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Introduction 

Oyster reefs are an important natural resource within U.S. Atlantic and Gulf of Mexico 

estuaries.  They provide recreational fishing opportunities and support a vital seafood industry.  

In 2013, 25.5 million pounds of oysters were harvested in the U.S. (19.2 million from the Gulf of 

Mexico alone), generating over $143 million in economic return.  Outside of the traditional view 

in which oysters are valued solely as a fishery commodity, oysters are now recognized for their 

numerous ecosystem benefits, including water filtration and habitat creation (Figure 1).  

Eastern oysters (Crassostrea virginica) in Gulf of Mexico estuaries create complex reefs and 

provide important habitat for fish and crustaceans. Reefs may provide additional ecosystem 

services such as increased water filtration, nitrogen regulation, and shoreline protection.  

Unfortunately, oyster reefs have suffered 

historic losses due to overharvest, disease, 

and degraded water quality, making them 

the most threatened marine habitat on 

earth with over 85% lost. 

Oyster reef restoration programs aim to 

reverse the trend of habitat loss and water 

quality degradation, but their success has 

been hindered by a shortage of oyster shell, 

the preferred substrate for oyster 

settlement and thus for reef restoration.  

Oyster shells are often present in 

insufficient amounts or are lost to landfills 

or competing uses.  The innovative Shell Bank oyster shell recycling program 

(http://oysterrecycling.org/), funded through the TGLO Coastal Management Program,  

establishes unique public‐private partnerships to reclaim and recycle shucked oyster shells from 

restaurants and seafood wholesalers in the Texas coastal bend for use in habitat restoration 

projects.  The shells are transported to our stockpile location at the Port of Corpus Christi, 

quarantined for at least 6 months to eliminate any potential for spread of disease, and are then 

ready for use in oyster reef restoration.   

Figure 1. Ecosystem benefits provided by oysters.  
Produced by EcoCheck. http://ian.umces.edu/ecocheck 
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Project partnerships and progress 

We began working with The Coastal Management Program in 2009 to establish the Shell Bank 

Project as the first integrated oyster shell reclamation, recycling, and restoration program in 

Texas.  Our original project partners were: the Harte Research Institute for Gulf of Mexico 

Studies at Texas A&M University‐Corpus Christi, the Port of Corpus Christi Authority, and Water 

Street Seafood in Corpus Christi, TX (Figure 2).  To date, we have restored over 14 acres of 

oyster reef using these reclaimed oyster shells.  We have recently received funding to restore 

an additional 2,000 linear feet of oyster reef in St. Charles Bay using these recycled shells, 

funded by the Coastal Conservation Association.  Since 2009, funds from the Coastal 

Management Program have been used to generate external support for habitat restoration 

using recycled oyster shells from a number of entities including: Fish America Foundation, Gulf 

of Mexico Foundation, National Fish and Wildlife Foundation, Texas Parks and Wildlife 

Department, and the NOAA Community‐Based Restoration Program. 

CMP 19 Project Goals  

For CMP Cycle 19, our goal was to expand the existing program by focusing our efforts toward 4 

principal project goals:  

Goal 1: Expand oyster shell collection.  The Shell Bank Program reclaims shells from coastal 

bend restaurants and wholesalers for use in restoring degraded reef. As part of CMP Cycle 19, 

we will continue these efforts and expand our partnerships with seafood festivals to increase 

oyster shell collection efforts and involve students in educational outreach for the over 100,000 

people who attend these festivals.  

Goal 2: Community‐based restoration events.  In order to create local environmental 

stewards, The Shell Bank Program will host two community‐based oyster reef restoration 

events.  Funds will be provided for local schools to participate in each event, where students 

and community volunteers will learn about oyster reef restoration and create the building 

blocks for an oyster reef by filling mesh bags with reclaimed oyster shells. The goal is to fill 600‐

1000 bags of shell which will be used for restoration of an educational oyster reef at Goose 

Island State Park, funded by our restaurant partners.  
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Figure 2. Shell Bank Program location map, Texas, U.S.A. 



9 
 

Goal 3: Teach the Teachers. To encourage wise use and management of coastal 

environments, educators need field‐based training and development.  The Shell Bank Program 

will create a two‐day summer field‐based program using dynamic and hands‐on techniques not 

currently being offered.  This program will complement existing teacher education programs 

and will connect classroom instruction to restoration‐based field experiences to complete the 

circle of learning.  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: Restored reef habitat value.  There is an insufficient amount of shell available in Texas 

to accommodate large‐scale reef restoration efforts, so it is important to understand the value 

of alternative materials. TAMU‐CC’s small‐scale experiments indicate that crushed concrete, 

limestone, and river rock could serve as suitable alternatives. TAMU‐CC restored six acres of 

oyster reef in Aransas Bay in 2013 using these three substrates plus shell and will monitor this 

reef to evaluate fauna communities in each substrate type. 

CMP 19 Project Accomplishments 

Expand Shell Collection 

The Shell Bank Project works to provide recycled oyster shells for habitat restoration projects 

by partnering with restaurants and seafood wholesalers in the Texas coastal bend, as well as 

regional seafood festivals to reclaim their shucked oyster shells.  Over 14 acres of oyster reef 

have been restored in the Texas coastal bend utilizing oyster shells reclaimed as part of the 

Shell Bank Project.   

Recycling oyster shells for use in oyster reef restoration is a four‐step process, including: (1) 

harvest of oysters by commercial fishermen, which are then sold to seafood wholesalers, 

restaurants, and seafood festivals for consumption.  (2) shell collection, where workers or 

volunteers separate the shucked oyster shells from other food waste and trash, and place them 

into collection containers for pickup.  (3) shell stockpiling occurs at the Shell Bank repository at 

the Port of Corpus Christi for at least 6 months to eliminate potential diseases or invasive 

organisms associated with the shells or associated tissue.  (4) reef restoration (using external 
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funding) occurs using the recycled shells as substrate to provide habitat for oyster populations 

and fauna communities.   

The Shell Bank Program encourages local partners to recycle their oyster shells rather than send 

them to the landfill as trash or apply them to competing uses such as decorative purposes 

(shellcrete for walkways, walls, etc.) or as fill for driveways or parking lots (Figure 3).  The 

majority of oysters consumed in Texas come from Gulf of Mexico populations (usually Texas but 

also Louisiana).  Because oysters may have originated from out of state, or even outside of the 

Mission‐Aransas Estuary where our restoration efforts are focused, we follow Texas Parks and 

Wildlife guidelines for shell quarantine; shells are held at the Port of Corpus Christi for at least 6 

months to eliminate potential pathogens or non‐native species.  

 

Figure 3. Shellcrete blocks, Goose Island State Park, 1934. Image from http://texascccparks.org/archive/ goose-
island-caliche-blocks-20/ 

The total weight of oyster shells reclaimed from our partners during CMP Cycle 19 was 676,300 

pounds, or approximately 514 cubic yards of shell (Figure 4).  The greatest proportion of oyster 

shells during CMP 19 were generated by Groomer’s Seafood (approximately 560,050 lbs), 

followed by Water Street Oyster Bar and Seafood Restaurant (approximately 108,650 lbs).  

These restaurant and seafood wholesaler partners in the Shell Bank Program contribute 100% 

of their oyster shells for reef restoration.  Although we were unable to bring another local 

restaurant, Scuttlebutts, into the program, we are continuing to explore other avenues to 

recycle oyster shells.  We are currently engaged in a dialog with the US Business Council for 
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Sustainable Development to recycle an estimated 4,000 lbs of oyster shell per week from a 

large seafood restaurant in Austin.  We also met with the largest and oldest seafood processor 

Austin, Quality Seafood to discuss the idea of collecting shell from their operations by 

transporting the shell to Corpus Christi using the same trucks that deliver fresh fish from the 

coast to Austin.  We hope to continue these talks and find a way to recycle their shells as well.  

Of the seafood festivals, Fiesta Oyster Bake generated the largest amount of shells 

(approximately 3,500 lbs; Figure 55 for one event), followed by Austin Oyster Festival 

(approximately 4,100 lbs for two events).  It’s important to note, that we could have recycled 

additional shells from Austin Oyster Festival had their estimates of shell production been larger 

(i.e. we could have brought a larger capacity trailer).  The documentation of the shell collection 

is done after each collection trip.  The students pick up the trailers and verify the amount of 

shell then take it to the repository.  When they return to the campus the log is completed by 

two individuals verifying the amount of shell, date and any comments about the trip (trash, 

condition of the shell, etc.). 

 

Figure 4. Number of oyster shells reclaimed (in pounds) since project inception. 

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

N
o
v‐
0
9

Fe
b
‐1
0

M
ay
‐1
0

A
u
g‐
1
0

N
o
v‐
1
0

Fe
b
‐1
1

M
ay
‐1
1

A
u
g‐
1
1

N
o
v‐
1
1

Fe
b
‐1
2

M
ay
‐1
2

A
u
g‐
1
2

N
o
v‐
1
2

Fe
b
‐1
3

M
ay
‐1
3

A
u
g‐
1
3

N
o
v‐
1
3

Fe
b
‐1
4

M
ay
‐1
4

A
u
g‐
1
4

N
o
v‐
1
4

Fe
b
‐1
5

M
ay
‐1
5

A
u
g‐
1
5

N
o
v‐
1
5

Fe
b
‐1
6

M
ay
‐1
6P
o
u
n
d
s 
o
f 
o
ys
te
r 
sh
e
ll 
re
cl
ai
m
e
d

Date

Oyster Shells Reclaimed



12 
 

 

 

Figure 5. Recycling oyster shells at Fiesta Oyster Bake at St. Mary's University in San Antonio. 

Community‐based restoration events 

We hosted two community shell‐bagging events at Goose Island State Park: Saturday, April 25, 

and Saturday, May 16, 2015, 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. During the April 25th bagging event, 116 volunteers bagged 

13,500 pounds of recycled shell making 675 bags, despite inclement weather (Figure 6).  During 

the May 16th event, 134 volunteers bagged 30,520 pounds of recycled oyster shell making 

1,526 bags (Figure 77).  Goose Island State Park has experienced significant erosion along an 

area of degraded oyster reef, so our restaurant partners funded expansion of the educational 

reef into this area using these bags of oyster shells (Figure 88).  
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Figure 6. Community-based oyster reef restoration event at Goose Island State Park on April 25, 2015.  Clockwise 
from top left: Two of our smallest volunteers lift bags of oyster shell; Volunteers bag reclaimed oyster shells; Bringing 
bags of oyster shells to the mobilization area along the pier; Bags of oyster shells ready to create new habitat.  

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

On June 11 and June 25, 2015, we participated in the Summer Science Field Program at the 

University of Texas Marine Science Institute.  As part of this program, we facilitated lab and 

field activities related to oyster reef restoration for over forty 3rd and 4th graders from local 

schools.  On July 6, 2015, Dr. Pollack gave an invited lecture to college students as part of the 

Summer by the Sea program at the University of Texas Marine Science Institute.  The lecture 

topic was oyster reef restoration and conservation activities in the Texas coastal bend.   
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Figure 7.  Community-based oyster reef restoration event at Goose Island State Park on May 16, 2015. Clockwise 
from top left: Directions to volunteers to bag only shells, not trash; Volunteers measure and cut mesh to create oyster 
bags; Shoveling oyster shell into bags; Counting the bags of reclaimed oyster shells. 

 

Figure 8. Location of educational oyster reefs at Goose Island State Park created using recycled shells. One reef is 
readily visible in the image and has the corners marked. The other reef is not visible in the image and the 
approximate location is denoted by the white polygon and blue pins.  
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Teach the teachers 

The Teach the Teacher (Coast to Classroom Expedition) was a unique five day workshop that 

paired teachers with scientists to explore south Texas’ diverse coastal environments, which 

included oyster reefs and their ecosystem.  A big part of the expedition was to get the teachers 

out into the field to highlight Texas wetlands and the environmental changes that are occurring.  

The teachers were provided educational materials that ranged from website modules, 

reference books to hands on curriculum they can take back to the classroom.   

The teachers were taken by van from the Harte Research Institute on June 21st and driven to 

Freeport, Texas.  There they boarded the Research Vessel Fling for a five day expedition.  

Joining the teachers were four scientists:  

Center for Coastal Studies ‐ Aquatic Science Group: 
Jay Tarkington 
Beth Almaraz 
Disciplines: Wetlands, Water Quality and Ecosystems 
 
Harte Research Institute ‐ Scientists in Residence:  
Drs. Richard and Mary Davis 
Disciplines: Coastal Geologist and Science Curriculum  

 

This program provided Texas science teachers with an opportunity to work one‐on‐one with 

coastal scientists in the field. The teachers began their five‐day journey in Freeport, Texas, in 

the early morning hours of Monday, June 22, and traveled down the coast, stopping in the 

Aransas National Wildlife Refuge, Port Aransas and the Laguna Madre for field science and 

lectures on Texas natural history. The trip gave teachers a first‐hand view of South Texas’ 

diverse coastal environments, including its bays, estuaries, tidal inlets and wetlands. Teachers 

went birding, kayaking, collected water and sediment samples, and analyzed water quality. 

Theme: 

To provide and in‐depth overview of the ecologic changes along the lower Texas Coast and how 

it relates to current and future residents of the coast. 
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1. Geology/ Bay Formation/Barrier Island 

2. Sea Level Change 

3. History of Coastal Dwellers (past‐present) 

4. Water Quality/Fresh Water Inflow 

5. Benthic Communities 

6. Oyster Communities 

7. Salt marsh  

8. Mangrove  

9. Seagrass  

10. Wind Tidal Flats 

11. Industries: shrimping/oystering/marine transportation/tourism 

12. Law enforcement (TPWD/GLO/USCG) 

All topics were introduced at specific points along the journey and became part of a trip‐ 

specific binder/journal.  The binder headings were labeled by topic and contained relevant 

material to accompany location‐specific lecture/discovery/fieldwork.  After receiving the 

appropriate background information on the various topics, teachers were charged with relating 

the material back in to the classroom through STEM/discovery/inquiry‐based methods. These 

materials were collected within each teacher’s binder.   The Open Space concept was used for 

the teacher input sections and allowed for groupings and for individual work, as well as sharing.  

Many of the topics are introduced and revisited throughout the journey (i.e. sea level change).  

The binder/journal method allow the teachers to ultimately develop a specifically designed 

educational unit for use in their classroom.  In addition, a coastal survey was conducted by the 

teachers at specific points along the waterway where they collected water quality data, 

conducted vegetation surveys, and identified various plankton/nekton.  The research data 

collected was analyzed by the teachers to quantify the changes along the lower coast and 

become more familiar with field and sampling techniques.  The data collected was also be 

integrated in to the teacher binder.    

Speakers joined the cruise to address coastal geology, history, water quality, sea level changes, 

marine industry, and law. The teachers also learned about a variety of coastal habitats, 

including the salt marsh, mangroves, sea grasses, tidal flats and the benthic communities living 

in the sediment. Dr. Richard A. Davis, visiting HRI professor, served as lecturer‐in‐residence. 
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Along with their scientific guides, teachers engaged with science curriculum expert Dr. Mary 

Ann Davis to take what they learn in the field and apply it to their classrooms. Davis, a certified 

teacher with a doctorate in science education and a master’s in Marine Botany from the 

University of South Florida, provided teachers with a set of science tools and resources that 

they could bring back to their home schools to get students engaged with the coastal 

environment. 

Davis hoped that a unique, hands‐on experience would infuse enthusiasm back into burned out 

teachers who had recently exited the classroom after a long school year, and only have a short 

break before they delve back into lesson planning for next year. 

“These teachers have been working all year and they’re mentally exhausted,” Davis said. “After 

taking this cruise, they are energized and excited to be working on new lesson plans to get 

ready for the fall. And they’re hooked into a new network of teachers both on and off the coast 

that they can draw on as resources.” 

Teacher Attendees: 
 

1. Gillian Domingue      Victoria ISD Cade Middle School 

2. Vinay Dulip        CCISD Moody High School 

3. Rebecca Sullivan      Banquete High School 

4. Melody Bali        Victoria East High School 

5. Ezekiel Kuehn        Victoria East High School 

6. Sarah Roberts        Robstown ISD Seale Jr. High 

7. Celina Vargas        Tuloso Midway High School 

8. Katie Crysup Sikes      Seashore Learning Academy 

9. Debora Berry        Banquete High School 

10. Andrea Slusher      Banquete High School 

11. Michelle Wells       CCISD Hamlin Middle School 

12. Tammy Reeves      Refugio High School 

13. Ada Anderson       Flour Bluff Elementary 

14. Rachael Diaz        Dr. M.L. Garza‐Gonzales Charter School 

15. Janice Ainbinder      Flour Bluff Intermediate 

16. Ryan Piwetz        Port Aransas High School 

17. Dominica Chapman      Calallen Middle School 

18. Kay Blaha        Rockport Fulton Middle School 
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19. Robert Doemland      CCISD Carroll High School 

20. Jessica Boudreaux      Ricardo Middle School 

21. Chris Dundas        CCISD Carrol High School 

Teacher Comments: 
Rachael Diaz, a high school science teacher with Dr. M.L. Garza‐Gonzalez Charter School in 

Corpus Christi, said that despite living only a short distance from the Gulf of Mexico, many of 

her students have never seen it. 

“I definitely see the need to take our children into the estuaries to experience them firsthand,” 

Diaz said. “Exploring the coast and learning how the individual environments connect, teaches 

you how important they are.” 

Gillian Domingue, a 7th grade life sciences teacher at Cade Middle School in Victoria, Texas, 

said she was looking for a summertime professional development workshop that would help 

bring new activities to her classroom (Figures 9‐14 document the Coast to Classroom Cruise.) 

 

Figure 9. Teachers onboard the R/V Fling attending one of the lectures. 
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Figure 10. Teachers were provided Go Pro’s to use as a method to bring the outdoors into the classroom.  In addition 
to the scientists onboard, a videographer and two assistants worked with the teachers to learn how to take still shots 
and video their daily interactions. 

 

 

Figure 11. Kayaks and flat bottom boats were used to get the teachers close to shore to study the various 
ecosystems. 
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Figure 12. The expedition’s journey included a stop at the Laguna Madre Field Station.  Nearshore field skills were 
taught in addition to a drone demonstration. 

 

Figure 13. Teachers worked together to develop curriculum that would be shared at the end of the expedition. 
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Figure 14. The R/V Fling made a stop at the Port of Corpus Christi for presentations by the Port staff and various law 
enforce groups: Fish and Wildlife, Game Wardens, Texas Parks and Wildlife, etc. 

 

The follow up with the teachers occurred May 6‐7, 2016 in the form of a STEM workshop at the 

Laguna Madre Field Station.  The purpose was to reconnect the teachers from Teach the 

Teacher with other local teachers in a mentoring situation.  Our teachers from our original 

group joined Jay Tarkington and Beth Almaraz at the field station so they could discuss what 

worked in the classroom from the June 2016 cruise and how they implemented their course 

work.  Additionally, they were able to teach other teachers the field techniques they learned 

and also share curriculum.    

The remote Field station is accessible only by boat and provided a unique backdrop for the 

teachers’ educational experience.  A total of 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 
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workshop were based 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 workshop, the teachers were 

invited to share and discuss STEM activities they are currently using in their classroom. In 

conclusion, the workshop provided the teachers several new location specific STEM activities 

based around the unique ecology found along the Texas coast (Figures 15‐19 document STEM 

Workshop.) 

 

Figure 15. Teachers discussing how to accomplish the “Tote and Float” activity. 
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Figure 16. Teachers learning about buoyancy with the “Float your Boat” activity. 

 

 

Figure 17. Teachers learning the Atlatl physics lesson. 
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Figure 18. Teachers working on the shoreline stabilization activity. 

 

 

Figure 19. The group of teachers and mentors out at the field station. 
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Restored reef habitat value 

We sought to evaluate the efficacy of four substrates in oyster reef restoration: concrete, 

limestone, river rock, and oyster shell.  Specific objectives were to: 1) characterize and compare 

effects of substrate type on oyster populations, 2) describe and compare resident fauna 

community structure and species‐substrate relationships, and 3) calculate and compare 

benefit‐cost ratios for each substrate type to guide restoration planning. 

In July 2013, six acres (0.24 km2) of subtidal oyster reef were restored in Aransas Bay, Texas. 

Twelve rectangular reef mounds (each 27.4 m x 18.5 m x 0.3 m) were constructed using barges 

for hauling, with three replicate mounds of four substrate types: concrete, river rock, 

limestone, and oyster shell (Figure 20).  For oyster population and fauna community 

monitoring, 6 sampling trays (containing substrate matching the reef mound of interest) were 

anchored to each of the 12 reef mounds using rebar stakes. The margins of each mound and 

the location of all sampling trays were marked with PVC poles.   

Sampling of the reef occurred seasonally, where one tray from each mound was randomly 

selected and removed. Substrate and organisms from each sampling tray were transported to 

the laboratory for processing.  Macrofaunal organisms were separated from substrates using a 

sieve with 4 mm mesh and preserved in 10% buffered formalin. Fauna were sorted on a 

dissecting tray using forceps and identified using a stereo microscope. All organisms were 

quantified and identified to the lowest practical identifiable level, usually species. Dry‐weight 

biomass was obtained after placing organisms in a drying oven at 60 °C for 48 hours. 

A metric incorporating the mean density of oysters and motile fauna over the monitoring 

period, coupled with the substrate and transportation costs (US$ m‐3) was used to rank our 

substrates from an ecological and economic standpoint. The benefit‐cost ratio was calculated 

by dividing the mean density of oysters (n m‐2) or motile fauna (n m‐2) by the costs of creating 

the reef (US$ m‐3). The creation costs included material and transportation costs. It is estimated 

that 0.5 m3 of substrate is required to produce 1 m2 of horizontal surface area (and 0.3 m‐2 of 

vertical relief). 
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Figure 20. Location of the restored oyster reef in Aransas Bay, TX, part of the Mission-Aransas Estuary, shown in 
state (a) estuary (b) and local (c) scales.  Repeated colors indicate reef mounds of the same substrate type. 

 

A total of 3,892 oysters were collected and measured throughout the study.  Oyster abundance 

in the first two sampling periods were significantly less than the later sampling dates (Figure 

2121). The mean oyster density peaked in July.  Oyster abundance was highest on the concrete 

reef, followed by limestone, oyster shell, and river rock. Almost all oysters were spat‐sized (< 25 

mm) for the first three sampling periods. However juvenile oyster densities (76 > height > 25 

mm) increased throughout the study period. Only one Texas market‐sized oyster (≥ 76 mm) was 

collected, during the final sampling period.  However, multiple oysters were approaching 

market size by the final sampling event.    
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Figure 21. Abundance (n m-2) of A) all oysters B) spat (< 25 mm) and C) juveniles (≥ 25 mm).  

 

Oysters (C. virginica) dominated areal coverage on all substrate types (Figure 2222). Balanus sp. 

(acorn barnacles) and serpulid polychaete worms were the next most common species. Other 

sessile organisms observed on the substrates included Anomia simplex (jingle shell), Crepidula 

sp. (slipper shell), mussels from the family Mytillidae and various Ascidians (sea squirt) species.  
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Figure 22. Percent (%) area cover: average ± standard error for most abundant sessile organisms.  

 

A total of 11,362 motile fauna were collected, representing 8 fish species and 10 decapod 

crustacean taxa.  Abundance was lowest during the first two sampling periods and was greatest 

during July and October (Figure 2323). Oyster shell and concrete supported the largest overall 

abundances of motile fauna. Mirroring the abundance patterns, motile fauna biomass was 

lowest during the first two sampling periods and greatest in July and October.  Oyster shell and 

limestone supported the greatest overall biomass of motile fauna.  Diversity (N1) of motile 

fauna was highest in April, prior to peaks in abundance and biomass, declined to a low in July, 

and then slowly increased again through time.   
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Figure 23. Motile fauna: average ± standard error for A) abundance (n m-2), B) Biomass (g m-2), and C) N1 diversity.  

 

Crabs were the most abundant motile fauna on the restored reef (Figure 2424). Crab 

abundance was greatest in July and October, and drove overall abundance patterns. Fish 

followed similar abundance patterns as crabs (Fig. 6B). Shrimp abundance did not follow the 

same general patterns as crabs and fish; instead abundances increased gradually over time.   
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Figure 24. Individual motile fauna taxa: average ± standard error of abundance (n m-2) for A) crabs, B) fish, C) shrimp. 

 

Benefit‐cost ratios were calculated for oyster and motile fauna production separately (Table 1). 

Higher ratios equate to higher ecological benefits in relation to substrate costs. Market prices 

for each substrate type varied as follows: concrete rubble (US$27.14 m‐3), limestone (US$38.25 

m‐3), river rock (US$42.18 m‐3) and oyster shell (US$32.70 m‐3). Similar to our results for oyster 

abundance, concrete (68.8 $‐1) and limestone (46.6 $‐1) had higher benefit‐cost ratios than 

oyster shell (39.2 $‐1) and river rock (25.8 $‐1) for oyster production. When applying the benefit‐

cost ratio to motile fauna production, oyster shell (72.2 $‐1) scored slightly higher than concrete 

(70.6 $‐1); both substrates scored well above limestone (41.6 $US‐1) and river rock (34.2 $‐1). 
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Table 1. Substrate characteristics including price, mean abundances of oysters and motile fauna and associated 
benefit-cost ratios. 

  Benefit (m‐2) Cost (US$ m‐3) BCR (n US$‐1) 

Substrate   Oysters   Fauna    Purchase Transport   Oysters  Fauna 

Shell  832  1533 32.7 9.8 39.2  72.2

Concrete  1022  1047 27.1 2.6 68.8  70.6

Limestone  939  838.9 38.3 2 46.6  41.6

River Rock  597  792.2 42.2 4.1 25.8  34.2

 

A variety of substrates have been tested for the ability to replace natural oyster shell for reef 

restoration including mollusk shells, rubber material, porcelain, and gravel.  Unfortunately, in 

many restoration studies, the choice of substrate material is based solely on price and 

availability rather than the ecological potential (Brumbaugh & Coen 2009; George et al. 2014). 

A number of studies have examined recruitment and survival of oyster larvae (Mann et al. 

1990; Soniat & Burton 2005; Nesterlode et al. 2007), but fewer focus on the relative habitat 

value for macrofauna (French‐McCray et al. 2003; George et al. 2014). As reef restoration 

efforts expand throughout the United States with the desire to mimic ecosystem services 

provided by natural reefs, it is important to better understand the effect of substrate type on 

relative habitat value. 

The ability of a substrate to support oyster populations and provide habitat for other organisms 

is a basic component in reef restoration (Hadley et al. 2010). Once substrates are deemed 

suitable for habitat creation, restoration practitioners should choose a substrate that’s both 

economically and ecologically favorable based on their restoration goals and budget. In the 

current study, all examined substrates were suitable for attracting oysters and establishing 

oyster reef communities. The highest abundances of oyster spat occurred nine months after 

tray deployment, whereas juvenile oyster abundances increased throughout the study period.  

Concrete and limestone supported the greatest number of oysters over all dates. Oyster shell 

and concrete substrates supported the highest abundances of associated motile fauna.  Faunal 
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diversity did not vary by substrate material, but did show seasonal variation. Variability in the 

performance of these substrates with regards to different aspects of reef development, 

indicates substrate choice should be considered carefully and be dependent on the restoration 

goals.  

 

Conclusion 

Ongoing support from the Texas Coastal Management Program has allowed the Shell Bank 

oyster shell recycling program to grow and make meaningful contributions to coastal habitat 

restoration in Texas.  Project sustainability has been critical to our success, as it has allowed us 

to expand our partner base, create lasting connections with the community for direct 

involvement in habitat restoration, increase our educational efforts, and provide science‐based 

information to improve future habitat restoration efforts in the Gulf of Mexico.  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 



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 
 



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: 



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 



  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: 



  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 

 

 

 



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. 



“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) 



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:  
 



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. 

 
 
 
    



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 



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   



“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.  

 



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  
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levels in the Texas Laguna Madre.  Tex. J. Sci.  20:  196-199. 
 
Fisk, H.N.  1959.  Padre Island and the Laguna Madre flats:  coastal south Texas.  Second 

Coast.  Geogr. Conf., LSU, Baton Rouge.  pp. 103-152. 
 
Herber, J.P.  1981.  Holocene sediments under Laguna Madre, Cameron County, Texas.  

M.A. Thesis, Univ. of Texas.  Austin, Texas.  664 pages. 
 
Long, D.T. and R. Gudramovics.  1983.  Major-element geochemistry of brines from the 

wind tidal flat area, Laguna Madre, Texas.  J. Sed. Pet.  53:  797-810. 
 
Miller, J.A.  1975.  Facies characteristics of Laguna Madre wind tidal flats.  Pages 64-74 

in R.S. Ginsburg (ed.)  Tidal deposits.  Springer-Verlag. 
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