ultimate structure to protect their city.  They may use any/all 
combinations of their materials provided.  When the structure is completed, the instructor will 
generate waves and determine the effectiveness of each groups deign.  

Materials: 

  2, 2 foot 2x4 boards 
  2 bricks 
  Panty hose 
  2 Solo cups 
  Ziplock bags 
  Bamboo shiskabob skewers 
  Cup of pea gravel or small rocks 
  2x2 piece of plywood (or appropriate device for making waves) 
 

Application: 

Shoreline stabilization devices are used extensively in coastal areas.  Many projects are large 
expansive seawalls and other may be used for small sections of individual property.  Cost, 
material and labor are major factors in determining shoreline stabilization.   

Evaluation/Extension:  

  Have the students collect pictures in their local area of different types of shoreline structures. 

Have the students do a short research project on various storms that have affected the coast. 
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“The Incredible Edible Tidal Flat” 
 
Academic Question:  What is the substrate content of a tidal flat? 
 
Objective(s): 
 

 To introduce students to the living substrate components of a tidal flat 
 To allow students to model the substrate of the tidal flat 
 To educate students on the invertebrates living within the tidal flat substrate 

 
Background:   
 
 Tidal flats have a unique ecosystem that is based on large mats of blue green 
algae that make up the expansive substrate.  The flats are irregularly flooded and alternate 
between wet/dry cycles leaving behind high concentrations of salt.  These continually 
changing conditions prevent vegetation from becoming established. 
 The tidal flats take on different characteristics depending upon length and depth 
of inundation.  When wet, a living algal mat forms a papery crust 1 to 20 mm. in 
thickness and includes blue green, unicellular green, flagellated, and diatomaceous algae 
as well as various strains of bacteria.  The largest component of this living mat is made 
up of the filamentous algae, Lyngbea confervoides (Sorrenson and Connover, 1962).  
       There is a distinct zonation in the blue green algal mats.  The mat 
community may be exposed for weeks at a time followed by flooding for weeks or 
months.  Growth of the algal mat occurs during the flooding, while shrinkage occurs in 
the dry period.  Alternating banded columns of black to brown to gray occur in the mats.  
It is made up of several different grain sizes and is related to the alternating wet and dry 
periods.  During dry periods, sand is transported onto the flats.  When inundation occurs, 
the blue green algal mat grows through the freshly deposited sand and establishes itself 
on top  (Sorrenson and Conover, 1962).  This top layer is black and is used as a 
temperature insulator, as well as a light shield for the lower layers.  It becomes thicker 
and deeper in summer with the increased photoperiod.  Below this is the blue green layer 
where Lyngbea  is dominant.  Continuing down through the algal mat is a yellow green 
layer with fewer numbers of Lyngbea.  Along with Lyngbea, there are several flagellates, 
diatoms, and bacteria found here.  They cause this zone to function as a decomposition 
layer.  Below this is a pinkish layer that contains a purple, sulfur bacteria, Chromatium 
sp.  This zone also serves as a zone of decomposition, as well as a site for anaerobic 
processes (Sorrenson and Conover, 1962).  Below the pinkish layer is a colorless zone 
that varies in depth.  The lower layers are highly anaerobic and contain hydrogen sulfide 
and reduced organic matter (Birke, 1974).  When flooding occurs, large portions of the 
mat may float away. This may be a way of re-establishing the colony elsewhere.  When 
wind, water, or other disturbances remove the upper crustal layer, the area left exposed 
quickly resumes the characteristics of the described mats. 
 The consumers on the wind tidal flats of the Laguna Madre begin with insect 
larvae, polychaets, tanaids, with the tanid Hargeric rapax being the most common 
(Withers, 1994).   Predation takes place among some insects (predatory beetles and 
hemipterans), as well as by spiders (Lycosidae-wolf spiders, and Clubionidae-sac spiders) 
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that live and feed in the cracks of the surface (Pulich et. al., 1982).  Various birds and fish 
or other larger invertebrates such as crabs, then feed upon smaller organisms.  Birds are 
the major consumers during dry periods and fish dominate during wet episodes (Withers, 
1994).  Sheepshead minnows (Cyprinidon varigatus), various shrimp (Palaemonetes sp.) 
and crabs (Callinectes sapidus, Uca sp.) may feed on the tidal flat depending upon length 
of the wet episode, and depth of the water.  Various birds are found in, above, and around 
the wind tidal flat areas. 
 
Process (Activities): 
 

1. This lab works best in groups of 2 to 4 or can be done as a demonstration. 
2. The students will be modeling the various layers of a tidal flat during dry 

conditions. 
3. Materials needed:  (all materials are per group) 

 Small, clear plastic cocktail cups 
 The following flavors of pudding cups: chocolate, butterscotch, vanilla 
 The following flavors of “fruit roll-up”:  strawberry (pink) and grape (dark 

purple) 
 Oreo cookies (crushed) 
 Gummy worms and/or insects 
 Plastic spoons 
 Napkins 

4. Describe the make up of the wind tidal flat substrate using the above information.  
Feel free to simplify. (the information provided is for teacher use)  Use additional 
information as needed from the accompanying web site.   

5. Have students draw or demonstrate for them on the overhead the layering that 
may be found within the substrate. 

6. Associate colors with the appropriate layers. 
7. Have students prepare a model of a tidal flat using the materials provided.  

Remember to include the various organisms they may encounter within the 
substrate.  

 
Evaluation: 

 Have the students measure and describe each layer of the “modeled” 
substrate.   

 What types of organisms live “in” the substrate and what types of 
organisms are able to feed upon them?   

 How might their model change if it were during a period of inundation? 
 Why is the uppermost layer dark in color? 
 Why are the lower layers dark in color? 

 
Time Frame: 1-2 class periods 
Grade Level: 6th-12th  
 
Literature Cited:  
 

43



Birke,L.  1974.  Marine blue green algae mats.  Pages 331-345 in H. T. Odum, B. J. 
Copeland, & E. A. McMahon (eds.) Coastal ecological systems of the United 
States.  The Conservation Foundation, Washington, D.C.  Vol. 1, Ch. A-7. 

Pulich, W. Jr., S. Rabalais, and S. Wellso.  1982.  Food chain components on Laguna 
Madre tidal flats.  UTMSI Contrib.  No. 573.  Port Aransas, Texas.  20 pages. 

 
Sorenson, L.O. and J.T. Conover.  1962.  Algal mat communities of Lyngbya 

confervoides (C. Agardh) Gioment.  Publ. Inst. Mar. Sci., Univ. Tex.  8:  61-74. 
 
Withers, K.  1994.  The relationship of macrobenthic prey availibility to shorebird use of 

blue-green algal flats in the upper Laguna Madre.  Ph.D. Diss.  Tex. A&M Univ., 
College Station.  117 pp. 

 
 
 
    

44



Tote and Float 

Academic Questions: 

  How much buoyancy is needed to float an object? 

Objectives: 

  Design and implement a device to lift and move a submerged brick without touching it.   

Process: 

Explain to the students that their team has been put in charge of moving a large undersea 
radioactive module.  This large module cannot be simply picked up of pushed to a new location.  
A series of marine cranes, deep sea divers, boats and barges will need to be used. (Be creative 
with the story).  Place a brick for each team in 1‐2 feet of water. (a small wading pool may work 
if not near a shore).  Each team is given a box of supplies.  Using the supplies provided, the 
students must devise a way to lift and move the brick.  

Materials: 

  Brick 
  2 short sections of swim noodle 
  10 feet of string 
  4 Ziplock bags 
  5 tooth picks 
  4 balloons 
 
Application: 

  Moving large objects underwater is a major part of the offshore oil and natural gas industry.   

Evaluation/Extension: 

Have the students demonstrate their design and determine what worked well and what could 
be improved upon then have the class determine which team had the best design overall.   

Would this process work better in fresh water? (Buoyancy) 

Have the students research the moving and placement of oil platforms in the Gulf of Mexico.  

Time Frame: 

Grade Level:  

  Middle school/high school 
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Build a Better Fish Trap: 
 

Academic Question:  How can scientist best collect fish species? 
 
Objectives:   

 To  allow students to design and test various fish trap models 
 To introduce students to sampling techniques 

Process: 

Assign students to do a short internet search on several small local fish species (bait fish);  
mullet, killifish, sheepshead minnow, menhaden, etc.  After a short time have them report on 
their species to the class paying particular attention to their physiology and diet requirements if 
possible.   
Divide the group in to design teams and show them their specified materials. 
Allow each group to design a unique fish trap that will target a specific species.  Remind 
students that fish need to be able to get in but not out…. 
 

Materials: 

  Various rolls of different diameter wire mesh 
  Zip ties 
  Wire cutters 
  Rope 
  Bait for trap (dead bait from bait shop fish/shrimp) 
 
Application: 

Have the students present their design highlighting their engineering considerations.  Allow the 
students to bait their traps and place in the water for a designated time (overnight).  Have them 
record the results of their catch including numbers and species caught.  Allow the students to 
compare results with other teams.   
 

Evaluation/extension: 

 Have the students discuss/write what worked well in their design and potential changes 
to make their design more effective.  

 Have students’ research currently available commercial traps. 
 Have students’ research current State and federal laws concerning fish traps. 

Time frame: 

  1‐2 class periods as well as overnight soak 

Grade level:  Middle school‐high school   
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“The Plastic Plate Tidal Flat” 

Academic Question:  What effect does wind have on tidal flats in South Texas? 

Objectives: 
 To introduce students to the geographic relief of a tidal flat
 To effectively model a tidal flat in relation to coastal waters
 To see the effects of human travel upon tidal flats

Background: 

The wind tidal flats of the Laguna Madre are unique in their ecology, and also in 
their formation and geology.  Approximately 125,000 years ago, during the Wisconsin 
glacial stage, sea level fell 90 to 160 meters.  Many stream systems were formed to drain 
the now enlarged continental shelf.  These rivers and streams cut deep channels into the 
surface.  In the Laguna Madre, the Pleistocene (Beaumont) surface was eroded away to a 
depth of over 40 meters by one such stream (Fisk, 1959).  Sea level began to rise and 
approximately 6,000 years ago, Padre Island was beginning to form (Amduer, 1978).  A 
continuous barrier island chain was created 4,000 years ago, and the Laguna Madre was 
isolated at about this same time (Fisk, 1959).  With Padre Island established, eolian 
processes took over and with the aid of hurricanes, sand was deposited, and the tidal flats 
were formed (Fisk, 1959).  The area became sub-aerial and deposition was complete 
about 200 years ago (Long and Gudramovics, 1983).  Eolian transport of sand from Padre 
Island shaped the Laguna Madre wind tidal flats.  This same process continues to shape 
the wind tidal flats today.  The blue green algal mats also effect the sedimentary 
processes.  When wet, the sediments are held down, and with prolonged inundation they 
will become part of the layers in the substrate ( Herber, 1981).  These flats are areas with 
very little geographic relief and are prone to irregular flooding.  These intervals of 
inundation are largely caused by “wind tides”.  A wind tide is a water surface elevation 
brought about by horizontal stress on a body of water (Watson, 1979).  During normal 
conditions wind tides have an amplitude of 30 to 50 cm., and may cover areas of 50 km.2 
(Miller, 1975).  Inundation or exposure may occur rapidly depending upon the direction 
and strength of the wind.  In 1968, Copeland et. al. reported a water level increase of 1.5 
feet in a matter of a few hours.   

Wind tidal flats occur in the Laguna Madre on the backside of Padre and Mustang 
Island as well as the mainland side in the area commonly known as the Land Cut.  Before 
the dredging of the Intercoastal Waterway the two areas were connected.  It was divided 
roughly in half at its lowest portion and continuous dredging is necessary to keep the 
canal at a controlled depth.  The construction of the Intercoastal Waterway has had a 
major effect on the wind tides of the Laguna Madre.  The canal serves as an escape 
channel for water to move freely through (Coover and Rechcenthin, 1965).  The water is 
no longer able to “pile up” as it has in the past, nor is the water able to retreat as slowly 
across the flats.  Depending upon the literature, the central tidal flat area is also referred 
to as the Kenedy mud flats, central mud flats, salt flats, salt pans, or the south Texas 
coastal sabkah.  
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Process (Activities): 
 

1. This lab works best with groups of 2 to 4 or can be done as demonstration. 
2. The students will be forming and evaluating a model of a tidal flat 
3. Materials needed: 

 Small to medium disposable plastic dinner plates 
 Modeling clay 
 Toothpicks 
 Water 

4. Have students press clay in to the bottom of the plate forming a flat, level 
surface leaving approximately 1/8 to ¼ of the plate bare and free of clay. 

5. The clay should represent the tidal flat and the open area adjacent to the 
clay represents nearby coastal water. 

6. After making sure that the tidal flat (clay) area is extremely flat, fill the 
open area with water. 

7. Fill the open area until the water is level with the top of the clay. 
8. Have the students get down to eye level with their model and lightly blow 

over the water area. 
9. Water should pass onto the tidal flat area. 
10. Have students blow the other direction over the tidal flat. 
11. Most of the water should return to the pool. 
12. Next, have the students make 5 to 6 tracks representing human travel (car, 

motorcycle, four wheeler) in the clay using the toothpicks. 
13. Repeat the wind simulation. 

 
 Evaluation: 
 
 Have the students:  

 Estimate the area of their tidal flat 
 Describe the effect different directions of wind has on water adjacent to a 

tidal flat 
 What effect does human travel have on water flow over the tidal flats? 
 Which direction of tracks affects the water flow least? 
 How could their model be better designed?  

 
Time Frame:  1-2 class periods 
 
Grade Level:  6th-12th  
 
Literature Cited: 
 
Amdurer, M.  1978.  Geochemistry, hydrology, and mineralogy of the Laguna Madre       
         flats, south Texas: Master’s Thesis, Univ. Texas, Austin, 172 pp. 
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