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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

Ecosystem benefits provided by Oysters historic losses due to overharvest, disease,
and degraded water quality, making them
the most threatened marine habitat on

earth with over 85% lost.
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Figure 1. Ecosystem benefits provided by oysters. Oyster shells are often present in
Produced by EcoCheck. http://ian.umces.edu/ecocheck

been hindered by a shortage of oyster shell,
the preferred substrate for oyster

settlement and thus for reef restoration.

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

ready for use in oyster reef restoration.



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.



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



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 Ibs),
followed by Water Street Oyster Bar and Seafood Restaurant (approximately 108,650 Ibs).
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 Ibs 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 Ibs; Figure 55 for one event), followed by Austin Oyster Festival
(approximately 4,100 Ibs 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.).

Oyster Shells Reclaimed
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Figure 4. Number of oyster shells reclaimed (in pounds) since project inception.
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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.
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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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Geology/ Bay Formation/Barrier Island
Sea Level Change

History of Coastal Dwellers (past-present)
Water Quality/Fresh Water Inflow
Benthic Communities

Oyster Communities

Salt marsh

Mangrove

© O NV A ®WN e

. 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.

16



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

[EEN
o

. 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

17



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

21



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 km?) 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
guantified 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 (USS 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 m2) or motile fauna (h m) by the costs of creating
the reef (USS m3). The creation costs included material and transportation costs. It is estimated
that 0.5 m3 of substrate is required to produce 1 m? 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 m2) of A) all oysters B) spat (< 25 mm) and C) juveniles (2 25 mm).
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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 m2), 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 m2) 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 m3) and oyster shell (US$32.70 m3). Similar to our results for oyster

abundance, concrete (68.8 $) and limestone (46.6 $) 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 $) scored slightly higher than concrete

(70.6 $1); both substrates scored well above limestone (41.6 SUS?) and river rock (34.2 $2).
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Table 1. Substrate characteristics including price, mean abundances of oysters and motile fauna and associated
benefit-cost ratios.

Benefit (m2) Cost (USS m3) BCR (n USS?)
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):

e To introduce students to species area curve models
e 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)

e 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.

e One 8.5 X4.5 (or similar) bread pan. (aluminum pans are cheap*)

e One 16 0z. soda bottle cap (screw on type).

e 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.

Have students use soda cap to “dip” out a level sample of beans.

Place beans on table and organize into columns of like “species”

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: 6"-12t"



Float Your Boat
Academic Question:

How do buoyancy and weight placement relate to boat design?

Objective:

e To allow students do design and test various floating models

e Tointroduce students to the principles of buoyancy

e 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 Ibs. bag of pinto beans
1 %-2 Ibs. 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 % ounce plastic cups



Procedure:
First level:

Thoroughly mix together all beans in plastic container. Have each student collect
a full 1 % 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):

e To introduce students to the living substrate components of a tidal flat
e To allow students to model the substrate of the tidal flat
e 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)

e Small, clear plastic cocktail cups

e The following flavors of pudding cups: chocolate, butterscotch, vanilla

e The following flavors of “fruit roll-up”: strawberry (pink) and grape (dark
purple)

e Oreo cookies (crushed)

e Gummy worms and/or insects

e Plastic spoons

e 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:

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

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

e How might their model change if it were during a period of inundation?

e Why is the uppermost layer dark in color?

e Why are the lower layers dark in color?

Time Frame: 1-2 class periods
Grade Level: 61-12
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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:

e To allow students to design and test various fish trap models
e 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:

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

e Have students’ research currently available commercial traps.

e 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:
e To introduce students to the geographic relief of a tidal flat
e To effectively model a tidal flat in relation to coastal waters
e 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):
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Evaluation:

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

e Small to medium disposable plastic dinner plates

e Modeling clay

e Toothpicks

e Water
Have students press clay in to the bottom of the plate forming a flat, level
surface leaving approximately 1/8 to ¥ of the plate bare and free of clay.
The clay should represent the tidal flat and the open area adjacent to the
clay represents nearby coastal water.
After making sure that the tidal flat (clay) area is extremely flat, fill the
open area with water.
Fill the open area until the water is level with the top of the clay.
Have the students get down to eye level with their model and lightly blow
over the water area.
Water should pass onto the tidal flat area.
Have students blow the other direction over the tidal flat.
Most of the water should return to the pool.
Next, have the students make 5 to 6 tracks representing human travel (car,
motorcycle, four wheeler) in the clay using the toothpicks.
Repeat the wind simulation.

Have the students:

Time Frame:

Grade Level:

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?

1-2 class periods

6th_ 12th
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Exploring South Texas Barrier Islands: lesson module

Texas A&M University-Corpus Christi

Presenters: Jennifer Smith-Engle Ph.D (jsengle@falcon.tamucc.edu)
W. Jay Tarkington M.S. (jtark@falcon.tamucc.edu)

“Does Debris Deliver?”’

Academic Question:

What are the percentages and types of debris found along a Texas barrier island?

Objective:
¢ To collect various types of debris from an assigned area
e To catalogue types and amounts of debris
¢ To synthesize data and produce a graph
¢ To identify sources of marine debris
Background:

Texas beaches are under constant assault from various forms of marine debris.
The prevailing currents and winds allow debris from all over the Gulf of Mexico
and beyond to collect along the over 300 miles of guif shoreline. The debris
varies from very large to very small and is made up of everything from cigarette
butts to large oil drums. Although some of the debris floats ashore from far away
locales, much of the debris is deposited by the many visitors to the beach. These
various forms of debris have a harmful effect on marine wildlife due to ingestion
and/or entanglement. Marine turtles, and various birds seem to suffer the most.
The debris also affects the areas local economy. People do not wish to vacation at
beaches covered with marine debris and many times pass by various beaches in
search of more pristine locations. Beach debris removal is a very costly and time-
consuming process that never seems to end.

Process (Activities):

This activity is best done by groups of up to five but could be modified for one
large group if necessary.

Materials:
Meter stick
Heavy string or light rope cut to five meters.
Several trash bags or other suitable collection devices.




One pizza box
Markers, glue, pen/pencil, paper, calculator

Procedure:

After giving the students appropriate background, have the groups select a
location along the “debris line” at the shore. This can be done by teacher
assignment or by random sample. Once on location the group will tie one
end of their five meter line around the meter stick. This will act as the
center of your circle sample area. Place the meter stick (or have someone
hold it) in the sand and trace the outline of a circle formed by the five-
meter line. Dragging a stick or other suitable device while walking the
circumference of the circle can mark the created sample area. Once the
location is determined and marked have the students collect all debris
located within the circle. Once all debris is collected, have the students
catalogue the debris by grouping like debris together into one of several
categories including: (categories may vary in certain location and certain
times of year)

solid plastics, light plastics (bags etc.), plastic bottles,

miscellaneous plastics, paper, styrofoam, fishing equipment, glass,

aluminum, efc.
Have the students count the number of total debris items and then
formulate a percentage of each category. After calculating the percentages

‘have the students produce a “pie chart” graph inside their pizza box.

Make sure that the graph is labeled appropriately and that a representative
piece of debris is glued to the appropriate “slice”. Upon completion, have
the students present their findings to the other groups for comparison and
discussion.

Evaluation/Extension:

How does their chart compare with others?

How might their chart change at different times of the year?

Do they think this is an accurate description of the types and amounts of debris?
Have the students describe the possible origins of the types of debris.

Time frame:

This activity can be done on location in a few hours, or the procedure and
collection could be done on location and then completed in the classroom at a
later time.

Grade level:

Elementary to high school (categories may need to be modified)




“Don’t Spill the Beans”
Academic Question: How do we effectively sample an area?
Objective(s):

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

e 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.

e 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.

Have students use soda cap to “dip” out a level sample of beans.

Place beans on table and organize into columns of like “species”

With a stick it, label this group of columns “sample one” and place [abel 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.

S




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: 612"




CRITTER CLIPPERS
Academic Question: How do we identify wetland creatures’ adaptations?

Objective(s):
¢ To learn the characteristics and ecology of common wetland animals

o To learn to recognize basic characteristics in identification of common wetland
animals

Process (Activities):

This activity is a fun, informative, “out of the seat” lesson. It will allow students to
sharpen their questioning and answering skills while learning about organisms and their
adaptations. The activity will work with any level and with any number of students
providing there are enough cards. (Several cards are attached, more can be easily added).

1. With a paperclip or clothespin, clip one Critter Clippers play card to the back of
each student, with the picture showing. (Cards in attachment)

2. Have the students walk around and ask others questions about their critter.

Each student may only ask one question at a time, and each question must pertain

to a characteristic of an organism until the animal is guessed.

The answers given must be in yes or no form.

Once the “critter” is guessed Do Not Allow Students To Remove Critter.

Have students write down or discuss a few facts about the animal on their back

(place detail on adaptations).

7. After everyone has completed this step, allow students to Jook at the organism and
read the back of the card.

8. Have students add to their discussion/list several new facts about the organism.

e

Sk

This activity can be conducted at many different levels, Depending on the level of the
students, determine how detailed the answers must be,

Extension(s): This activity can be used with pictures of local wetland species. Students
can use other resources (library/internet) to get information on the organisms.

Product/Application: This activity can be used at the beginning, middle and wrap-up of
a wetland module in the classroom. It teaches students how to look for certain
characteristics in identification of animals, from general to specific. It also brings in
information on the ecology and life history of wetland animals.

Assessment/Evaluation: Have students develop their own version of “critter clippers”
for the class. Have the student create a wetland animal checklist of those found at the

tield site. Or create a dichotomous key, using the characteristics of the animals used in
the activity, moving from the general to specific.




Time frame: 1-2 class periods
Grade level: 6-12




Exploring South Texas Barrier Isiands: lesson module

Texas A&M University-Corpus Christi

Presenters: Jennifer Smith-Engle Ph.D (jsengle @ falcon.tamucc.edu)
W. Jay Tarkington M.S. (jtark @falcon.tamucc.edu)

“Debris Diary”’

Academic Question:
Where does marine debris originate?
Objective:
Discuss in a literary form, the various origins of marine debris.

Background:

Texas beaches are under constant assault from various forms of marine
debris. The prevailing currents and winds allow debris from all over the Gulf of
Mexico and beyond to collect along the over 300 miles of gulf shoreline. The
debris varies from very large to very small and is made up of everything from
cigarette butts to large oil drums. Although some of the debris floats ashore from
far away locales, much of the debris is deposited by the many visitors to the
beach. These various forms of debris have a harmful effect on marine wildlife
due to ingestion and/or entanglement. Marine turtles, and various birds seem to
suffer the most. The debris also affects the areas local economy. People do not
wish to vacation at beaches covered with marine debris and many times pass by
various beaches in search of more pristine locations. Beach debris removal is a
very costly and time-consuming process that never seems to end.

Process (Activities):

This activity is an individual writing assignment that will allow the student to
demonstrate knowledge on the topic in a creative format.

Materials:
Various pieces of marine debris
Paper and pen

Procedure:
Have the students select a piece of marine debris from a box or bag of
assorted pieces. After selection have the students study their piece of




debris and lead them in a discussion of its possible origin. Explain to the
students that the debris was deposited along the beach and that it may have
been floating around the Gulf of Mexico for several months to years.

The students will write a fictitious diary for their particular piece of debris
that will contain at least five entries.

First entry:
The first entry will be the day the debris (object) was created at the
factory. Include where the object was produced and what its
original purpose is.

Second entry:
Describe how the debris (object) is deposited in to the water,
Include where and what activity caused it to enter the water.

Third entry:
Give a “day in the life” floating in the Gulf of Mexico. This entry
may include the weather (storms), animals encountered, other
pieces of debris it congregates with, etc,

Fourth entry:
Describe how and where the debris washed ashore. Include the
weather conditions, waves, sand ecf.

Fifth entry:
Describe your current location and reflect upon the journey,

Evaluation/Extension:

This assignment can be evaluated as per district procedures.

The students could be required to research the topic on line to better understand
the origins of debris.

Have the students research how long their piece of debris will exist before
breaking down.

Timeframe:
Most creative writing assignments require more time than a single class period
and may be carried over several days to allow the students to formulate unique

ideas on their topic.

Grade level:
Elementary to high school




Exploring South Texas Barrier Islands: lesson module

Texas A&M University-Corpus Christi

Presenters: Jennifer Smith-Engle Ph.D (jsengle @ falcon.tamucc.edu)
W. Jay Tarkington M.S. (itark @falcon.tamucc.edu)

“Don’t Just Float There- Get On the RAFT”

Academic Question:

What effect does marine debris have on the beach environment?
Objective:

e To look at marine debris from different points of view
¢ To describe the interaction between marine debris and its surroundings
e To explore different writing styles

Background:

Texas beaches are under constant assault from various forms of marine
debris. The prevailing currents and winds allow debris from all over the Guif of
Mexico and beyond to collect along the over 300 miles of gulf shoreline. The
debris varies from very large to very small and is made up of everything from
cigarette butts to large oil drums. Although some of the debris floats ashore from
far away locales, much of the debris is deposited by the many visitors to the
beach. These various forms of debris have a harmful effect on marine wildlife
due to ingestion and/or entanglement. Marine turtles, and various birds seem to
suffer the most. The debris also affects the areas local economy. People do not
wish to vacation at beaches covered with marine debris and many times pass by
various beaches in search of more pristine locations. Beach debris removal is a
very costly and time-consuming process that never seems to end.

Process (activities):

Materials:
Writing paper and pen

This is a creative writing assignment that allows the students to put themselves in

the place of the debris in order to better understand the origins and the

relationship of marine debris to the environment. This process uses a procedure

known as RAFT. The RAFT stands for Role, Audience, Form, Topic. The

students will form a fictitious communication using this format taking on the roles
~of various objects in the marine environtment.




Role

Audience Form Topic

plastic bottle

sea shell

glass
elc,

sea turtle e-mail “beware of eating me.”

cigarette butt friendly letter “pardon me, but you are
making me look bad”

local surfer  memo “sorry”

Using the above topics, have the students choose one selection and compose the
appropriate communication type. Although a light hearted exercise, this format is
very effective in allowing the students to see the effects of various debris on the

environment.

Evaluation/Extension:

Have the students read their “letters” and allow for discussion.
Have the students add additional roles

Time frame:

One or two class periods.

Grade level:

Elementary to high school




Coastal Bend Eco-Historic Tour

The Center for Coastal Studies at Texas A&M-Corpus Christi is proud to offer our
Coastal Bend Eco-Historic tours free of charge. Travel around the Coastal Bend
learning about how the ecology and history of the area are combined. Trips are led by
Capt. W. Jay Tarkington, a professional wetland biologist and coastal historian at Texas
A&M. A typical trip involves stops at various locations around Portland, Rockport,
Lamar, Port Aransas, and of course Corpus Christi. Many who have taken the trip claim
they have lived in the Coastal Bend their entire life and have not noticed many things
discussed on the trip. All aspects of ecology are discussed specializing in birds, and plant
ecology. Participants will leave around 9:00 a.m. aboard a spacious 20-passenger bus,
and return around 4:00 p.m. (Drop-off and pick-up can be arranged) A “brown-bag”
lunch is preferred to allow a “picknick” at one of the scenic stops. Drinks and cooler will
be provided. Spend an exciting day with us that will certainly bring the coast to life.....

Please contact:

Capt. W. Jay Tarkington
Aquatic Education Director
Center for Coastal Studies
Texas A&M —Corpus Christi
361-825-3221 wk
361-443-6701 cell

jtark @falcon.tamucc.edu




“In the Gutter”
Academic question: How do wetlands affect water flow?
Objective(s):

¢ Demonstrate how wetlands slow down water velocity
e Demonstrate how wetlands absorb water and act as storm buifers
¢ Demonstrate how wetlands are necessary to buffer the affects of run-off

Process (activities):

One of the many functions of wetlands is their ability to retain water and absorb excess
amounts during storm events. By holding this water, wetlands allow chemical and
biological processes to occur resulting in better water quality. Throughout the U.S.,
communities are dealing with extensive growth causing increased flooding due to the use
of concrete. In this activity, students will design a wetland using various materials. A
‘piece of plastic gutter will be used to hold their design. Pouring water into the gutter can
then test the water absorption of the individual designs.

1. Materials:
¢ Two foot section of plastic gutter (available at hardware store)
Modeling clay
Tooth picks
Several small sponges
Small sections of “Astroturf” (out door carpet)
Various containers for water
e 2X4 block of wood

e 9 & & 0

2. Begin by handing out the sections of gutter

3. Have students place one end on a ~2 inch block and the other end over a sink or
end of table.

4. Pour 1 liter of water into high end of gutter.

5. Water should run easily into sink (if not over sink, collect water in bucket).

6. Next, allow students to use the various materials (clay, toothpicks, etc.) to

construct a “water retaining” wetland in their gutter.
7. Repeat the water pouring procedure
8. Calculate and record how much water is retained/absorbed.

Assessment/Evaluation: Have students discuss their design and describe what worked
best and what did not work. Have them relate the materials used in the experiment to
“real” wetland plants and soils. Begin a discussion on channelization of storm water and
the effectiveness of naturalized vs. concrete ditches.

Conclusion/ extension: Have students observe local ditches and make predictions on
which ditches are more efficient at retaining or moving water, Observe a large local
construction project and make predictions on water flow. Trace water flow from around




school grounds. For an extension to this experiment, add a small amount of “black
pepper”’ at the beginning of the students” wetland before adding the water. See how
effective the wetland is at removing contaminants.

Time frame: 1-2 class periods
Grade level: 6-12




ROLLING DOWN THE RIVER: AN OBSTACLE COURSE

Academic Question: How does freshwater travel to the Guif of Mexico?

Objectives:
o To learn how freshwater travels through our waterways to the Gulf of Mexico
e Introduce students to concepts of sedimentation and bed load

Process (Activities): There is a handout for each student to read before entering the
obstacle course, briefly explaining the route water travels (attached). There are nine
stations to this obstacle course. Each station represents the next progression of water
flow, beginning with a groundwater spring and continuing until the water reaches the
Gulf of Mexico. Each student represents water flowing through each of these stations,
picking up sediment and depositing sediment at different locations along the water way.
Signs at each station instruct the student to the activity of that station.

* This activity is a great interactive demonstration of water flow and sedimentation. It
works best in an open area. There is a site description map included in these instructions.

Materials:

One large truck innertube
Six eight foot landscape timbers.
16 two foot 2X4’s

Bag of small rocks
Several buckets

Bag of sea shells

Six hulla-hoops

Rope

Sawhorse

Water mister

e & @ & & & & 0 b

Site setf up:
Refer to map.

Instructions:

Station 1: A large truck innertube works well as a “spring” for students to pass
through

Station 2: We have found that three 8 ft. landscape timbers work well. Stabilize
them by nailing 2-foot sections of 2x4 to the bottom at the two ends. Place 2 or 3
end to end in a zig-zag pattern, to represent a stream. Provide a small pan or




bucket of small stones off to one side at the end of the “stream”. Students will run
along the timbers, and pick up 3 stones before moving to the next station.

Station 3: Use a long length of rope to create a lake. At the opposite end of the
lake from the stream, provide an empty bucket to place stones in. Students should
come off the “stream” and into the “lake”, ¢ircling inside the lake two times, each
time depositing one stone into the bucket. Students should have one stone left
when they leave the lake.

Station 4: Students are now going over a dam. We use a large plastic trashcan
with the bottom cut out or a saw horse ...use whatever works for you. Provide an
empty bucket to place the one remaining stone.

Station 5: Students are now out of the dam and in the rapids of another stream.
We use 5 plastic hula-hoops placed close together in a zig-zag manner.
Students jump from one hula-hoop to another. In each hoop, there is a small
bucket of stones. Students pick up one stone from each hoop as they jump
through.

Station 6: This is similar to Station 2, Provide 2 or 3 more landscape timbers
stabilized with 2x4’s. Provide a bucket with stones at the end. Students walk on
the timbers and pick up one stone at the end.

Station 7: Students are now entering from a freshwater area into a salt water area.
Use another long rope to create a river delta and bay system. At the river delta
area, provide an empty bucket to deposit stones. At the other end of the bay,
provide a bucket of seashells. To represent the influence of tides, students circle
around the bay, each time they pass the seashells, they pick up one. Each time the
student runs by the empty bucket at the river delta, they deposit a stone. Do this
until all of the stones are deposited. They should have all seashells at this point.

Station 8: Use another long rope to create the Gulf of Mexico beach. Provide an
empty bucket at the far beach side. Students cross the Gulf of Mexico and place
one seashell in the bucket and return to the bay. Students will continue crossing
the Gulf of Mexico and depositing seashells until all of the shells are deposited.
This represents the currents in the Gulf washing seashells onto the beaches.

Station 9: This is the last step of the water cycle, when water turns to vapor. As
students leave the Gulf, use a mister to spray them, representing the water vapor
and rain, releasing them to the atmosphere.

Product/Application: Have students discuss the route water takes in their own area,
where their local water comes from and where it goes. The obstacle course can be
modified to fit local conditions and waterways.




Assessment/Evaluation: Use maps of area waterways to check the construction of your
own obstacle course. Have the students come up with ideas on what other items could be
used to represent water control structures and streams or lakes. Have students describe
the effect water velocity has on bed load and sedimentation. Have students’ research and
discuss positive and negative effects of damming Texas rivers.

Time frame; Set up: one hour
Activity: 1 class peried

Grade level: 6-12







Test Your Urban Watershed IQ...!

1. A watershed is generally defined as:
a) abuilding that stores water
b) all the land area that drains to a given point in a water body
¢) all the water area that drains to a given point in a landform
d) a moment in time when you cross into a new area
e) anew way of organizing environmental agencies

2. On average, how much land is converted to urban land use in the U.S. each
year?
a) 500,00 acres
b) over one million areas
¢) no net loss
d) 9.4 acres
e) 49,000 Walmart equivalents

3. Which of ithe following comprises the greatest percentage of impervious
cover in suburban areas?
a) Rooftops
b) Lawns
¢) Roads, parking lots and driveways
d) Vacant lots

4. Which of the following poliutants are frequently found in most samples of
urban stormwater runoff (more than one)?
a) Dilithium
b) laetrile
c¢) total phosphorus
d) vanadium
e) copper
f) prozac
g) zinc
h) fecal coliform bacteria

5. Recent watershed research has discovered that urban stream quality begins
to decline sharply once impervious cover in a watershed exceeds:
a) 45%
b) 10%
c) 75%
d) 125%
e) 3.1414%




&

The residual zoning category that produces the amount of impervious cover
at which stream quality begins to decline is:

a) ten acre lots

b) one acre lots

¢} Yaacre lot

d) townhouses

e) apartment buildings

7. What fraction of the total water supply on the planet is available for use by
humans?
a) 0.1 percent
b) all of it
c) 25 percent
d) 48 percent

8. How many gallons fall on a one acre yard during a one-inch rainfall?
a) 27,200 gallons
b) none, the rain falls only on the plains in Spain
¢) 4 gallons and one pint
d) enough to flood my driveway
e) 45,000 gallons

9. How much more storm water runoff is produced by a one acre parking lot
compared with a one acre meadow?
a) 6%
b) 78%
¢) no difference
d) 100%
e) 1600%

10. According to the US EPA, what percent of river pollution is caused by urban
storm water runoff in the nation?
a) virtually none, industrial pollution is the major problem
b) virtually none, trees cause pollution
c) 21%
dy 99%
e) 11%

11. A single quart of motor oil dumped down a storm sewer creates an oil slick of
what size?
a) No slick, it sinks to the bottom
b) 160 square feet
c) 2 acres
d) twice the size of the Exxon Valdez




12. What percentage of the urban population of the U.S. relies on groundwater
for its drinking water?
a) 4.8%
b) 22%
c) 30%
d) 90%

13. What percentage of Americans relies on septic systems to dispose of their
wastewater?
a) none
b) 16%
c) 21%
d) 25%
e) 37%

14. What percentage of Americans using a septic system does not know where
they are located?
a) 0%
b) 12%
c) 2%
d) 67%

15. On average, how many pounds of nitrogen are discharged to ground water
from a properly operating septic system each year?
a) 10 pounds per person using the system
b) nitrogen is fully treated by the septic system
¢) 32 pounds
d) the equivalent of a herd of cows

16. Which of the following statements about urban lawns is false?
a) Some common pesticides are routinely detected in urban streams
b) Few people take soil test before applying fertilizers to their lawn
¢) Atmospheric deposition supplies at least a third of the nutrients needed for
alawn
d) Lawns produce no runoff

17. How many pounds of active pesticide ingredients are applied to lawns in our
country each year?
a) 18 million
b) .2 million
c) none
d) 54 million
e) 70 million




18. How many pounds of grass trimmings does the average suburban lawn
generate each year?
a) 1500 pounds
b) none
¢) 6 pounds, eight ounces
d) 2,100 tons

19. How many fecal coliform bacteria does an average sized dog’s dropping
produce?
a) 49
b) 1200
¢} 3 billion
d) what a disgusiing question
e) trick question, dogs produce fecal streptococci bacteria

20. According to EPA, water pollution promotes closings or swimming advisories
at how many beaches around the country in 19962
a) three in New Jersey, one in Florida
b) 1000
c) 2500
d) none
e) 216
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“The Attempted Journey to Mexico”
Academic Question: How is a tidal flat best described?
Objective(s):

¢ To educate students on tidal flats
¢ To introduce students to the history of the Laguna Madre
¢ To allow students to creatively describe tidal flats

Background:

The background of the central flats area has been rather colorful, and many
sidenotes in history have been made here. Early information is scarce because of
isolation of the area and limited use of the waterway and shoreline. All information in
the following section, unless otherwise cited, comes from an unpublished article by W.
A. Price from 1949. The shallow nature of the coastal lagoons of south Texas and the
bars at the tidal inlets caused settlers to depend less on waterways in Texas than settlers
along the Atlantic coasts. The general treeless nature of the coast and semi-arid climate
of south Texas were repellants to the colonial settlers, who had not learned the value of
prairie land and were not adapted to life on it (Webb, 1931). The area was colonized
only around the entrances to the Laguna Madre at Corpus Christi, Brazos Santiago, and
the Rio Grande. Large herds of horses and cattle fed on the local vegetation (Fulbright et.
al., 1990). Ranching headquarters were located 15 to 20 miles inland because travel was
conducted on land, and the lagoon was not passable as a waterway. The first maps of the
I.aguna Madre and the central flats were made to accompany the early land grants of
Spain and Mexico. Although Pineda had made previous maps of Texas in 1520, no
exploration of the Laguna had been made. In 1788, M. A. Anglino made a map from the
Rio Grande to the Mississippi. This map showed structures, trails, and Indian sites;
however, it depicted the coastline as a straight line between the two rivers. The most
significant map of the era was a sketch of the San Juan de Carricitos Land Grant from
Spain in 1790. In this map, Redfish Bay to the north of the central flats, is shown as an
enclosed body of water called “Badillas de aqua Salades” or “little fire shovels of salty
water”. In 1846, Lt. J.E. Blake of the Topographical Corps of the U. S. Army, in
response to the war with Mexico, scouted the beaches and lagoons as practical routes
down the coast to Mexico. His expedition used boats and “flats” (barges) to venture
down the Laguna Madre. Although his map has not been found, he did repoit to the U.S.
Senate that numerous shoals and bars were encountered and it was doubtful whether
shallow boats could navigate it. Colonel E. A. Hitchcock, chief of intelligence for Gen.
Zachery Taylor, recorded a “disgust at the lack of knowledge of information on the area
south of Corpus Christi” and Gen. Philip Sheridan is reported as saying,” If I possessed
both Texas and Hell, I'd rent out Texas and live in Hell” (Lehmann, 1984).

In 1875, R. E. Halter of the U.S. Coast Survey hired two local fishermen to help
navigate the central flats. One of the men hired was Andrew Anderson from Corpus
Christi. The Anderson family of shipowners and boatmen regularly transported salt,




rock, and hides from the Kenedy ranch and skinning plants from Baffin Bay through the
Laguna Madre from 1870 to 1880 and fished the arca to Murdock’s Landing. In his
report Halter describes tying up their boats and traveling across the flats in smaller boats
to an enclosed body of water some 2.5 fect deep. They followed it approximately ten
miles to its southern end but would go no further for fear of a northern. This is the first
know attempt to cross and map the central mud flats. Later attempts were not as
successful. At one time in May of 1876, Halter found 2 feet less of water under southerly
winds than he did under the northerly breeze; Where there had been nine inches of water
in the central part in December, in May, it was dry. Halter also did the first tidal study in
the flats area around Mesquite Rincon by using grass lines to determine high and low
tides. He found the height difference between high and low tide to be very little;
however, with this slight increase the water would cover an area 2.5 to 5.5 miles at high
tide.

In 1904, Will Anderson, brother of Andrew Anderson, made the first known
actual boat trip across the central flats on a storm tide. With the discovery of oil, Humble
Oil and Refining mapped the central flats in two-foot contours from 1948-1949 by using
both land-based, and aerial methods. At about the same time, a canal which is part of the
Intercoastal Waterway, was dug through the middle of the mud flats and is now referred
to as the Land Cut.

Process (Activities):

1. This lab is an individual creative writing assignment.

2. Using the provided material, describe the brief history of the central tidal flats of
South Texas.

3. Have the students write a fictional journal entry for R. E. Halter of the U.S. Coast
Survey describing one of the days inn 1875 where he and two local fishermen
attempted to cross the tidal flats in the Laguna Madre. Have the students
describe what he (Halter) sees, how they are traveling, and problems they may
have encountered along this unsuccessful journey to Mexico.

4. Encourage the students to be creative,

Evaluation:
Evaluate the students writing according to district protocols.
Time frame: 1-2 class periods
Grade Level: 6"-12"
Literature Cited:
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The Coastal Bend Eco-Historic Tour:

Narration and script by: W. Jay Tarkington

Note:

This tour contains both ecological and historical information. The roles of history
are very intertwined with the ecology of the area. In learning about the coastal
bend area, it is necessary to discuss both.

Leaving Texas A&M Corpus Christi:

L.

TAMUCC is truly an island university. It is built on Ward Island. This island at
one time had a freshwater pond and served various roles as a military post. Some
of the old barracks are still in use today. Other parts of the island were utilized
for training and as a munitions dump. After the military de-commissioning of the
island, a long history of education began. The college on the island was first
referred to as the Baptist School. Soon after the narne changed to Corpus Christi
A&I. Later this was changed to Corpus Christi State University, and finally in
1993, the school became part of the A&M system and is presently referred to as
Texas A&M Corpus Christi.

As we pass over a small bridge, to the left is the “Blind Oso”. This is a local
example of a wind tidal flat. With different wind directions, water is either
pushed into or out of the Blind Oso. “Wind tides” play an important role in the
Coastal Bend. (Oso Bay will be discussed more upon returning to the university.)
Continuing north on Ocean Dr. we will pass many of the premiere homes of
Corpus Christi. You will also undoubtedly notice many varieties of palm trees
and other “tropical” vegetation. Most of the palm trees observed are not native to
the area and have been imported for their “tropical” look.

The city of Corpus maintains several small parks along the Bay. These parks are
popular recreation areas for residents and visitors in Corpus Christi. The
afternoon breeze (sea breeze) caused by the heating and cooling of the shore side
land makes the area a hot spot for wind surfing and the new sport of kite surfing.
It is not uncommon to see twenty or more windsurfers or kite sufers off of
Oleander Park racing with the wind across the bay.

All along this drive (Ocean Dr.) we are traveling along the top of the “natural”
bluff, The steep, cliff-like bluffs are a characteristic of most Texas bays and are
caused by years of wind and wave competition with the land. Several old *cuts or
sloughs” through the bluff have been filled in and now support neighborhoods and
apartment complexes. To compensate for the loss of these “cuts,” storm water
drains have been incorporated to disperse surface water. These many drain
culverts are found in association with the many parks discussed earlier. After
significant rainfall events, non-point source pollution floods into the bay. The
city and others are presently working on solutions to this nationwide problem.
Immediately past Morgan street the road goes down a steep decline. We have
now passed off of the natural “bluff” and are “fill” with the natural bluff
continuing to the west. This area began to get filled in during the early 1900s.
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Much of the dirt was trucked in from surrounding areas. Much of the locally
abundant oyster shell was used for fill also,

The sea wall, completed in the thirties, was built to protect Corpus from “kilier”
storms. It, along with the surrounding breakwater, provides habitat for various
“critters,” animal and human alike.

Corpus Christi is a sailors” “Mecca”. Racing occurs year round every Wednesday
night starting inside the harbor.

Continuing north the breakwater becomes discontinuous. This allows for greater
circulation and also provides critical habitat for bird rookeries,

We will turn left at the new Nueces County Courthouse completed in 2000. Less
than two blocks away we will see the “old” county courthouse. Its once beautiful
exterior is now falling apart; however, upon close observation, some of its
architectural “gems” are stil! visible. The old courthouse’s future is uncertain.
There has been talk of refurbishing the once grand building to house a museum or
other such venue. No matter what the outcome, the highly corrosive environment
of the Coastal Bend has taken its toll on the old building.

Harbor bridge: I am unsure of the construction date: however, it did replace an
old swing bridge. There are some great old photographs of the bridge and North
Beach displayed throughout the Corpus Christi Airport. A walk over the bridge in
the evening is a great (and cheap) attraction, and if you are lucky enough to time
your walk with the arrival or departure of a ship, you will be in for a unique treat.
Under the bridge on either side hosts a handful of attractions including the Texas
State Aquarium, C.C. Museum, water garden, U.S.S. Lexington, and playhouse,
as well as the convention center.

North Beach (sometimes called Corpus Christi Beach) is, you guessed it, north of
the bridge. This area has been the resort location of Corpus Christi for decades.
In its heyday in the 20s and 30s the bay provided a backdrop as giant hotels,
boardwalks and ferris wheels competed for tourist dollars. Unfortunately, the
natural beach is constantly eroding away and an aggressive beach nourishment
program involving trucked in sand keeps tourists and merchants happy.

Leaving North Beach we cross over Nueces Bay. Nueces Bay is a shallow,
secondary bay with several oyster beds covering the bay bottom. Many of these
oyster beds were used for food, and then fill material in the past. This bay system
is driven by the inputs of the Nueces River that enters into the western portion of
Nueces Bay. Damming and channelization changed the natural flow of the river
and its meanderings into the bay; however, efforts are being made to enhance and
revitalize the original Nueces River Delta with great success,

You will probably notice some old wooden and concrete structures off of the east
side of the causeway. These are the remnants of the original one-lane causeway
that traveled to North Beach and on to Corpus. The original passageway, as well
as the new causeway, are built upon an old oyster reef. Travel across the original
oyster reef passage provided for a much wetter trip than today.

On the other side of the causeway is Indian Point. Take time to stop and look
around the area. Several boardwalks and a pier allow you to observe the area
closer and observe the numerous birds that inhabit the shallow tidal pools.
Getting bait by seining or castnetting is not allowed in these pools. Therefore, the
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bird and animal life are not as spooked by observers. Because of its close relation
to Nueces Bay, oyster shell makes up most of the shoreline with beachcombers
occastonally finding whelks, moon snails, and various other molluscan prizes to
add to their collections.

Continuing north, we pass Sunset Lake to the east. This is an artificial lake
created by dredging the area for filling the current roadbed we travel upon.
Despite its poor circulation and limited openings to the bay, Sunset Lake hosts a
large, diverse number of species. The city of Portland allows individuals to
recreate among nature along a trail extending between the lake and the bay.

After passing through the city of Portland, North Shore Country Club appears on
the right, fronting the bay. This is “supposedly” a challenging course. (I don’t
play golf. A good day golfing should be a better day fishing.) While trying to
avoid the water during a tournament, Jack Nicholas’s ball struck and settled on a
jellyfish causing him (o lose a stroke,

In the distance to the south, several large industries line the Corpus Christi Ship
Channel towards the town of Ingleside. With their close proximity to water,
Oxychem, Dupont, and Alcoa/Reynolds Aluminum all call this area home. The
large “red” mounds in the area are the Jamaican soil “leftovers” minus bauxite
extracted for aluminum production. In the past, the “red dirt” has been used for
road building; however, it is currently being explored for use as a biological filter
for waste from the towns of Portland and Ingleside.

Continuing on, we pass through an area utilized extensively for agriculture. The
“black earth” is good for growing sorghum and cotton,

Where the area has not been cultivated, the native shrub-scrub prairie is evident.
This type of vegetation is made up of mesquite, huesache, cacti, gulf bunch grass,
yucca plants, and various other types of grasses.

As we skirt around the town of Aransas Pass, watch for several small coastal
pothole wetlands. These unique areas were formed by small depressions in the
soil where after years and years of decomposition thin layers of clay formed to
hold water. These areas provide habitat for many diverse plant and animal
species.

Stay alert for various species of raptors along this stretch of road.

Note the change in vegetation. Now the scrub-shrub prairie is dominated by
coastal live oaks. The live oaks inhabit an area referred to as the Ingleside
terrace. This “terrace,” with its powder white sediment, extends noxth from Flour
Bluff to Aransas County and was once the original gulf shoreline (see Brittan and
Mortan). Mentally strip away the oak trees, and one can easily see the ancient
sand dunes.

Rockport: (Alison Lakin Texas Maritime Museum)

After traveling through downtown Rockport detour along Water Street for
excellent views of Aransas Bay and St. Jose Island.

Bass Ranch: St. Jose Island is privately owned by Perry Bass and is a working
cattle ranch. There is a large ranch house and facilities on the island. Here, at the
sight of the old Heldenfel’s Ship Yard is the ranch mainland headquarters. It is
quite a sight to see several head of cattle loaded onto a ferry and then traveling
across Aransas Bay. Once a year the vegetation on the island is burned to
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rejuvenate new growth for foraging cattle. Ilove telling winter Texans the smoke
is because of the volcano at the southern end of the island.......

Heading south on Highway 35, we parallel the Gulf Intercoastal Waterway. This
is an interconnected channel that runs continuously from Brownsville in deep
south Texas, around Florida, and on up the east coast. In 1905, Clarence Holland,
of Victoria, conceived the idea and the intercoastal waterway changed the face of
the coast ecologically and economically in both positive and negative ways.
Across from the Bahia Bay subdivision, is the remnants of an old alligator farm.

It has been out of business for decades but many of the former reptilian residents
added a new consumer to the food chains of the local coastal potholes. (As a boy
growing up in the Palm Harbor subdivision, ! remember, after big storms,
alligators in the canals behind the houses and people trying to catch them with
chicken legs tied onto rope).

The Degussa Plant, originally owned by United Carbon began production in 1936.
Utilizing the vast natural gas resources in the area for fuel, the plant produced
carbon black. The black soot covered everything in the area and was visible miles
away. Although the plant adheres to strict environmental regulations, remnants of
the black scars caused by an earlier time still remain throughout the area today.
Entering the town of Aransas Pass, detour and drive past Conn Brown Harbor.
This harbor once crowded with shrimp boats, is home to the mighty Gulf King
shrimping fleet. With declining shrimp harvests, off shore shrimpers are forced to
travel farther into the Gulf, down to the bay of Campeche and beyond in their
search for the pink crustaceans. On the castern side of the harbor a fishing pier
and a memorial to lost fishermen are worth visiting.

One of the best examples of a Texas mangrove wetland occurs immediately to the
right of the causeway bridge. This unique form of wetland supports a number of
yellow crowned night herons that spend the day in its darker recesses. Mangroves
can also be seen the rest of the trip along the causeway to Port Aransas. The
causeway was originally a continuous railroad trestle between Aransas Pass and
Port Aransas (a la Florida Keys). Cars would be loaded on to flatbed rail cars and
transported to the island to drive along the beach.

Morris and Cummings Cut: This is the original channel that led to Corpus
Christi. With ever changing winds, waves, and currents, the winding and
meandering pathway still changes shape occasionally today; however, it remains
relatively deep overall. The modern Corpus Christi Ship Channel has taken over
as the preferred “safe” way of transport to the port.

Casino Boat: (no comment)

Port Aransas Ferry Landing: Operated by the Department of Transportation, the
ferries provide one of only two ways off of the island. Dolphins p10v1de tourists
with free shows daily from the comfort of their own cars.

Port Aransas History: Originally known asTarpon and Ropesville, the town of
Port Aransas was a cattle ranch owned and run by the Mercer family. With
increasing growth throughout Texas, boat traffic through the pass increased; and
with the increased traffic, the need for bar pilots became necessary. The ever
shifting Aransas bar required constant attention and observation. The Harbor
Island lighthouse, built in 1855, assisted ships in finding the pass until the
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continuing movement of the Aransas pass drifted far to the south. The lighthouse
has survived several hurricanes, the Civil War, and the harsh salt environment. It
is presently owned by the H.E, Butt family and has undergone extensive historical
remodeling.

Jetties: The jetties around Texas seaport openings provide a manmade base for
complex food webs. With the exception of oyster and worm reefs, the granite
rocks of the jetties provide the only hard substrate along the coast. The goal of
these long rock obstructions is to prevent the channel from moving. Prior to the
building of the jetties, the channel would move up and down between San Jose
and Mustang Islands. Between the years of 1862 and 1912, the channel shifted to
the south about one mile. The first jetty, built in 1885, consisted of weighted
brush and was only marginally successful. Following jetties consisted of rock and
concrete, and incorporated a complex rail and barge system extending across
Redfish Bay for its construction. Granite rock from Marble Falls was loaded onto
railcars and transported to the site where it was then unloaded. Some of the old
railway trestles are still visible today. Take time to explore around the jetties.
Among the many organisms found here, sea turtles are not uncommon. Watch
out for the many fishermen and their sharp, entangling equipment.

Driving south down Mustang Island you will notice several hotels and condos.
Wilson’s Cut is a channel that provides anglers access to the area around
Shamrock Island. This island is one of the only “natural” islands in this bay
system and, due to chanellization, erosion has negatively affected the island.
Efforts are currently underway to replenish the island. Local legend tells of an
old hermit who lived on Shamrock Island (1905-1917) who had worked on the
construction of the Panama Canal. He imported tropical plants to the island and
refused to leave the island even during severe hurricanes. The legend continues to
explain that he was a descendent of Russian nobility, and that his family in Russia
supplied him with money. Rumors abound about buried treasure on Shamrock
Island. (To date nothing has been found.)

Fish Pass: The State decided to dredge a pass south of Port Aransas in 1971 to
increase circulation and fish exchange into Corpus Christi Bay. Although
constructed with granite boulders, the pass soon silted in. Presently, walking
along the sandy beach between the two granite structures reminds us that Mother
Nature possesses the ultimate dredge.

Noticing the large dunes that front the Gulf to the south, observe several more
freshwater coastal pothole marshes that appear on the inland side of the dunes.
Packery Channel, 1852 pass, Corpus Christi pass: These three passes make up the
end of Mustang Island and the beginning of Padre Island. Currently, the two
islands are connected and walking between them is possible. These broad, flat
areas “overflow” from time to time, usually during storm events (hence, the local
name “storm passes”). During hurricane Brett eight separate passes opened up
along Padre Island. '

Packery Channel: To dredge or not to dredge, that is the question.....Currently,
there is a local political push to dredge Packery Channel to allow passage to the
Gulf. Biologists and real estate agents are heavily involved on both sides of the
issue.




42. JFK Causeway: On the north end of Padre Island we travel back toward Corpus
Christi along the JFK Causeway. The large bridge traverses the Intercoastal
Waterway continuous to Brownsville, To the south is the Laguna Madre. The
I.aguna is a unique ecosystem that has very little freshwater input. Thus, itis a
hyper-saline ecosystem. The complexities and inner workings of the Laguna
Madre environment are beyond the scope of this brief narration. In shoit, people
come from all over the world to study the unique geology and ecology of the
Laguna Madre.

43, Passing through the town of Flour Bluff, the Naval Air Station (NAS) and Corpus
Christi Army Depot (CCAD) are visible to the east. (Acronyms abound in C.C.)

44, We are now returning to the backside of Oso Bay, and turning on to Ennis Joslin
Rd. we pass Hans Suter Park and the Oso Wastewater Plant. The wastewater
from the plant is used as a source to enhance the Oso. The park is an excellent
area to observe wildlife with many species of birds visible year round.

This completes our Coastal Bend Ecology Tour. We hope to have impressed upon you
the great diversity found within the small fifty-mile radivs surrounding Corpus Christi.




“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
e 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)
e Small, clear plastic cocktail cups
e The following flavors of pudding cups: chocolate, butterscotch, vanilla
o 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.

e @

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.

e '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: 60-12"

Literature Cited:
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“The Plastic Plate Tidal Flat”

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

Objectives:
o To introduce students to the geographic relief of a tidal flat
e To effectively model a tidal flat in relation to coastal waters
e 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 aiso 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 arcas 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). Tnundation 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 fiats, central mud flats, salt flats, salt pans, or the south Texas
coastal sabkah,




Process (Activities):

7.
8. Have the students get down to eye level with their model and lightly blow

9.

1. This lab works best with groups of 2 to 4 or can be done as demonstration.
2.
3. Materials needed:

The students will be forming and evaluating a model of a tidal flat

¢ Small to medium disposable plastic dinner plates

e Modeling clay

¢ Toothpicks

e Water
Have students press clay in to the bottom of the plate forming a flat, level
surface leaving approximately 1/8 to % of the plate bare and free of clay.
The clay should represent the tidal flat and the open area adjacent to the
clay represents nearby coastal water.
After making sure that the tidal flat (clay) area is extremely flat, {ill the
open area with water.
Fill the open area until the water is level with the top of the clay.

over the water area.
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: 6"-12"
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WATER WE DOING HERE

Academic Question: How many ways can we save water today?

Objective(s):
¢ To discuss how water is used every day
¢ To brainstorm how water can be saved every day

Supplies:
e Thin kitchen sponges cut into approximately 2 x 3 in. squares, one for each
student

e A medium sized plastic bowl with a lid, large enough for all of the sponges to fit
into easily with water

Process (Activities): To calibrate how much water is needed in the bowl, fill the empty
bowl approximately %2 to 3/4™ full, and mark the water line with a water-based pen.
Carefully add sponges, squeezing them so that the water is absorbed. If there is not
enough water, add more in measured amounts (by the cup), until all of the sponges are
full. It is ok if there is water left over in the bowl. When finished, pour out all of the
sponges. Fill the bowl o the water line plus the additional water measured earlier. Mark
the water line with a permanent marker, This is the water line to be used for this activity
in the future. Squeeze out the sponges and allow to dry. The sponges can now be stored
in the bowl.

To perform this activity in the classroom, start out discussing the amount of freshwater
available to us on earth. Although the surface of the earth is approximately 72% water,
only 2% of that is freshwater. And of that 2%, only a fraction of that is available to us for
use. Fill the bowl to the waterline, explaining that this represents all of the water we have
for daily use.

Give each student a sponge. Walk around the room with the bowl, asking each student to
place the sponge in the water and tell how he/she used water today. If you have a large
classroom, you might extend use period to “this week” or “this weekend”. There should
be no two answers alike, Discuss how by each of us using water, all of the available
resources have been “absorbed”.

Now walk around and have each student take out one sponge and tell how he/she has (or
could have) saved water. Each student squeezes out all the water in the sponge into the
“bowl with each answer. There should be no identical answers.

With all of the sponges out of the bowl, the water should be a little murky and lower than
the original water line. Discuss how even when we are careful to conserve water and
clean the water we use, the water is not completely clean and we still did not return all of
the water back to its original levels.




Product/Application: Discuss with the students on where freshwater comes from in
their local area. Brainstorm ideas on what they could do to save water in the future.

Assessment/Evaluation: Have the students create a diagram (or the teacher can create a
quiz) matching up wasteful water usage problems and their solutions.




CORER

Materials:

1 10.15 x 76.14 cm (4.0 x 30.0 in.) schedule 30 PVC pipe (sewer pipe)
| 2.54 x 40.61 cm (1.0 x 16.0 in) PVC pipe

1 1.27 x 10.15 cm (0.5 x 4.0 in.) PVC pipe

1 sewer pipe cap

2 2.54 cm (1.0 in.) PVC pipe caps

1 9.51 mm x 11.42 cm (3/8 x 4.5 in.) bolt with washer and nut

PVC cleaner

Epoxy PVC glue

Marine Goop, or a comparable silicone waterproof sealant (need caulking gun)
Drill

3.17 ¢cm (1.25 in.) hole saw drill bit without guide bit

9.51 mm (3/8 in.) drill bit -

7.11 mm (1/4 in.) drill bit

Wrench set

Rubber mallot

Small saw (hand or electric)

Method:

Taking the sewer pipe, use the drill and the hole saw bit and bore two holes on
opposite sides of each other. These holes are 8.88 cm (3.5 in.) down from the top of the
pipe. The center of the hole saw bit should be at the 8.88 cm mark. Remember that the
pipe is 10.15 ¢m in diameter. See Diagram 1. Pushing forcefully, and using the rubber
mallot, insert the 2.54 ¢m (1.0 in.) PVC pipe through these holes. The sewer pipe is very
flexible, but be careful because it will break. This will be the handles for the corer. Now
with the 3/8 in. drill bit, bore a hole through the sewer pipe, going through the handles.
This hole is on the opposite sides of the handles and 3.5 in. down from the top of the
sewer pipe. Insert the 3/8 in. bolt into the hole. See diagram 2. Do not put the washer and
bolt on yet. This will be a dry run to ensure a proper fit. See Diagram 3. Because sewer
pipe is flexible, the pipe may take on an oblong shape. Using the rubber mallot, lightly
hammer near the handles until the pipe regains a round shape. Check for roundness at
several intervals, especially before application of the cap.

Carefully measure the intervals where the bolt is exposed on the inside of the
sewer pipe. See Diagram 4. Cut the 0.5 in. PVC pipe to these lengths to be used as
spacers. These spacers will not only help keep the corer’s shape, but also prevent the bolt
from rusting. Be careful not to make them too long, or the sewer pipe will take on an
oblong shape (a little short is better). Take out the bolt, and run it back though with the
spacers in place. See Diagram 5. Now put the washer and nut onto the bolt and tighten.
Take the marine goop and spread around the inside seams of the corer. Use your fingers
to spread around. Be sure to line all areas around the inside seams of the handles, the bolt
and the spacers. This will not only help to prevent corrosion, but help ensure a good
vacuum during use.




Before fitting the caps, read all directions on the PVC cleaner and glue. Use the
PVC cleaner to clean all surfaces that the caps will fit onto. Spread the glue onto the
surface, and place on the caps, Use extra glue around the outside seams of the caps, the
handles and the bolts. Again, this helps to keep water out of the inside areas. For the
vacuum hole on the top of the corer, measure where is a comfortable place for the hole.
Place both hands on the handles and raise one thumb onto the top cap in a comfortable
position. This is the most likely spot for the vacuum hole. Using the (.25 in. drill bit,
bore a hole in the top cap where your thumb would be. See Diagram 6.

To ensure that an equal sample is taken each time, measure up from the bottom of
the corer 10.0 cm and mark. The inner diameter of the corer is 10.0 cm. Using a sharp
object, mark a shallow line at 10.0 cm around the corer. See Diagram 7. This will help
you feel for the line when it reaches the top of the substrate when coring. In this manner,
you will get a 10.0 x 10.0 cm core each time.
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EDGE PROFILE RIG

Materials:

2 5.08 x 182.87 cm (2.0 in. x 6.0 ft.) wooden dowel rod
2 5.08 x 5.08 x 15.23 ¢cm (2.0 x 2.0 x 6.0 in.) treated board
1 9.5 mm x 11.42cm (3/8 x 4.5 in.) bolt

1 9.5 mm (3/8 in.) fender washer

Wood epoxy

Yellow mason string

Small line level

Plumb bob or large, triangular {ish weight

Red permanent marker

Black permanent marker

Drill

9.5 mm (3/8 in.) drill bit

3.17 ecm (1.25 in.) pan bit

6.3 mm (1/4 in.) drill bit

Ratchet set

Methods:

Find the center of each board by drawing lines to opposite corners. The “x” in the
middle is the center of the board. See Diagram 1. Do this for both sides of each board.
Using the pan bit with the point on the center mark, bore out an area approx. 1.26 cm (0.5 in.)
deep. See Diagram 2. As before, do this for each board on both sides. Place a dowel in one
bored out circle of each board. Using the regular drill bit, drill through the center of the
underneath side of the circle, going through the dowel. See Diagram 3. Remove the dowel.
Follwing the instructions on the epoxy tube, place a liberal amount of epoxy in the circle that
is going to house the dowel. Insert the bolt and washer into the circle and hole on the
underneath side. Replace the dowel, so that the bolt goes into the dowel. Using the ratchet,
tighten the bolt until it no longer moves. Be careful that the dowel does not tighten down
crooked. If so, one can step on the base and push the dowel until it straightens. Do not use
until epoxy has set.

On one dowel, measure up from the bottom of the base 0.5 m and mark this with a
line. Using a small drill bit, drill a hole completely though the dowel at the 0.5 m mark. This
hole should be on the 6.0 inch side of the base and in the center of the dowel. See Diagram
4, Thread one end of the yellow mason string through the hole, pull around front and tie a
secure knot. With the remainder of the string, measure 10.0 m in 0.10 m increments. We use
black to designate each decimeter, red to indicate half meters. At ten meters, leave another
10-15 cm and cut the string. This end is tied in a loop around the other pole. The knot
should be secure, but the loop should be able to move easily up and down the pole. See
Diagram 5.

To create the plumb bob line, take the large fish weight, and tie one end of the mason
string securely to it. From the tip of the weight, measure 2.0 m in 0.10 m increments in the




same manner as before. See Diagram 6. The small line level should be one that will hook
onto the stretched line between poles.
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QUADRAT

Materials:

4 1.90 x 49.1 cm (3/4 x 19.35 in.) PVC pipe
4 1.90 cm (3/4 in) PVC 45° elbows

Orange weed eater cord

Drill

3.2 mm (1/8 in.) drill bit

Methods:

Insert the PVC pipes into the elbows to form a square. See Diagram 1. Pound each
pipe into the elbow securely until the inner length/width of the square is 50.0 cm. Find the
center of each side of the quadrat by measuring 25.0 cm on the inside of the square. Drill a
small hole with a 3.2 mm (1/8 in.) drill bit through each center, See Diagram 2. String the
weed eater cord through the holes and tie a small knot to secure the line. Pull forcefully on
the opposite end, putting pressure on the PVC pipe, and tie a small knot as close to the pipe
as possible. See Diagram 3. Test to be sure the string is tight. Repeat procedure for the
other end of the quadrat. The finished quadrat should be now divided into four equal
sections. See Diagram 4.
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SIEVE

Materials:

4 2.54 x 10,15 x 30.46 cm (1.0 x 4.0 x 12.0 in.) treated board

4 2.54 x 2.54 x 30.46 cm (1.0 x 1.0 x 12.0 in.) treated board

1 30.46 x 30.46 cm (12.0 x 12,0 in.) 1.27 cm (0.5 in.) mesh galvanized wire screen
1 30.46 x 30.46 cm (12.0 x 12.0 in.) aluminum window screen

Wire snips

Hammer

screwdriver and/or drill

1 in. wood screws

Methods:

With 2 screw at each joint, attach together the four 2.54 x 10.15 x 30.46 cm boards
together to form a box. See Diagram 1. **Be sure when using screws to drill pilot holes first!
This will prevent wood from splitting. ** Place the window screen on an open end of the box,
then the galvanized wire screen as shown in Diagram 2. You may want to cut the screen and
mesh a bit large. This will ensure that the screens will be attached in place. Use a utility knife to
trim excess after the sieve is completed. As before, place the four 2.54 x 2.54 x 30.46 cm boards
over the screens. Attach tightly each board to the box with three screws per board. Again, drill
pilot holes first. See Diagram 3.
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What is a benthic community?

The Benthic Community is made up of organisms that live in and on the bottom of the
ocean floor. These organisms are known as benthos. Benthos include worms, clams,
crabs, lobsters, sponges, and other tiny organisms that live in the bottom sediments.
Benthos are divided into two groups, the filter feeders and the deposit feeders. Filter
feeders such as clams and quahogs filter their food by siphoning particles out of the
water. Deposit feeders, such as snails and shrimp, ingest or sift through the sediment
and consume organic matter within it.

Before the age of deep-sea exploration scientists believed that there could be no life in
the absence of energy from the sun. Since sunlight only penetrates the first 30m in
coastal areas and 100m in the open ocean, they believed there was no life to be found
on the ocean floor. What they did not realize was that there is a steady production of
energy in the oceans in other forms than direct sunlight. One source of energy or food
is the bodies of organisms that have died in the upper sunlit layers of the sea. They
settle downward through the water column where they can be consumed. There is a
constant vertical downflow of food or energy from the upper layers of the water to the
benthic community.

Benthic animals are much more abundant in the shallower waters off the coast. In the
shallow water the dead food material is more abundant because there is a higher
population of organisms near the surface in this area. In these waters food also arrives
from river sediments. Once food has reached the sea floor, currents carry this food and
organisms filter it without having to use their own energy to go and get food. Another
way organisms use energy is by coming out at night and rising to feed on upper-level
organisms. Many large organisms are formed as they feed on microscopic food.

One of the most useful way to investigate this community is by dredging. In the
benthic community many of the organisms live underneath the surface of ocean floor.
Therefore water sampling, although useful, does not give an accurate picture of the
benthic population. With dredging, sediment is taken up with water and filtered so
that all animals in the community can be observed and accounted for.

Benthic communities can be observed by looking at the sediments at the seafloor.
With new technology we are able to drill through the ocean floor and bring up
sediment columns that can be observed. These columns can tell us a great deal about
the intake and output of different elements. This helps us understand how this
ecosystem works and stays in balance. These columns also tell us where in the
sediment bed organisms are found and how they effect the community. Sediment-
profile images, such as the ones below from the Narragansett Bay; help characterize
the benthos and their environment.




Why are benthos important to the biological community of estuaries?

Benthos play a critical role in the functioning of estuaries. Benthic species are a
diverse group that are a major link in the food chain. Filter feeders in the benthic
community pump large amount of water through their bodies. As they filter this water
for food, they remove sediments and organic matter, cleaning the water. Organic
matter that is not used within the water-column is deposited on the bottom of the
ocean floor. It is then remineralized by benthic organisms into nutrients which are
given back into the water column. This remineralization of organic matter is an
important source of nutrients to the ocean and is critical in maintaining the high
primary production rates of estuarics.

Benthos is one of three major ecological groups into which marine organisms are divided, the
other two being the nekton and the plankion. The benthos are organisims and comnmmities found
on or near the seabed. This includes those animals (zoobenthos) and plants (phytobenthos) livin g
on (epifauna) or in (infauna) marine subsirata as well as those that swin in close proximity to the
bottom without ever actually leaving it. Tn terms of size, this is generally divided into three

categories:

Meiobenthos, the organisms that pass through a 0.5 millimeter sieve;

Macrobenthos, those that are caught by grabs or dredges but retained on the 0.5 millimeter sieve,

Infauna, organisms that Jive in the sandy or muddy bottom sediments; and
Epifauna, organisms than live on, rather than in, the seabed.

Those in the latter category are usually larger.

Benthic life is subject to vertical zonation depending chiefly on filtered sunlight, moisture and
pressure. This has led to the division of benthonic animals into two systems and seven zones.

_ Proceeding from shallow to deep water, the first system is the phytal or littoral system,
composed of the supralittoral, mediolittoral, infralittoral and circalittoral zones. The second

system, the aphytal or deep system, is composed of the bathypelagic, abyssal and hadal zones.

Substrate types

The benthos has significant variation not only depending on ocean depth, but also upon the type

of seabed. Some of the chief types of sea floor substrates are:




Sandy soft substrate
Muddy soft substrate
Hard substrate

Secondary hard substrate
The grain size is strongly influential on the packing density of seabed soils, s0 that the amount of

interstitial space among sand or sediment grains affects the amount of dissolved oxygen avalable
to benthic fauna, and thus is determinative as to which species can adapt to a given seabed.
Another general rule is that most mud and sand bottom dwelling species are detritus feeders, the
detritus being chiefly composed of plant material that has been

partially decomposed by bacteria and fungi.
Depth zones

In general the organisms that live in the benthos of the epiphotic zone are those which may be

primary producers, since sunlight is available, even if in small amounts. The fauna of this upper

depth zone are adapted to low water pressures and generally warm temperatures, except in polar
seas, where even epiphotic seas can be cold. In the deeper zones there are very few primary
producers except forextremophiles such as certain bacteria who can metabolize sulfur based
chemicals as an energy source. ' '

Fauna of the mesopelagic and deeper zones must be able to withstand successively higher
pressure and colder temperatures with greater depths. In addition these fauna are adapted to a
dark realm, where they use smell, tactile mechanisms or sonar to locate prey and evade

predation.

Ecology of sandy substrate

Nematodes represent a phylum of widespread and plentiful fauna cccurring in sandy seafloors. They occupy
interstitial spaces of sandy marine bottoins. Such fauna typically present as elongated and radially symmetrical with
tapered ends. This threadlike, diminutive stature allows nematodes to navigate through the interstices by whiplike

undulatory action.

Larger fauna found at the bottom of sandy seas include echinodermata such as the invertebrate sea cucumbers and
the detritus eating sand doflars, Polychaete worms are significant annelids in sandy substrates. They have numerois
setae (chitinous bristles) that allow traction along the sandy bottom; some polychaetes are found in relatively

shallow seas, while others dwell in deep cold water trenches. Many sponge species are also found on sea floors

composed of sand.

Ecology of muddy substrate

Mud seafloors compromise oxygen supplies, with metabolic wastes also being entrained in the

mud, leading to to anoxic conditions that can produce hydrogen sulfide, severely limiting faunal




survival. As in the case of sandy bottoms, microscopic organisms are found in the mud bottom.
Some buried bivalves occutring beneath the anoxic zone employ siphons to extract nutrients and

oxygen out of the water column above the mud.

Annelids are also found on mud bottoms; for example chaetopteridae filter feed using a mucous sac, Three piston-
like parapodia push water through a fube. At the sac rear, the mucus containing embedded food is continually rofled
into a pellet, and as this atlains a critical mass, the fans cease beating, with the pellet being moved forward to the

mouth via cilia action.

Ecology of hard substrate

Many of the fauna inhabiting hard substrates are characteristically near stationary. A comumon
form of predation is to stretch tentacles into the water current above. There is a wide array of

tenacle design and strength, manifesting the niche specialty of these predators and nature of the

prey sought.

Hard substrate offers prime habitat for certain stalkless free moving crinoidea, which are suspension feeders of
plankton, and therefore direct their oral aperture upward into the water column. The cirri of the aboral end suspend
freely whilst in locomotion, but attach to the hard bottom when resting. The elements of their five starpoint arms
serve not only as filtering organs but are also the Jocus from which juvenules depart from parents. The ciliated

grooves along the arms convergeat the center of the oral surface to which trapped plankton are driven.

Ecology of secondary hard substrate

Secondary hard substrate is formed by consolidation of some combination of biotic and mineral
debris, often consolidated into a hardened matrix by a variety of congealing mechanisms. Large
amounts of micro-organic debris may have gradually accumulated on the seabed, for example foraminifera, or
diatoms with silica wrapping, can combine with disintegration of earlier rocks and volcanic ejecta, riverine runoff
or glacial scrapings; Under certain circumstances, these sediments harden to create a congealed conglomerate,
simulating normal hard substrate.\

Annelid tube worms may also secrete leathery or calcareous tubes that the worms inhabit, while these species extend
feather-like tentacles to strain food. The tubes themselves are an alternate formn of secondary hard substrate that

provide a resting place for other very tny sedentary organisms.

Further reading
Seas of the World on Encyclopedia of Earth
Rhodes W. Fairbridge, editor. The Encyclopedia of Oceanography. Van Nostrand Reinhold Co.,

1966.




o I.8. Link, C.A. Griswold, E.T. Methratta, J. Gupnard, Editors. 2006, Documentation for the
Enerey Modeling and Analysis eXercise (EMAX). United States Department of Comimerce,
Northeast Fisheries Science Center. Reference Document 06-15 Chapter 8.
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What is a Wetland?

Simply stated, wetlands are a part of our landscape that is defined by the
presence of water. More specifically, wetlands are areas where the
presence of water determines or influences most, if not all, of an area's
biogeochemistry — that is, the biological, physical, and chemical
characteristics of a particular site.

Wetlands typically represent transitional zones between upland and
aquatic ecosystems, although not always. Some wetlands may be
scattered across the landscape in depressions that collect water or
zones where groundwater surfaces.

Different types of wetlands can be charactetized by how much water is
found and when it occurs on a site, and the chemical nature of the water,
soils, and/or underlying bedrock of the wetland ecosystem. Different
plant communities may be found in different types of wetlands, with each
member species adapted to the local hydrology, including the spatial and
temporal distribution of water and its underlying chemistry. Many animal,
fungal, and microbial species are completely dependent upon wetlands
for critical stages in their lifecycles, while still other species choose to
make use of wetlands for many of their life's activities.

Defining Wetlands

Although we can readily describe wetland characteristics and what they
do, in practice there has been a great deal of difficulty in defining
specifically what constitutes a wetland. A workable definition became
critical in classifying habitat for legal purposes, especially in regard to
determining what lands are protected by state and federal legislation.
The U.S. Fish and Wildlife Service defined wetlands as follows in
Classification of wetlands and deepwater habitats of the United States
(Cowardin et al., 1979):

Wetlands are lands transitional between terrestrial and aquatic
systems where the water table is usually at or near the surface, or
the land is covered by shallow water... Wetlands must have one or
more of the following three attributes: 1) at least periodically, the land
supports predominantly hydrophytes; 2) the substrate is
predominantly undrained hydric soil; and 3) the substrate is saturated




with water or covered by shallow water at some time during the
growing season of each year.

The U.S. Army Corps of Engineers, the federal agency responsible for
enforcing federal laws protecting wetlands, has more recently
determined that in order for an area to be considered a wetland, it must
have all three of the attributes referenced above, i.e., the area must be
predominantly characterized by wetland vegetation, soils, and hydrology.

Types of Wetlands

There are many different types of wetland, each determined by its
hydrology, water chemistry, soils, and the predominant plant species
found therein. Some wetlands are permanently flooded, while others are
only seasonally flooded, but retain saturated soils throughout the
unflooded periods. Still other wetlands may or may not ever be flooded,
but maintain saturated soil conditions long enough for hydric soil
characteristics to develop, i.e., chemical changes in the soil resulting
from the low oxygen conditions associated with prolonged saturation.
Wetlands may be characterized as dominated by trees, shrubs, or
herbaceous vegetation. They may be fed by precipitation, runoff, or
groundwater, with water chemistry ranging from very acidic to alkaline.

Marshes are wetlands that are permanently flooded or flooded during
high water periods at the edges of rivers, streams, lakes, or ponds.
Marshes may be dominated by submersed, floating-leaved, or emergent
vegetation, including cattails, pondweeds, water lilies, and various
sedges, rushes, spike rushes, grasses, and other forbs. Marshes can be




subcategorized into emergent marsh and hemi marsh.

L

« Emergent marsh is the marsh found around shorelines out to relatively shallow water, and is
generally characterized by up to 100% cover with emergent plant species. In the Midwest,
these may consist of various graminoids such as river bulrush and rice cut grass, and
characteristic forbs such as purple false foxglove, nodding bur marigold, pickerel-weed, and
duck potato. These marshes are ideal habitat for a wide range of animals, including
raccoons, Great Blue Herons, and a multitude of dragonfliies, butterflies, and other insects.
Emergent marshes also provide critical habitat for rare amphibians and reptiles, such as the
plains leopard frog and Blanding's turtle. in the marsh habitat around Hennepin and Hopper
lakes, one can observe breeding populations of rare bird species such as the Yellow-headed
Blackbird and the Least Bittern, both of which are state-threatened.

« Hemi marsh is found in deeper water, and is characterized by an open mix of emergent
and/or floating-leaved vegetation interspersed with a submersed plant community. The
submersed community may consist of species like sago pondweed, coontail, and wild celery,
while the emergent or floating-leaved group may include deeper water species like broad-
leaved cattail, American lotus, mosquito fern, white water lily, and common bur reed. The
combination of emergents and floating-feaved species with open water creates an ideal
combination of food and cover for many aquatic-dependent birds and amphibians. American
Bitterns and Great Egrets comb these areas in hunting, while Common Moorhens and Pied-
billed Grebes use them as areas to nest and rear their young. The rich vegetation also
provides exceptional habitat for fish and is a great production area for the zooplankton and
insects that are a critical part of the site's intricate food web.




Sedge meadows (or wet meadows) are wetlands with permanently or
near-permanently saturated soils. They may form a transitional zone
between marshes and other wetlands with less saturated soils, or occur
in wet depressions and swales, or around groundwater discharge zones.
The meadows are wet grasslands often dominated by sedges and
grasses with relatively few forbs. They may be low in species diversity
(with as few as a single dominant species), but relatively rich in some of
the rarer species adapted to saturated soil conditions. There are very
many sedge species, with characteristic dominants including the lake
sedge, tussock sedge, or brown fox sedge. At the Dixon Waterfowl
Refuge, various rare and conservative sedges may be found, such as
the brown bog sedge, fringed sedge, common yellow lake sedge, and
Bebb's oval sedge, along with fringed brome and oval-stem spike rush.
Birds frequenting this habitat include the King Rail, Sandhill Crane,
Northern Harrier, and Sedge Wren. Reptiles such as the northern water
snake and amphibians like the pickerel frog and cricket frog are also
common.

Wet prairie is an ecosystem found across much of the Dixon Waterfowl
Refuge at Hennepin & Hopper Lakes between sedge meadows and
mesic prairies. Wet prairies are herbaceous wetlands dominated by a
mixture of graminoids (grasses and sedges) and forbs, such as little
bluestem, northern dropseed, prairie indian plantain, marsh phlox, and
foxglove beardtongue. Wetland areas that are intermediate between wet
prairie and mesic (dry) prairie can be characterized as wet-mesic prairie,
the driest type of wetland in the Midwest. Animals that may be found in




wet prairies include Henslow's Sparrows, Short-eared Owls, eastemn
hog-nosed snakes, and coyotes.

i

Fens and seeps are wetlands that are fed by surfacing groundwater.
The type of vegetation found within these wetlands is dependent upon

the water chemistry and pH.
« Fens are typically alkaline from groundwater emerging from calcareous or dolomitic soils or

bedrock zones, and many of the species found there can only grow under those conditions.
Fens are dominated by herbaceous vegetation such as grass of Parnassus, bog lobelia, or
beaked spikerush, but may also include trees or shrubs, such as various shrubby cinquefoils

and/or willows.
Seeps are typically found along the base of slopes or glacial moraines where water emerges

from saturated soils or a spring. These usually small areas consist of plant such as

clearweed, jewelweed, low nutrush, and marsh marigold.
Bogs are basin wetlands for which precipitation is the only source of
water, i.e., they are typically not fed by surfacing groundwater or
streams. Bogs are generally dominated by sphagnum mosses, which
may form a floating mat over deeper water that supporis a rich
assortment of other species adapted to acidic water conditions.
Sphagnum mosses acidify the water down to pH levels as low as 3.0,
comparable to that of acid rain. Some of the unique plants adapted to
these acidic conditions include some of the carnivorous plants such as
the sundews and pitcher plants, as well as such economically important

species as blueberry and cranberry.

Sources:




Chicago Region Biodiversity Council. 1999. Chicago Wilderness
Biodiversity Fecovery Plan. Chicago Region Biodiversity Council,
Chicago, IL..

Cowardin, L.M., V. Carter, F. C. Golet, E.T. LaRoe. 1979. Classification
of wetlands and deepwater habitats of the United States. U.S. Dept. of
Interior, Fish and Wildlife Service, Washington D.C.

Mitsch, W. J., J.G. Gooselink. 2000. Wetlands. John Wiley and Sons,
Inc.
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. this chart as a guide as you interpret your water-guality fleld data. Remember that each aquafic system is
- _.ferent; this chart is only a guide, nok a hard and fast rule!

Water Test What It Measures | Natural Reading | Danger Reading Source " Remedies
Salinity amount of varies— —_ ofresh: reln and —_
dissolved higher in sireams
gy summer and egalf: ocean water
FOL j&‘ PS5 fall lowerin (evaporation
-, i -
% é},‘_zr S spring can alst;mcrease
Dissolved amount of 7-14ppm 35 =skess |owind scontrol nutrient
Oxygen oxygen in the (parts per 1-2=poor |>waves content, algae
water . million) O0=anoxic |crunningwater | growih
emore wind and
water move-
ment '
pH acid base of generally below 6.5; |~acid rain <poliution
the water 6.5-8.5 above 8.5 eindustrial conirols
{Bogs are pollution -
naturatly acidic, o chemnical spills
pH canbe as .
low as 42)
- Phosphates | amountofthese| 0.0-065ppm | any reading |csewage, industry|~removal by
and Nitrates | nutrientsinthe | 0.0-008ppm higherthan [cdetergents - water treat-
water . normal  jvferilizer, ment
) animal wastes | °restrictive or
banmned use
Temperature average varies generally =waste heat oeopling towers,
o amount of heat above ogolar heat etc. {decreased
in the water 27°C (81°F} T also increases
{>24°C for irout DO)
streams)
Tubidity | cleamessofthe | 80-120cm increased | osediment esediment
water (0-83TU, urbidity cexcessive conttols
Jackson Turbid- algae growth  {oreduced
ity Units) sboat waffic, nutrients io
stormns, etc. reduce algae
oboat speed
Hmits

-on will be monitoring water conditions for more than three days,

mpare water data to chart on p. 186.

WOW:: The Wonders Of Wetlauds

prvn copies of this sheet and change the day numbers.




Water Data

Day®: Day 2: Day 3:
Date Date Date

pH

Temperature (T) (in
w degrees Cor F)

Salinity (S) (in ppt;
or fresh, salty, or
brackish)

Is the water tidal or
nontidal?

T | ssithighorlow tide?

Dissolved Oxygen
(DO)

Turbidity

Rate of Flow (give
R | mits)

Nitrogen {(N)

Phosphorus (P}




Water Chemistry: The Place Where Marine Life Occurs
Marine Plants and Animals need food, shelter and oxygen to survive and reproduce.
Properties of Water
Why does ice float? Structure of Water = Function of Water -

Hydrogen Bonding in Water is partially responsible for: Water's high heat capacity
Water's high surface tension

Water Density = Mass/Volume

Direct relationship
Density of water solution increases as salinity increases.

Inverse relationship
Density of water decreases as temperature increases.

Hydrometers, calibrated floats, measure the relative densities of different liquids.
Freshwater is usuaily the standard for comparisons.

Substances of higher density will sink in substances of lower density.

Substances of lower density will float in a substance of higher density.

Salinity

Salinity (the concentration of dissolved salts in the water) is an important factor in
a habitat. Aquatic animals are adapted to living in certain salinity ranges.

Salinity is measured as a ratio of salts fo water, and is expressed in part per
thousand (ppt or “Yeo)-
How would you make the foliowing categories of salinity?
Fresh Water 0-0.5 ppt
Brackish Water 0.5-30 ppt
Salt Water (Seawater) >30 ppt

Salinity, like temperature, affects the amount of dissolved oxygen in water. At
high salinities, molecules of salts take up more room between water molecules
so there is less space for oxygen molecules.

1 milliliter (1 mL) of water weighs 1 gram (1g)so 1000 mL =1L = 1000 g

1 g salt + 1000 g (1 L) water = 1 ppt or 1 */oo

5 g salt + 1000 g (1 L) water = 5 ppt or 5 %,

Try this: Take 3 samples of salt water. Leave one at room temperature. Heat

one sample. Chill one sample. Measure and graph the salinities. What are the
conclusions? '




Dissolved Oxygen {DO) -an indicator of water quality

Facts:
Aquatic plants and animals need oxygen to survive and metabolize.
A low amount of oxygen in water is a sign that the habitat is stressed.

Oxygen from air is mixed into water with the help of rain, wind, waves, and currents.
Fast moving water has more DO than
still water because it has more contact with the air.

DO is affected by weather, temperature, and salinity.
Cold salty water holds more oxygen than warm salty water.

Water must contain at least 5 ppm to sustain life. <2 ppm = anoxic water
Dissolved Oxygen is measured chemically using Hach or LaMotte Test Kits.

pH

Factors affecting the natural pH level of water:
Vegetation types and density.
Underlying strata of rocks, sand, soil, and organic matter in the sediment.
Run-off affecting the quality of the water flowing through the area.

The pH range for natural systems under normai circumstances is typically between
6.0 and 8.0.
Use a pH scale and color change to measure the pH of a solution.

Temperature (°C)

Most creatures that live in water are cold-blooded, so their body temperatures,
metabolism, and growth rates are determined (and limited) by the surrounding
water temperature. Most can tolerate only a small range of temperatures.
Measure temperatures with a Celsius thermometer.

Turbidity

Cloudy water is said to be turbid. Itis caused when suspended sediments and other
minerals are stirred up in the water.

Rain, wind, waves, tides, animals, and various human activities ¢an stir up
suspended solids and increase turbidity.

Turbidity blocks the sunlight that is essential for photosynthesis in plants. Turbidity
affects fish, oysters, and gilled animals clogging gills with sediment and may cause
suffocation. Suspended particles absorb heat from sunlight. This warms the water
and decreases DO. '

Measure turbidity with a Secchi Disc.
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Name Clas§ Date
Chapter 9 The Earth's Fresh water Expand Your Skills

Water Budget

A budget is a record of income and outgo. In a water budget, precipitation such as rain or snow
is the income. Evaporation is the outgo.

For this activity, you will need graph paper and two different colored pencils. On the graph
paper, draw two axes. The vertical axis represents the precipitation. The horizontal axis represents
the months.

Using the information in the chart and a colored pencil, plot a line graph of the monthly
precipitation for city A. Using a different colored pencil, plot a line showing the evaporation on the
same axes. ‘

Now shade in the area where the precipitation is greater than the evaporation with one of the
colored pencils. Label this area “Excess.” Shade in the area where the evaporation is greater than
the precipitation with the colored pencil. Label this area “Shortage.” "

Using the chart, find the excess or shortage for each month. To do this, subtract the evaporation
from the precipitation. Record these results in the row labeled “Precipitation ~ Evaporation.” A
positive value indicates an excess, while a negative value is a shortage. Add the numbers across the
“Preciptation” and “Evaporation” rows and enter the yearly totals. To find the yearly excess or
shortage, subtract the total evaporation from the total precipitatfon. '

Monthly Precipitation and Evaporation (in mm) for City A

Jan.|Feb.|Mar.| Apr.| May [June|July |Aug.} Sept. |Oct. [Nov.|Dec.| Total

Precipitation 15120 {30 )| 60 |80 |110] 95 80] 70 | 65 ] 40 | 20

Evaporation 0| 0|15 |40 | 95.(13071585-|120] 75 | 45 5| 0

Precipitation —
Evaporation

1. Which month shows the greatest amount of precipitation?

2, Which month shows the greatest amount of evaporation?

3. a. Which months show an excess?

b. A shortage?

4. a. How does an excess occur?

b. A shortage?

5. How can you tell if there was an excess or a shortage at the end of the year>
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_ Profile of a Coastline | 51

The map used here shows the Gulf Coast in the vicinity of Galveston, Texas. It illustrates a
low lying coastline and shows the type of features to be expected on such a coast. The most
recent changes In sea 1&vel in this area are associated with glaciation. The region has been
gradually tilting downward toward the Guif of Mexico for the last 70 million years. The
numbers indicate the depth, in meters, of the Gulf of Mexico. :

Strategy

You will draw a ];iroﬁie from the shore of Galveston to the deepest water shown,
You will compare underwater features.

Setting Up
graph paper
pencils(colored)
ruler )

Getting Started

1. lay the top edge of the graph paper 2long line AA' on the map on page 124,

2. Place a dot across the top edge of the graph wherever line AA' intérsects one of the depth
numbers on the map. ‘ _

3. Drop a perpendicular line from each dot to the correct depth on the vertical scale. See the
example drawn for you in Figure 51-1.

4. Connect the points with a red line to diagram the profile of the shore zone,

5 With a blue line, connect all the 10-meter depths on the map. Estimate where the

. 10-meter depth would fall if no depth is given,

. 6. Connect all 20-meter depths in the same way using a different colored pencil.

-

Keeping Track : . - o
A i ) . e . . )

1—-Pta e e[lon]q A}fa’ ——1

Depth (M)
;M o NO

-
[ =

b
8]

FIGURE 51-1
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Summing Up

1. What does the profile of the shore zone look like?

2. From the 10-meter line, do you see any underwater ridges?

Explain.

3. Why are the seaward sides of Bolivar Peninsula and Galveston Island smooth
while the leeward sides are ragged?

4. What features do you find with the 20-meter line?

What is the origin of these features?

5. What does your profile tell you about the shore zone?




Summing U
9P The shore zone drops sharply

1. What does the profile of the shore zone look like? close to shore. A wide ridge
stretches from 22.5 km to 37.5 km offshore, and then the water depth

increases. A steeper ridge forms about 80 km offshore.

2. From the 10-meter line; do you see any underwater ridges?_No

Explain.Waves strike the shore in such a way that the near shore zone is

kept smooth.
3. Why are the seaward sides of Bolivar Peninsula and Galveston Island smooth while the

leeward sides are ragged? Waves carry sand from the seaward side and drop it

over the top of the r’idge onto the Teeward side.

4. What features do you find with the 20-meter line? Underwater ridges

What is_the origin of these featurespIhese ridges represent sand stirred up by
waves along the breaker zone. There are two types of ridges representing

different wave sizes.

5. What does your profile tell you about the shore zonc?thﬁ_mﬁlﬁ_ﬂm_wtm

break most often, and that this shore zone is dominated by wave action.
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SESSION 1: HANDOUT 1 (EVALUATE)

..........................................................................................................................................................................

The BSCS SE Instriictional Model

The BSCS 5E Instructiohal Madel provides a format for lessons that builds on what students already
know. The medel’s sequence for the learning experience enables leamers to construct their understand-
ing of a concept across time. Each phase of the learning sequence can be described using five words that
begin with F: engage, explore, explain, elaborate, and evaluate.

& _Learnin_g Phase - t_ude'ritsr Roles 7 b o Teachers Roles R
Students are introduced to the con- Teachers ask questions of students
cept. Students make connections to and engage them in guided inquiry les-
ptior knowtedge and to whatistobe  sons. They use strategies such as Kwi
studied. Student thinking is clarified. that make connhections between the
Students become mentally engaged in  past and present learning experience.
the new learning expetience. Teachers set a level of anticipation.

Students explore ar experiment at Teachers set up the investigation
this point. They engage in observa-  and guide students in inquiry and
tions, use science taols and materials ask probing questions to clarify
{manipuiatives), collect data, and understanding.

record data.

Explore

Students verbalize their understand-  Teachers ask probing questions that
@ ings from the Explore phase, look for  encourage students to look for pat-
patterns in their data, and describe terns or irregulatities in data.

what they observed. This can be done
in small and/or whole groups.

Students expand their learning, prac- _Teachers provide learning opportuni-
tice skills, and behavior, and make - ties for students to apply their knowl-
@ connections or applications to related  edge and to gain a deeper understand-
concepts and the warld around them.  ing. Activities can include reading
Elaborate articles and hooks, writing, designing
other experiments, and exploring
related topics on the Internet.

Students answer questions, pose Teachers diagnose student un-
questions, and iljustrate their knowl-  derstanding through an ongoing

edge {understandings} and skills pracess. Assessment can be both
{abilities). formative (ongoing and dynamic) and

summative (end-af-lesson final test -
or product).

Evaiuate

Saurce: BSCS developed The BSES SE struetional Model in the 19B0s, Since that time, BSCS has used this model in its curricolum development pragrams as well as its
professiotat devefopment programs, The BSCS 5E Instructional Model has been widely disseminated and widely used as an effectlve insinuctional mads! that allows the studsnts
te canstruct helr understanding across time. Adapted by SEDL with penmssm fram BSCS, hitp:/fwwerhses org.

Byhee, R. W., Taylor, J. A., Gurdner, A., Van Scolter, B, Carlson Powell. 1., Westhroak, A, & Landes, M. (2006). The BSCS 5E Insluictional Madel: Origins, effecliveness gad
applications. Retrieved from htp:favny bscs.ongbscs-Be-instuctionatmode] .

Connecting Kids fo Mathematics and Sefence Copyright 2012 SEDL
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Pevelopment of this curriculum was made possible by funding from the Texas General Land Office Coast-
al Management Program. The curriculum was developed and medified from "Project PORTS”, created by
Lisa Calvo at Rutgers University and available at hﬁp:Ifher.rutgers.edufr-ca[voIPOFITSiWeicome.himI.

PRIMER

DISCOVERING THE
COPANO/ARANSAS
BAY SYSTEM

The Copano/Aransas Estuary is the region where waters from the Mis-
sion and Aransas Rivers flow into the Copano Bay, and from there, to the
Aransas Bay and then the Gulf of Mexico. Estuaries are dynamic sys-
tems where tidal and river currents mix fresh river water with saity ocean
water. As a result the salt content, or salinity, of estuarine waters varies
from fresh to brackish to salt water. Copano Bay, fed by the Mission and
Aransas Rivers and Copano Creek, covers about 85 square miles. The
Copano Bay watershed drains an area of 1,388,781 square miles. it

' connects to Aransas Bay, which has an area of 70 square miles and is
in turn bordered on the east by San Jose Island, a 21-mile long barrier

island.

Estuaries serve as vital habitats and critical nursery grounds for many
species of plants and animals. The Copano/Aransas estuary Is home to
many species of finfish, shrimp, crabs, clams, and oysters. Nearby Aran-
sas National Wildlife Refuge lists 392 bird species (resident and migra-
tory) and 39 mammal species as having occurred on the refuge. Sixty
species of fish are listed on the refuge checklist as common, and the
checklist for amphibians and reptiles lists 63 species. The refuge cur-
rently lists about 850 plant species, and it is continually being adjusted
and expanded. The Texas coast is well known for the large populations
of migratory shorebirds and songbirds that utilize its shores as a stopover
before crossing the Guif of Mexico in the fall, and after the crossing in the
spring. Thousands of people come to Texas to view migrating warblers
and other birds every spring.

Estuaries are also important to humans as we rely on them for food,
drinking water, industry, and recreation. Nearby Corpus Christi Is the site
of the fifth largest pott in the nation and industrial activities including ma-
jor petrochemical refineries. The estuary Is also imporiant for its commer-
clal fishery production of oysters, crabs, shrimp, and finfish. in addition to
these species, important recreational fisheries include redfish (red drum},
spotted sea trout, southern flounder, black drum, and cthers.
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ACTIVITY

1.1

CHARTING THE COURSE

In this exercise students will learn about estuaries and watersheds and
become famifiar with the geography of the Copano/Aransas Bay region.
They will gain their sense of place within the area by locating and map-
ping the Fulion schoo! in relation to the geography of the Bay region. This
lesson has two parts. In Part 1 the aciivity takes s
scavenger hunt. In Part 2 students empioy computer skills to conduct &

mapping exercise using the Internet.

-..0..'."....

OBJECTIVES

Students will be able to:

1. Describe what an estuary is.

5 Locate the Copano/Aransas Estuary on
a map.

3. Recognize that many tributaries and
streams flow into the estuary.

4. Locate their “space” (school) and other
major geographical features in relation
to the estuary.

MATERIALS

. Copies of Copano/Aransas Estuary
watershed map, Texas, and county road
maps

- Transparency films

- Marking pens -

.+ Computers with internet-access

. Stick on stars or other symbols

PROCEDURE

Warm Up

Open a class discussion about what estuar-
les and watersheds are. Ask them what the
nearest bodies of water are to their school,
and if they lead to a creek, estuary, or bay.
Tell them they will take a Virtual Field Trip
from the Fulton Learning Center in Fulton,
Texas, which is near the Aransas Bay. Re-
view the basic features of a map.

AN ESTUARY NEARBY:
A SCAVENGER HUNT
MAPPING EXERCISE

.ll..-..I'....."I-l.lt..‘..'........‘.I....

" Grade Level

ecl Areas - I
co, Socia) Studies, Mathemalizs

Sefling =0 .
lassroom, computer laboratory
Mapping, Interpreting, compuiing
‘Vocabulary. i
Estuaiy, Sallnily, Watershed, Runofl
orelation will Texas Essentlal
edge and Skifls (TEKS)
AAD, 3.5A-D, 3.17 AB,D.E,
"4, 9A-C, 4,21C, 5.64,B,

hape as a mapping
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THE ACTIVITY

Part |

1. Divide class into groups of 3 to 4 students.

5 Hand out transparency films and original or copies of road maps
of the Rockport/Fuiton area {(map should Include Copanoc/Aransas
Bays). -

3. Ask students to locate the school on the map (or have a star on map
designating the location of the Fulton school).

4. If not marked, have students place a stick-on gtar on location.

5. Now students should trace on the transparency the outling of the
land/bay margin and state and mark the location of the schoal.

6. Using the Scavenger-Map Activity hand out, students should find,
trace on the transparency and label the following items as noted in
the student worksheet.

Part I

1. Have students log on to http:/!maps.google.com!. (For more ad-
vanced classes, have students work with Google Earth, which can
be downloaded for free)

o Search the map for their school (or use Fulton Learning Genter,
Fulion, TX)

3, Change the format to hybrid (this will combine sateliite image with
overlaid road drawings).

4. Have students point out rivers, creeks, and streams on the map.

5. Follow the most prominent waterway as far as it will go. (Students
will likely see creeks, moving toward rivers, ponds, and lakes; it using
maps of Rockpori/Fulton, many will ultimately lead to the Copano/
Aransas Estuary).

6. Based on the previous exercise, have them identify the water body.

WRAP UP

Have students discuss what they learned through this exercise. Ask: How
is it possible for actions at their school to impact the estuary?

EXTENSION

If the students live outside of the Copano/Aransas Bay area, find maps
for the students’ home area, and complete the scavenger hunt with ques-
tions related to their area.




Name: Date:

AN ESTUARY NEARBY:
A SCAVENGER HUNT
MAPPING EXERCISE
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1. Locate your school on the map provided.
2. Mark the location with a sticker.
3. Trace on the transparency the outline of the land/bay margin and state and mark

the location of the school.

4, Trace on the transparency and label the following items:
a. The Gulf of Mexico

b. North, south, east and west
( ¢. The ajor body of water located east of your school
d. Two rivers on the map
e. The river closest to your schooli that flows into the Copano Bay
f. A city located near the Aransas Bay.
g. The source of salt water that enters the Aransas Bay
h. The major source of fresh water that enters the Copano Bay (the largest river)

i. A place where you'd like to visit and explore.

5. How far is your school from the Bay?

6. Challenge question. What path of creeks and rivers would rain falling on your
school take follow to get to the Copano or Aransas Bay?
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ACGTIVITY GOING WITH THE
1 2 FLOW: CONSTRUCTING
¢ A WATERSHED MODEL

Adapted from *Watershed 3,0.8. (Saving Our Sources)":
http:/flearningtogive.orgfiessonsfunitd74/

Adapted from “Watershed S.0.8. (Saving Our Sources)™ hitp:/learning-
togive.org/lessonsfunit374/

CHARTING THE COURSE
In this exercise students will consiruct a model of a watershed, and dem-

onstrate how water flows in the watershed.

BACKGROUND
The Copano Bay recelves water draining directly from surrounding land

through groundwater and surface runoff, as well as from the Mission and Aransas Rivers and Copano Creek. The entire
area of land that drains into a particular water body is called a watershed. Watersheds are separated from one another by
elevations In the area such as siopes and hills. The Copano watershed encompasses about 1,388,731 acres.

llil...I...'.D""..l.l'.l.ﬂ.‘..l..ll.l.l...'.ﬁ.l..ICCIDIICO.IlIO.“OlOl’.ﬂ'l“l‘.ﬂ'lﬁi&ﬁﬂa

4. First, crumple the paper into a loose ball. Then partially open the

OBJECTIVES THE ACTIVITY
Students will be able to: 1. Have students work individually or in teams of two to four studenis.
1. Describe what a watershed is. 2. Distribute materials.
2. Describe the many ways that water 3. Instruct students to construct their own model of a watershed with
enters the bay. the main criteria being that water must flow from higher lands to
3. Construct a model watershed. lower lands and flow into a bay.
MATERIALS paper and place it on a table. The paper should still be crumpled
- Scrap paper enough to have portions that resemble hills and valleys. Be sure
+  Water-based markers (blue, black, there is a tray under the paper.
brown, red) 5. Using a blue marker, have students matk streams or rivers on their
«  Qptional: materials for landscape fea- papers, and also have them mark where they think the water will col-
tures (i.e. coffee or sand for dirt, small lect as it runs downhill {lake or bay).
pleces of felt or scrubbing pads for 6. Using a black marker, have students outline ridges that separate one
marshes) stream or river from ancther.
»  Pilastic tray 7. Using the brown marker, students should draw exposed soil that
- Spray water bottle could erode or wash away into the lake or bay as the water flows
through the watershed.
PROCEDURE . 8. Using the red marker, have students draw in some pollutants that
Warm Up _may be found In their watershed, such as soap from washing cars,
Open a class discussion about what estuar- fertilizers or pesticides from lawns, or animal wastes from a farm.
ies and watersheds by asking how does wa- 9. Have students spray (or you can go around to each model and
ter enter the bay? Define what a watershed spray) a very light mist of water over each model.
is and talk about how human activities can 10. Observe where the water runs down and collects. Record what hap-
affect the quality of the water in the bay. pens to each of the colors.
WRAP UP

nity?

HARTE

RO GULY 91 KEOe FIUmIES

Have students present their models to the class and discuss the impact
of the associated land use. Discuss these gquestions:

«  What does the spray represent?

«  Why does water flow down into the creases?

+  What is water cailed when it runs down the creases? (runoff)

«  What water bodies would the watershed represent in your commu-

«  What happened to the ink? How could this be a problem to plants
and animals in the water?
«  What can we do to protect the estuaries and bays?
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CHARTING THE COURSE

In this exercise students will become acguainted with the many plants and
animals of the Estuary as they search for information about the physical
appearance, adaptations, and life history of a particular species. Students
will prepare reports and share information with their classmates orally and
via a field guide, which the class consfructs.

BACKGROUND .
The Copano/Aransas Estuary provides important habitat to a variety of plants animals. Hundreds of species of fish, crusta-

ceans, and other invertebrates live in the Estuary, and the sea grass beds serve as refuge and nursery grounds for many
larval forms of aquatic life. The Texas Coastal Bend is noted for being a vital habitat for migratory shorebirds and songbirds,
and is adjacent to the Aransas National Wildlife Refuge, winter home of the endangered Whooping Crane.
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OBJECTIVES

Students will be able to:

1. Name important animals and plants of the Copano/Aransas Estuary.
2. Relate key life history characteristics of prominent estuarine species.

MATERIALS

+  Copano/Aransas Estuary selected plants and animals list

«  Student workshest

« Reference materials {books, internet, others information sources)
- Binders and materials for compilation of reports/Field Guide con-

struction

PROCEDURE

1. Have siudents select a plant or animal from the species list.

2. Have students conduct research/report on their species finding infor-
mation indicated on the student report worksheet.

3, Have students orally present their research.

4. Construct class “Field Guide of Copano/Aransas Estuary Plants and
Animals” by compiling student reports.

WRAP UP

Shared knowledge through oral presentations. Conduct a class discus-
sjon about which animals/plants students found most interesting. A class
book may be made with written reports.

<
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List of animals and planis
in the Copano/Aransas
Bay estuary:
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Finfish .
Redfish « Black drum ¢ Spotted sea trout »
Southern flounder « Hard-head catfish « Gafftop
catfish » Pinfish « Mullet » Pig perch
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Name: ' Date:

LIFE IN THE ESTUARY
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Common Name of ANIMAL or PLANT:

Scientific name of ANIMAL or PLANT:

Write in compiete sentences.
DESCRIPTION AND ADAPTATIONS:

LIFE HISTORY

1. Hahitai;

2, Life cycle:

3. Food:

{ustration: Draw and color your organism in its habiiat on the back of this page, or on
another sheet of plain paper.
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CHRTor | Reseaeoy purierin

g{;&%ﬁ HARTE




- acvry TAKING IT WITH A
| E 4 GRAIN OF SALT

Grade Level ...

CHARTING THE COURSE

In this exercise students will explore the concept of salinity, and how and
why it varies from rivers to estuaries to the Gulf of Mexico. Students will
compare and contrast properties of fresh and salt water, learn how salin-
ity is measured, and use a hydrometer to measure the salinity of varlous

water samples.

radient, Estuary,
ef-thousand (ppl) -0
] tial

\ 4,2, 4 40 4.5A,C, 5.1A, 5.20,D,
5.50,D, 5.0A,6:1A, 6.40, B,12E,
ESAD. BIADIA BINS

BACKGROUND

Perhaps the most distinguishing feature of an estuary is its ever-changing
salinity. Salinity, the dissolved salt content in the water is the single most important factor effecting the distribution of organ-
isms in the estuary. Unlike the ocean where salt content varies little over large areas the salt content of the estuary varies
greatly, changing from nearly full strength salt water at the mouth of the bay to fresh water at its uppermost point.

The salts present in seawater include sodium chloride, magnesium chloride, potassium chloride, calcium chloride, and a
number of minor constituents. One-guart of seawater contains about 1 ounce of salts. The salts in seawater originate from
land and are the result of the weathering and erosion of landforms by surface waters.

Salinity is typically expressed in units of parts per thousand (ppt), the salt content in 1000 parts of water. In the Copano/
Aransas Estuary salinity may approach 0 ppt near the mouth of the Aransas and Mission Rivers into Copanc Bay during
wet periods, but it may approach 30 ppt or higher during times of drought. Salinity gradually increases downstream to about
35 ppt at the entrance to the Guif of Mexico. The entire salinity gradient in the bay will shift under high flow conditions and
‘salinities will decrease bay wide. Likewise under conditions of low flow or drought, bay wide salinities will increase.

Estuaries with their widely variable salinities host both freshwater species in the upper reaches and saliwater species in the
lower reaches. Only those species able to tolerate a wide range of salinities, euryhaline species, are able to successfully
inhabit the portions of the estuary with widely fluctuating salinities.

........'QQ..'.I.l..“‘...C.I..‘.I'..I‘........l'.'.’.l...0.'.'...0...09.."i'o'.a.‘nﬁ'.ﬂo

OBJECTIVES

Students will be able to:

1. Define salinity.

2. Describe how salinity varies spatially
and temporally in the estuary.

3. Define parts per thousand.

4, Measure salinity of seawater with a
hydrometer.

MATERIALS

For each group of 4 to 5 students:

Water, two 250-ml. beakers, plastic tray, spoon, golf ball, hydrometer,
aerial map of the Texas coast (obtain from Coastal Bend Bays and Estu-
aries), blue, green, and yellow centimeter cubes {or other tiles), 1 set of
cards with salinity values written on them.

For class: Salt (Kosher salt will dissolve best), food coloring {biue and
red), two 1-liter beakers, small Petri dish, triple beam balance (or elec-
tronic balance), clear plastic box or aquarium, aluminum foll, duct tape,

water
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PROCEDURE: What Is salinity?

1. Demonstrate one property of salinity (density) by showing students two
1-liter beakers of water, one with blue food coloring and one with red col-
oring. Have the red sample saturated with sait. Ask students to identify
which is salt water and which is fresh without tasting the water. After tak-
ing several suggestions, pour water into smaller beakers and hand out 1
beaker of red and 1 of blue water to each group. Use a small plastic tray
to contain spills. Let groups vote on which beaker they think is salt water.
Lead discussion into concept of density, the amount of matter in a cer-
tain volume of liquid. Which water has higher density? (salt water) What
happens to an object when it Is put into water that has a higher or lower
density than the object? (The object will sink if it is denser than the water;
it will float if it is less dense than the water.) Let groups test if the golf ball
will sink or float in each type of water. They should carefully lower the ball
into the fresh water; it will sink. Using the spoon to take out the bali, they
can then put it in the salt water. it should float in the salt water. (Be sure to
test this ahead of time! The water must be very salty for the ball to float.)
Since the salt water has more matter in it, it is denser than the golf ball, and
therefore the ball floats in the salt water. However, the ball is denser than
fresh water, so it sinks.

water and stir.

4. Optional: |f you have access to coastal water, collect samples and have
students measure the salinity of each. Have students guess (hypothesize}
which water sample came from which area (river, bay, marsh, beach, etc.).

5. Collect materials and place a large map of the Texas coast on each
table. Have students find their town and identify various bodies of water.
Hand out yellow centimeter cubes (3 to a group) and ask students to place
them in areas they think would be salty. They should choose the Gulf of
Mexico, and there will be discussion about where to put the other 2 cubes.
Next, give each group 3 blue cubes, and have them place them where they
think the water is fresh. Most will find L.ake Corpus Christi, but they may
have difficulty finding other areas. Many will pick bays. They should find a
river, and perhaps a pond. Finally, ask what color is made by mixing blue
and yellow, and give them 3 green cubes. Ask them to place them on areas
(such as an estuary) where fresh and salt water mix. Discuss each group’s
choices, but do not tell them if they are right or wrong at this time.

Open a class discussion about the definition of an estuary. Discuss the
meaning of the word gradient, and the idea that salinity of water will in-
crease as water from rivers mixes with salt water, and there is a gradient

HARTE
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2. Introduce the term paris per thousand. Compare it to percent, which
is parts per hundred. Show the class a one-liter beaker, which is usually
marked “1000 mL”, Review the prefix “milli,” meaning one thousandth, and
the fact that there are 1000 mL in a liter. Explain that if you have 35 parts
per thousand (ppt) of salt, there would be 35 milliliters of salt in 1000 mil-
lititers of water. 35 mL is about the same as 35 grams, so you are going o
measure 35 grams of salt and put it in 1000 mL {(actually, it should be 965
mL) of water, to make 35 ppt, the average salinity of sea water. Lead the
students in measuring 35 grams of salt on the balance (remembering to
measure the mass of the empty Petri dish first). Add the salt to the liter of

3. Show the class a hydrometer and how to read it. Hand out one to each
group, and have them practice with fresh water (the reading will be 0).
Then give them a sample of the 35 ppt water, and test that. The readings
will probably not be 35, but should be close. You may want to discuss why
the reading is not 35—inaccuracies in the balance, the amount of water,
or the temperature of the water (since density changes with temperature).




of salinity from a river to an estuary to bays and the Guif of Mexico (at another time, you may introduce the concept of hy-
persalinity, but it might be confusing at this point). Explain that salinity in the bay can change depending on how much river
i fiow enters. In dry years, flow is low and salinity increases, while In wet years, flow is high and salinity decreases. Within
the year, salinity tends to be lowest in the spring as a result of rain. During the summer, rains decrease and evaporation

increases, leading to higher salinity.

Explain the importance of the salinity gradient in the distribution of organisms living in the bay. Estuaries with their variable
salinities host both freshwater species in the upper reaches and saltwater species in the lower reaches. Only those species
able to tolerate a wide range of salinities, euryhaline species, are able to successfully inhabit al portions of the estuary.

Hand out cards with salinities printed on them. Have students order them from low to high salinity, and match the cards with
potential locations on the map. If you have measured the salinity of local water samples, tell the students the locations you
sampled, and challenge them to identify which water sample came from which area.

Optional: In a small aguarium or clear plastic box, make a divider of aluminum foil in the center. Be sure the foil Is securely
taped so that no water can leak under it. Pour salt water on one side and fresh water on the other. Using a pin or paper
clip, make several holes in the foil, allowing the water to pass through. Fresh water will enter the salty side and float, while
salt water will enter the fresh side and sink. You might be able to put the golf ball in the water, and see if it will float at the

interface of salt and fresh water.

WRAP UP .
Students should discuss how salinity changes from location to location in the bay and how the distribution of animals

changes as a result. What other things might affect the distribution of animals in an area? How might changes in weather
affect the salinity and animal distribution in the bay.

I.‘.D-."II.C-..D'.'....‘.'..-'I.‘II.....IIQ'.'.U.OO..I.'..OI'I..Q‘.IHDOOU!QI.C..CB‘..'.0'

ACTIVITY 1.4
Satinity Cards (make one copy for each group)
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Name: Date:

TAKING IT WITH A
GRAIN OF SALT
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1. Draw a picture of your two beakers with a golf ball in each one. Tell what happened to
the golf ball, and why it floated or sank.

2. In your own words, what is salinity?

3. What Is density?

4, If water has a salinity of 35 parts per thousand, what does this mean?

5. What is an estuary?

6. Describe the salinity gradient from a river to an estuary and then to the gulf or ocean.

7. What types of environmental factors affect the water salinity in our bays and estuaries?
[ 8. How can animals in the estuary be affected by changes in salinity?




ACTITY

1.5

CHARTING THE COURSE

In this exercise siudents will construct and interpret graphs comparing
monthly salinity measurements for a 1-year period for three oyster bars
located along a salinity gradient, demonstrating how one environmental
variable changes seasonally. This activity follows the same concepts as
Activity 1.4 and can be conducted as an extension, or instead of Activity

1.4,

BACKGROUND

SEASONS OF CHANGE

‘Grate Level

Su _éct'ﬁr'eé;;:"": B R S S
torice, Scclal Studies, Mathemalles
Non =T

‘Salinity, Gradient, Euryhaline, parts-ped-
“thousand (ppl) o5
“Gotretation with Texas Essentlal
“Knowledge and Skills - -

*‘séience 6.2C,D.E; 6.125; 7.2C.D,E, 7.8C,
~710A,7.13A; B.2CD.E, 8,11BC.D

Activity 1.4 (Taking it with a Grain of Salt) presents relevant background information about salinity and its importance in
defining the estuary and the distribution or organisms in the Bay. Salinity, the dissolved salt content in the waier is the single
most Important factor effecting the distribution of organisms in the estuary. Unlike the ocean, where salt content varies ittle
over large areas the salt content of the estuary varies greatly, changing from nearly full strength salt water at the mouth
of the bay to fresh water at its uppermost point. This activity expands on the cancept and focuses on spatial and temporal

changes in salinity throughout the estuary.

The salinity at a particular place in the estuary can fluctuate greatly with in a year through the seasons as well as from year

to year. Typically the spring yields high fresh water inputs as melting snow and springtime rainfall increase fresh water flow
into major rivers. This results in decreases in salinity in upper estuary locations. The salinity gradually increases through
the summer and fall, as rainfalls typically are lower than in spring. On an annual basis a dry or drought year will result in

[ relatively high salinities through out the bay where as wet years will cause a reduction in bay-wide salinities. For oysters this
can greatly impact survival, as disease and predation tend to be higher at higher salinities.
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OBJECTIVES

Students will be able to:

1. Define salinity.

o Describe how salinity varies through
space and time in the estuary.

3 Show how salinity affects the distribu-
tion of animals in the estuary.

MATERIALS

+ Map of the Copano/Aransas Estuary
with sample sites marked

- Monthly salinity data set

- Graph papet, or computer sofiware for
creating graphs

PROCEDURE

Warm Up

Open a class discussion about the definition
of an estuary and the importance of the sa-
linity gradient in the distribution of organisms
fiving in the Bay. Or follow up with the Taking
it with a Grain of Salt Activity. Explain that
salinity in the bay can change depending on
how much river flow enters. In dry years flow
is low and salinity increases; in wet years
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flow is high and salinity decreases. Within the year salinity tends to be
towest in the spring as a result of rain.

THE ACTIVITY

1. Distribute salinity data set and materials for constructing graphs.in-
struct students to plot the salinity data presented. The x-axis should
be time (month) and the y-axis should be salinity in parts-per-thou-
sand (ppt). Students should draw three lines, one for each site.

2 Have students interpret the graph, answering the following questions.
Does the salinity at each site remain constant or change through
tima?

Does the salinity differ between sites?

Overall which site has the higher salinity?

What is the highest and lowest salinity for each site?

What is the range of salinity for each site?

When did the highest and lowest salinity-occur for each site?

How would salinity change if a drought accurred and river flow was
below average for the next 12 months?

WRAP UP

Students should discuss their interpretations of the salinity graph. Be sure
to emphasize that there is great variability In the environment. Factors
such as salinity in the estuarine environment are constantly changing.
What trends do they observe? What other factors might similarly change?
Also, have students speculate on how this information would be used in
real life.




Name: ' Date:

SEASONS OF CHANGE

.I.......DC..I..CO.'..I'I..i...l.’l....'l...'l.l...‘....l..!'.l"’i.ﬁ.0.'0.“...-.'3..0.l.

A. Using the data in Table 1, draw a graph to compare the salinity at the oyster reefs known as
Shellbank, Lap, and Long Reefs in Copano and Aransas Bays. Be sure to put a title and labels

on your graph.

B. After completing your graph answer the following guestions.

1. Does the salinity at each site remain constant, or does it change through time?
2. Does the salinity differ between sites?

3. Overall, which site has the highest salinity?

4. Overall, which site has the lowest salinity?

5. What is the highest and lowest salinity for each site? When did each occur?

High: Shellbank- Lap- Long-
Date:

Low: Shellbank- Lap- Long-
Date:

6. What Is the range of salinity for each site? (Subtract lowest from highest)
Shellbank-_ Lap- Long-
7. How would you expect the graph to look the next year If there is above average rainfall all

year long?

8. How would this information be used in real life?




TABLE

Monthly salinity data at three sample tocations: Shellbank Reef, Lap Reef
(both in Copano Bay), and Long Reef (Aransas Bay). The data is for the
years 2011-2012. real life.
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SALINITY PARTS PER THOUSAND (PPT)
Shellbank Lap Long
Reef Reef Reef
2011:
Apr 16 185 26
June 25 26 30
Sept 34 37 40
Nov 37 38 37
2012:
May 25 27 28
Aug 32 335 40
Nov 35 34 3

Figure 1. Map of Copano Bay and Aransas Bay, TX, showing the
locations of Shellbank Reef, Lap Reef, and Long Reef.
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EXTENSIONS
- Introduca the concept of nor-polnd sowscs polluiion.

Sterm draln rnapping aclw:lles are avatiable through the slale asl olher orgenizations (Texas Natural F Con ien Cx Isslon: hitpuiilas.dep.stale.pa AVatershed: e hedPortalFiles! A
agementMsSs |  CD_F _dratn_slenciling_manual.pdf)

tvita Aqualic Assource Speclalist Beth Almaraz from tha Nueces River Authorily to speak on walershed Issues and a hed medel (b ra.org; hitpikwnvnueces-ra.orgNRAY

Vislt NOAA's Estwaries 101 for mora aglivilles on estuaries and salinity (hilp jesnnan. i hool.aspx)

Esluariss in the Balance Is & web-based currculum eentered on tha Texas coast; it offars shor videos followed by games and lessons on estuaries and o four keysione species: blue erab, oysier, redfish, and whooping crane (hitpificgoe.
hamlina.edu/CoastalBendEstvaries)

Give students & Tist of bay animafs and hava tham 1esearch tho anlmal’s salisity reqirements.
Take a Bay field trip on the R Wetland Explorar wilh Capt. Jay Tarkington {TAMUGC Center for Coastal Stutfes Aqualic Education Progrem at hitpsices lamucs.edufpregrams-2/aepd).

Anatyza and inferpret a ple graph ing of all dissehred minerals i {Texas State Aquarlum lesson: “Salt of e Sea’).
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From: http://www.ﬂmnh.ufl.edu/fish/southﬂorida/mangrove/ProfiIes.html

MANGROVES

Mangroves:

+ Include more than 50
species within 12 families

. Live in wet saline habitats

. Reproduce through
viviparity

» Refer to an entire plant
community which includes
mangrove species

What is a Mangrove?

. The term "mangrove” refers to certain species of plant life or
to the entire plant community which includes individual
mangrove species

. There are more than 50 species of mangroves distributed
worldwide along tropical coastlines

The term "mangrove" does not refer io a specific taxonomic group of species, but to all halophytic (plants
growing in saline soils) species of tropical trees and shrubs. This catchall, diverse group includes 12 families
and more than 50 species. Although unrelated, all are adapted to life in wet soils, saline habitats, and periodic
tidal submergence. Another use of the term "mangrove’ includes the entire plant community including the
individual mangrove species. Terms such as tidal forest, tidal swamp forest, mangrove community, mangrove
forest, mangal, and mangrove swamp are synonymous with "mangrove".




Red Mangrove

Growing along the edge of the shoreline where conditions are harshest, the
red mangrove (Rhizophora mangle) is easily distinguished from other
species by tangled, reddish prop roots. These prop roots originate from the
trunk with roots growing downward from the branches. Extending three feet
(1 m) or more above the surface of the soil, prop roots increase stability of
the tree as well as oxygen supply to underground roots.

Under optimal conditions, this mangrove tree can grow to heights of over 80
feet (25 m), however, in Florida, red mangroves typically average 20 feet (6
m) in height. Habitat range in Florida is limited by temperature. Red
mangroves occur from Cedar Key in the Gulf of Mexico and Daytona Beach in
the Atlantic, southward through the Florida Keys.

The smooth-edged, elliptical leaves have shiny, dark green uppersides and
pale green undersides and occur opposite from each other along the
branches. Trunks and limbs are covered with gray bark, over a dark red
wood from which the common name originates. Clusters of white to pale
yellow flowers bloom during the spring and early summer months.

Reproductive adaptations enable seedlings to germinate while still attached to
the parent tree. Seeds sprout into 6 inch (15 cm), pencil-shaped propagules.
Seed germination while still attached to the tree gives this mangrove a
higher chance of survival. When the seedling falls into the water, it may
either take root alongside its parent or be carried by the tides and currents
to other suitable habitat.




Black Mangrove

Avicennia germinans, the black mangrove, is characterized by long
horizontal roots and root-like projections known as pneumatophores. It grows
at elevations slightly higher than the red mangrove where tidal change
exposes the roots to air. The pencil-shaped pneumatophores originate from
underground horizontal roots projecting from the soil around the tree's
trunk, providing oxygen to the underground and underwater root systems.

The black mangrove reaches heights of over 65 feet (20 m) in some
locations, however in Florida they are smaller with heights to 50 feet (15 m).
Within Florida, they range from the Keys north to Cedar Key on the west
coast and St. Augustine on the east coast. Leaves occur opposite of each
other along the branches, with upper sides that are shiny and undersides
densely covered with hairs. The bark of this mangrove is dark and scaly.
Black mangroves blossom in spring and early summer, producing white
flowers.

Reproductive adaptations enabie seedlings to germinate while still attached to
the parent tree. Seeds sprout into 1 inch (2-3 cm), lima bean-shaped
propagules. Seed germination occurs while still attached to the parent tree,
increasing the chances of survival in this adverse environment.




White Mangrove

Occupying higher land than the red and black mangroves, the white
mangrove (Laguncularia racemosa) has no visible aerial roots, unlike the
black mangrove which has pneumatophores and the red mangrove with prop
roots. However, when it is found in oxygen-depleted sediments or flooded
for extended periods of time, it often develops peg roots.

White mangroves are the least cold-tolerant of the three mangrove species
found in Florida, occurring from Levy County and Volusia County southward
in Florida. This small tree or shrub grows rapidly in rich soils to heights of 50
feet (15 m). The light yellow-green leaves are broad and flat with two glands
located at the base of the leaf where the stem originates. These glands are
sugar glands called nectaries. White mangroves produce greenish-white
flowers in spikes, blooming from spring to early summer.

Buttonwood

Often found in the upland transitional zone, the buttonwood (Conocarpus
erectus) is often associated with mangrove communities. Sensitivity to frost




restricts its range to south Florida. The name buttonwood comes from the
button-like appearance of the dense flower heads that grow in branched
clusters, forming cone-like fruit. This plant does not reproduce via
propagules, but instead producing seed cases. While the three mangrove
species have leaves that occur opposite of each other, the buttonwood
leaves alternate. The leaves are leathery with pointed tips and smooth
edges. There are two salt-excreting glands located at the base of each leaf.
Flowers appear in cone-like heads and are greenish in color. '

ZONATION
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RED MANGROVE BLACK MANGROVE  WHITE MANGROVE  BUTTONWOOD

Zonation is affected by:

« Tidal Flooding
» Land Elevation
« Soil and Water Salinity

Red, black, and white mangrove trees, along with the buttonwood, may all grow along the same
shoreline. When these species are found together, each is limited to different areas within the
tidal zone. This zonation is determined by tidal changes, elevation of the land, and salinity of the

soil and water.

Red mangroves are found along the water's edge, with full exposure to tidal variation and winds.
They are well adapted to these conditions with prop roots extending from the trunk and branches.
These tangles of root systems increase stability as well as capturing sediments from the
surrounding water. Moving further inland, is the black mangrove,

with pneumatophoresextending upwards from the soils surrounding the trunk. These root
adaptations are used to supply oxygen to the underground roots that are often in anaerobic
(oxygen-free) sediments. White mangroves, often lacking special root adaptations, occur in the
interior of the mangrove forest, followed by the buttonwood in the upland transitional area.




HABITAT REQUIREMENTS

ot

Split-view of Mangrove Habitat
© Don DeMaria

Mangrove habitat requirements:

. Tropical Climate
- Salinity Levels
« Tidal Fluctuations

Tropical Climate

Mangroves thrive in tropical climates
courtesy Natlonal Park Service




« Mangroves are tropical species

Mangroves are tropical species, surviving at temperatures above 66° F {19° C), not tolerating fluctuations
exceeding 18° F (10° C) or temperatures below freezing for any length of time.

Salinity Levels

As halophytes, mangroves are able fo live in freshwater and saltwater environments
courtesy {1.5. Flsh and Wildlife Service

. Adaptations make it possible for mangroves to live in saline
environments

As facultative halophytes, mangroves do not require saltwater to survive. Most mangroves are capable of
growing in freshwater habitats, although most do not due to competition from other plants.

Tidal Fluctuations




Nutrients are tranported into mangrove cormunities by tides
courfesy U.S. Geological Survey

. Tides bring in nutrients and remove wastes from mangrove
communities

Tidal fluctuations play important roles in maintaining mangrove communities. The changing tides, in
combination with salinity levels, reduces competition from other plant species. Tides transport salt water into
estuaries, mixing with freshwater, thereby allowing mangroves to develop further inland than otherwise
possible. Nutrients are transported into mangroves by incoming tides while waste products are removed by
outgoing tides. Also of importance is the role tides play in transporiing the propagules {seedlings) of mangrove
trees. This increases the distribution of the mangrove trees, while limiting intraspecific (within species)
competition for food and space.

ADAPTATIONS: MORPHOLOGICAL AND
PHYSIOLOGICAL

i

Prop roots of the red mangrove
@ Cathieen Bester/FLMNH
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Adaptations are required for:

« Physical Stability

« Salt Tolerance

« Anaerobic Sediments
« Reproduction




Physical Stability Adapiations

 Root adaptations make it possible for mangroves to live in the
soft sediments along the shoreline

Root adaptations increase stability of mangrove trees in the soft sediments along shorelines. Red mangroves
have prop roots descending from the trunk and branches, providing a stable support system. Shaltow
widespreading roots, surrounds the trunks of black mangroves, adding to the structural stability of the tree.
Other speacies of mangrove trees grow at higher elevations, in drler soils, do not require specialized root

structures.

L e

Mangrove root adaptations
courtesy South Florida Water Management District

Salt Tolerance Adaptations

. Adapations for salt exclusion or salt excretion allows
mangroves to live where other terrestrial plants cannot

Through physiological adaptations, mangroves are able to live in harsh saline environments. Red mangroves
occur where soll salinities range from 60-65 parts per thousand (ppt) while black and white mangroves are
found in soils with over 90 ppt salinities. Salinities effectively limit competition from other plants, while
mangroves have salt exclusion or salt excretion adaptations allowing survival in these environments.




The ability to exclude salts occurs through filtration at the surface of the root. Root membranes prevent salt
from entering while allowing the water to pass through. This Is effective at removing the majority of sait from
seawater. The red mangrove is an example of a salt-excluding species,

On the other hand, salt excreters remove sait through glands located on each leaf, Black and white mangroves
are both salt excreters. White mangroves develop thickened succulent leaves, discarding salt as the leaves

eventually drop.

© Cathleen Bester/FLMNH

Anaerobic Sediment Adaptations

. Specialized root structures allow mangroves to live in oxygen-
poor sediments

Mangrove trees are adapted for survival in oxygen-poor of anaeroble sediments through specialized root
structures. Plants require oxygen for respiration in all living tissues including the underground roots. In soils that
are not waterlogged, air diffusion between sediment grains can supply this requirement. However, in
waterlogged soils, these spaces fill with water containing lower oxygen levels than air,

in contrast to most plants, mangroves have poorly developed, shallow below-ground root systems while having
well-developed aerial roots. These aerial roots allow for the transport of atmospheric gases to the underground
robts; Red mangroves have prop, roots extending from the trunk and adventitious roots from the branches.
Although the black mangrove does not have prop roots, small air roots can be seen extending vertically from
the soils surrounding the trunk. These air roots, called pneumatophores, extend upward from the
underground roots above the soil surface. During low tides, alr is taken up through open passages in the
pneumatophores and transported to living root tissues,




IMPORTANCE OF MANGROVES |

Mangroves Stabilize Shorelines
© Cathleen Bester

Mangroves:

« Shoreline Protection
« Nursery
. Threatened and Endangered

Species
. Renewable Resource

Shoreline Protection

. Mangroves protect shorelines from erosion

Mangroves protect shorelines from damaging storm and hurricane winds, waves, and floods. Mangroves also
help prevent erosion by stabilizing sediments with their tangled root systems. They maintain water quality and
clarity, filtering pollutants and trapping sediments ofiginating from land.




Schooling Tarpon
@ Don DeMaria

Nursery

. Mangroves serve as valuable nursery areas for fish and
invertebrates

Setving as valuable nursery areas for shrimp, crustaceans, mollusks, and fishes, mangroves are a critical
component of Florida’s commercial and recreational fishing industries. These habitats provide a rich source of
food while also offering refuge from predation. Snook (Centropomus undecimaiis), gray snapper (Lutjanus
griseus), tarpon (Megalops atlanticus), jack (Caranx spp.),sheepshead (Archosargus probatocephalus),

and red drum (Sciaenops oceffatus) all feed in the mangroves. Florida's fisheries would suffer a dramatic
decline without access to healthy mangrove habitats.

Brown Pefican Swallowing a Fish
courtesy South Florida Waler Management District




Threatened and Endangered Species

. Mangroves Support Threatened and Endangered Species

In addition to commercially important species, mangroves aiso support a number
of threatenedand endangered species.

Threatened species include:

s American alligator (Alfigator mississippiensis)
o gteen sea turtle (Chelonia mydas)
« loggerhead sea turtle (Caretla caretia)

Endangered species include:

American crocodile (Crocodylus acutus)

hawkshill sea turtle (Eretmochelys imbricata)

Atlantic ridley sea turile (Lepidochelys kempii)

eastern indigo snake (Drymarchon corais)

Atlantic saltmarsh snake (Nerodia clarkii taeniata)
southern bald eagle (Hafiaeetus leucocephalus leucocephalus)
peregrine falcon (Falco columbarius)

brown pelican (Pelicanus occidentalis)

Barbados yellow warbler ( Dendroica petechia petechie)
key deer {Odocoifeus virginianus claviurm)

West Indian manatee (Trichechus manatus)

These species utilize mangrove systems during at least some portion of their fife histories, while others reside
their entire life spans, feeding and nesting within the mangroves.

Atlantic Salimarsh Snake
courtesy U.S. Fish and Wildlife Seivice




American Crocodile
© Gerald and Buff Corsi, California Academy of Sciences

Renewable Resource

« Mangroves are utilized in many parts of the world as a
renewable resource

In other parts of the world, people have utilized mangrove trees as a renewable resource. Harvested for
durable, water-resistant wood, mangroves have been used in building houses, boats, pilings, and furniture. The
wood of the black mangrove and butionwood trees has also been utilized in the production of charcoal. Tannins
and other dyes are extracted from mangrove bark. Leaves have been used in tea, medicine, livestock feed, and
as a substitute for tobacco for smoking. In Florida, beekeepers have set up their hives close to mangroves in

order to use the nectar in honey production.

i

Honey Bee
@ Dr. Antanio J. Ferreira, Califormia Academy of Sciences
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Mangrove seedlings
@ Cathleen Bester

Reproductive Adaptations

« Viviparity and dispersal are reproductive adaptations that give
mangroves an increased chance for survival

All mangrove trees share two reproductive adaptations - viviparity and propagule dispersal. Similar to
terrestrial plants, mangroves reproduce by flowsring with pollination occtirring via wind and insects. Once
pollination occurs, the seeds remain attached to the parent tree. Theygerminate into propagules before
dropping into the waters below. This ability is referred to as "viviparity”. The propagules either take root in the
sediments near the parent tree or are dispersed with the tides and currents to other shorelines.
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Seagrass Scarring

Background Information

Seagrasses are unique, marine, flowering plants of which there are approximately
60 species worldwide (den Hartog, 1970). With the exception of a few species that grow
on rock_y outcroppings, most grow in shallow, subtidal, or intertidal, unconsolidated
sediment. In this type of substrate they perform many functions. Their major
contribution is in holding the sediment together. Their roots and rhizomes are
responsible for binding millions of acres of shallow water sediment (Fonseca, 1998).
Seagrasses are unique among marine plants in their ability to bind shallow underwater
sediments while simultaneously baffling wave and current with their leaf canopy
(Fonseca et. al. 1983). By re-directing and slowing water flow, the canopy inhibits the
re-suspension of fine particles and traps those already in the water, providing anl effective
and natural water column cleanser (Ward, 1984). When the water slows down, the
particles drop out of the water column, and also prevent sediment from becoming re-
suspended. The seagrass beds serve as a crude, but efficient mechanical filter for small
particles in the water.

Not only do the seagrasses cleanse the water mechanically, cleansing also occurs
by nutrient uptake and conversion. The seagrasses, as well as the associated epiphytes,
take in these mutrients. Thalassia, with its long flat blades, provides an ideal location for
epiphytes. One square meter of Thalassia may have a total surface area of up to 18 m2
(Taylor, 1973). The nutrients taken in by the plants are converted and used in the

building of the plant biomass (Harlin, 1981).




Seagrasses occur in all coastal states in the United States, with the exception of
Georgia and South Carolina. In these states, the freshwater inflow, coupled with high
turbidity and tidal amplitude, combine to prevent the occurrence of seagrasses (Fonseca,
1998). A minimum of thirteen species are found in U. S. coastal waters, with five

occurring in Texas (Fig. 1). In the Texas area, Halodule wrightii occurs in the shallower

zones (1-2 feet), followed by Ruppia maritima. Thalassia testudinum intermixed with
Syringonium fillaforme is found at depths of three to eight feet (Fig. 2). Halodule is the
dominant species in the Texas coastal bend, with Thalassia dominant in the Redfish Bay
area. Ruppia is found thronghout the area, along with Halophila and Syringodium. In the
upper Laguna Madre, Halodule is the most prevalent with no known Thalassia (Pulich et.
al., 1997). Ruppia and Halodule are very tolerant of a wide range of salinities and
temperatures. This explains their extensive distribution. Thalassia and Syringodium are
not tolerant of salinities below 20 or above 35 parts per thousand. This makes them the
least tolerant of the Texas species (Fig 2).

A definition of what constitutes a seagrass bed is difficult. They exhibit a variety
of growth strategies and coverage patterns, and may range in size from many acre
meadows to small patches (Fonseca, 1998). Not only is a definition difficult, but
assessing a resource value for these areas also presenis problems. Seagrass habitat value
is best summarized as follows by Wood et. al. (1969):

1. Seagrasses have high growth and production rates;
2. The leaves support high numbers of epiphytic organisms with biomass approaching

that of the seagrasses itself;




. Although few organisms feed directly on them, seagrasses produce large quantities of
detritus, which serves as a major food source for many species;
. Seagrasses bind sediments and prevent erosion, in turn providing an acceptable
environment in which many organisms can grow;
. Secagrasses provide organic matter which encourages sulfate reduction and an active
sulfur cycle;
Seagrasses act as nutrient sinks and sources.

1t is difficult to monitor seagrass habitats, Different methods have been used;
however, each has its own associated problems. One time surveys are inadequate,
and data must be gathered seasonally for accurate results (anseca, 1998). Aerial
pho‘;os are excellent ways to monitor, but cannot always be used. Lenses, film, solar
angle, turbidity, wind, waves, and overall cost, cause difficulties. In aerial
photography no standard altitude or field of view has been established. Ground
truthing, through the use of boats, has its own set of problems, including reflectance,
waves, turbidity, lack of large field of view, as well as possible damage to the area.
Durako et. al., 1992, suggests going to a standard 1:24,000 (lin. = 2000 ft.) scale for
aerial photography, as well as using a historical background for monitoring these

arcas.

Impacts to Seagrasses




Seagrasses are often impacted by human activity due to their location in the
coastal zone (Fonseca, 1998). Because of their relative high light requirements, they
occur in shallow, nearshore waters, making them susceptible to damage by human
activity. Natural events can cause large and small-scale damage {0 seagrasses;
however, human affairs now account for a majority of seagrass losses (Dawes, 1997).
Destruction of seagrasses happens rapidly, in as little as a week or month, and
recovery may take several growing seasons (Fonseca et. al., 1990). Much of the
seagrass loss is related to human induced reduction of water transparency {Kenwothy
and Haunert, 1991). Dredging and dredge disposal are responsible_: for much of this
turbidity, as well as increased nutrient run off from residential and agricultural areas.
The building of piers and docks causes another often-overlooked type of destruction.
These structures block light from entering the water, and therefore, kill or severely
limit the seagrasses. Onuf, 1996, and Dunton, 1996, have done extensive studies on
the light requirements of seagrasses and have determined that quality light penetration
is essential for successful seagrass habitats.

Although the loss of seagrasses due to dredging has been significant, it is likely
that a majority of this loss is not a direct result of dredge and fill activities. More
recently, direct impacts from mooting scars, propeller scars, jet skis, and vessel wakes
are emerging as major sources of seagrass habitat loss (Fonseca, 1998). Scarring is
defined as any destructive removal or disturbance of a seagrass bed, and can be
caused when one or more of the following situations occur:

1. When boaters misjudge water depth and accidentaily scar seagrass beds;




9 When boaters who lack navigational charts or the skill to use them stray from
poorly marked channels and accidentally scar scagrass beds;

3. When boaters intentionally leave marked channels to make shortcuts through
shallow seagrass beds;

4. When boaters carelessly navigate in shallow seagrass beds because they believe
scars heal quickly;

5. When inexperienced boaters engage in recreational and commercial fishing over
shallow seagrass beds, thinking that their boat’s designed draft is not deep enough
to scar seagrasses, or that the design will prevent damage to their boat;

6. When boaters overload their vessels, causing deeper drafts;

7. 'When boaters anchor over shailow seagrass areas and allow their boat to swing;

8. When boaters intentionally prop-dredge to form a new channel;

9. When inexperienced boaters, ignorant of what seagrasses are and the benefits they
provide, accept as the norm local b;)ating customs that disregard thé environment

(Sargent et. al., 1995},

As stated before, seagrass scarting is a dircct result of the increased number of
people venturing into theses shallow areas. In the past, boats were not designed to
run in as shallow water as they are now. This, coupled with increases in prop design
and technology, has been detrimental to the seagrasses. Early props were made of
heavy brass or aluminum, and were easily bent or broken, thus limiting boats in the
shallow areas. With the design of the stainless steel props with various blades and

pitches, the shallow areas are now more accessible. The new stainless steel props are




being advertised as being almost indestructible and able to go anywhere (Pers.
Observ.)

When an area is scarred, it may take a long time to return, or it may never return.
The seagrasses are responsible for holding the substrate together. When the area is
disturbed, the substrate is many times re-suspended, and the area forms a “blowout”.

_This blowout is an area of open sand that is adjacent to a vegetated area of seagrass.
If there is moderate tidal action, the area may become enlarged, and may consume
neighboring seagrass colonies (Pulich et. al., 1997).. With luck, the unvegetated area
will undergo a succession of algae, followed by more rapid growing seagrasses (Fig
3). This may take many seasons, and some slow growing species such as Thalassia
may neve1-' return. In the 70’s a barge damaged a seagrass bed around Mud Island in
Aransas Bay. In the disturbed area turfle grass never returned (Nessmith, 1980). Due
to its slow growing nature, turtle grass is the most fragile seagrass found in the coastal
bend. Thalassia grows from lateral thizomes and once they are cut it takes ten
months for it to generate a new apex from which it can begin to grow again (Kelly et.
al., 1971). Rhizome damage and subsequent loss of reserve nutrients may reduce the
ability to produce new blade tissue (Dawes and Lawrence, 1997). This type of
damage does not affect shoal grass (Halodule wrightii) as severely. Shoal grass does
not require a lengthy recovery period because the short shoot apical meristem can be
converted to a thizome apex (Tomlinson, 1974). Some variables that may affect
recovery from scarring are: sediment composition, water quality, cuxrent velocity,
wave and wind energy, drift algae, scar depth, seagrass species, water depth, and

latitude (Sargent et. al., 1995).




Management

In Texas there has been little, if any, research conducted concerning prop
scarring. The state of Florida is at the forefront of the seagrass scarring controversy,
and has been studying the effects since the late 70’s (Zieman, 1976). There have
been extensive maps made showing the intensity of scarring in various areas. These
arcas are then classified into zones of light, moderate, or severely scarred (Fig 4).
The state of Florida has also instigated a four-point approach to deal with seagrass
scarring problems. This approach involves education, channel marking, enforcement
of restrictions, and closure of areas (Sargent et. al., 1995).

Education

Education is necessary to inform all boaters, tourists, and residents of the sensitive
nature of the seagrass community. There are many visitors as well as residents in
coastal areas, and these individuals must be educated through boating classes,
pamphlets, guides, and maps. Many organizations, including commercial fishermen,

are behind these efforts.

Channel Marking

A more precise marking system is needed in these shallow areas. Gated or paired
marks have been suggested for use in these areas; however, they do not conform to
official USCG requirements, and special consideration must be made. An additional

number of marks may also be used to prevent boaters from venturing into shallow

areas.




Enforcement
Citations and warnings must be issued if an enforcement program is to be

effective. Vessels observed operating in defined shallow areas will be fined, and can

be prosecuted under law for destruction of state property.

Limited Motoring Zones

Idle speed or limited motoring zones could be used to protect sensitive resources,
while allowing public access to these areas. This type of protection could be
implemented in areas where damage has not occurred and is anticipated. In addition
making an area “off limits” to combustion engines and allowing access only on foot

or kayaks may also be effective.

Local Management Issues

There is interest in forming a management plan for seagrasses in areas of the
coastal bend of Texas. With the exception of an “off limits” area in the Laguna
Madre, there has been strong and vocal opposition by residents to such plans.

The major plan that recieved the most coverage was written and designed by Will
Meyers and a committee created by him named the Aransas Aquatic Preserve
Coalition. This proposal called for the closing of major portions of Redfish Bay and
Estes Flats to combustion engine operation, and the formation of well marked
“travel” lanes. The proposal was backed up with scientific information and was
based on results from Florida’s plans. The proposal was presented to the public as a

working model; however, many problems were encountered. The local issues of




commercial fishing and tourism were not addressed in the proposal. The overall
cultural differences were not reséarched, and were too broad to be accepted by the
local citizens. Many heated debates and pointed newspaper articles resulted from this
proposal.

I chose to interview three individuals in the community to comment on
management strategies concerning seagrasses in the coastal bend. A local
homeowner and fisherman, a game warden, and a commercial fisherman were chosen
because of the different types of stakeholders they represent.

When I discussed the propscarring issue with a local homeowner, he became
agitated and brought up the Aransas Aquatic Preserve proposal. He explained that
older people, such as himself, would no longer be able to fish in Estes Flats because
there was no way he or other older people could physically “pole” a boat across the
big areas that would be closed under such a proposal. He also felt that the proposal
was set up by kayakers to make the area their own private fishing area. He stated that
this proposal is not the answer; however, he and others would support some “good
science” in the area concerning seagrass scarring. He would like to see how severe
the problem is, and form an opinion based on “local,” not “Florida” science.

The next individual, a local game warden, gave an inferesting view to the
problem. He stated, “I feel that seagrass scarting is not only a problem for the grass
but also for the people. There has been an increase of injuries on the water because
people think that their boats are indestructible and run them aground throwing every
one around and causing injuries. They should use commeon sense. Y ou have to drive

a car on the street just like you have to drive a boat in deep enough water.” 1




explained a little about Florida’s seagrass plans and asked for his comments. His
concern was the enforcement of the law concerning violators. “We don’t have
enough people as it is, and prosecution would be very tough. I would much rather see
things done to educate the public rather than give them another law that can not be
enforced properly.”

The last interview was quite colorful and had to be slightly edited. A local crab
man who uses the area on a daily basis was chosen. He was concerned about the
seagrass but felt that, as always, commercial fishermen were “getting the shaft”. He
stated, “My family depends on my catch. If I don’t catch, we don’t eat”, He does not
feel that there is a problem concerning the seagrass. “Hell, ducks tear up more of the
stuff than a dozen outboards”. He also likes the barren spots surrounded by seagrass.
"They are the best spots and hold a lot of crabs”. When asked what he would do if
fishing were shut down in the arca he replied, “I guess I would move someplace else;
crabbing, shrimping, and fishing is all I know™. I followed up by asking if he would
support scientific studies on seagrasses in the area. “Yes, but they would probably
find something wrong, and sure enough I'd get blamed for it.”

In conclusion, seagrass beds are important habitats in bay systems. They are
responsible for the great productivity found in the bays of the coastal bend. Increased
fishing pressure in coastal areas has resulted in direct prop damage to shallow water
seagrass communities, but has been poorly documented. Without restrictions on the
use of power craft in shallow waters, prop damage will probably surpass dredge and
fill activities as the primary threat to seagrasses (Dawes, 1997). If these scagrasses

are not protected, overall production in the bays and estuaries will be severely




affected. Following the precedent set by Florida, seagrass scarring is currently being
researched in the coastal bend. There is a need for these studies and I fecl that the
public will encourage them. Education seems to be an excellent endeavor to pursue
concerning seagrass scarring. Education is also not as controversial as closing fishing
arcas. Ultimately, getting stakeholders involved in all aspects of a management plan
will be necessary in order for it to be realistic and effective. With proper planning
and management, these scagrass areas will continue to thrive and contribute to the

diversity of the coastal bend.
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Texas Seagrass Guide

From: hitp://texasseagrass.org/TxSeadrasses.html

Information About
Seagrasses

What Are Seagrasses?

Seagrasses are flowering plants that are specially adapted to live fully submerged in
saline environments. They form carpets of rooted vegetation on the seabed, referred to
as meadows or beds. Seagrasses, like terrestrial plants, require water, nutrients, and
light in order to grow. Their high light requirements restrict the depth at which they can
grow; therefore, underwater light availability is often the limiting factor restricting
seagrass survival. For this reason, seagrasses are usually found in shallow waters
where they are able to receive ample quantities of light and nutrients. In Texas, several
studies have clearly delineated that their minimum light requirements hovers at about
18% of surface irradiance. Seagrasses are generally found within calmer waters,
protected from wind and wave action. In Texas, seagrasses are found within the
sheltered, shallow coastal bays, but in other parts of the world they can be found

offshore in shallow shelf waters.




A snorkeler in a turtle grass (Thalassia testudinum) meadow in Lower Laguna Madre,

Texas




A turtle grass (Thalassia testudinum) meadow in Redfish Bay, Texas




Aerial photograph of seagrass meadows in East Flats, Texas

Seagrass Morphology

Seagrasses anchor themselves to the sediment using rhizomes, which are oriented
horizontally several centimeters beneath the sediment surface. Smaller roots extend
outwards from the rhizome. Similar to terrestrial plants, the sediments beneath seagrass
meadows are densely packed with extensive rhizome networks. In fact, 60 to 80% of
seagrass biomass is locked in belowground tissues, which helps stabilize the plants and




allows for nutrient uptake. Seagrass leaves form within individual shoots, bundled in thin
proteciive sheaths that grow vertically upwards from the rhizome.
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“ Anatomical diagram of a seagrass plant

Why Are Seagrasses Important?

Seagrasses play a pivotal role within marine habitats and provide a plethora of services
that benefit both the coastal ecosystem and human popula’uons Seagrasses are:

Efficient primary producers that convert sunlight and carbon dioxide into usable organic

forms, serving as carbon reservoirs
Sediment stabilizers, whose rhizome networks promote sedimentation and whose

canopies attenuate wave action, helping prevent coastal erosion




[ ]

Utilized as a food source for many marine organisms and constitute the base of
numerous marine food webs

Provide both substrate and shelter, serving as nusery habitats for many commercially
and recreationally important estuarine species (e.g. red drum)

Frequently used as a measure of estuatine health, since they can maintain or improve
water quality by promoting sediment accretion and filtration of excess nutrients from the

surrounding water column

Aside from the invaluable services that seagrass provide, they also play a vital role
within the Gulf coast economy. The Texas coast is a destination for recreational
fishermen and tourists, and seagrass meadows experience heavy boat traffic,
particularly in the summer. Recreational fishermen contribute to local economies by
means of lodging, charters, marinas, and purchasing tackle. Not only do seagrass
meadows play a role in the recreational fishing industry, but they support commercial
fisheries as well. Life within seagrass beds can be easily observed while snorkeling,
providing a unique opporiunity for tourisis; enhanced water clarity allows admirers to
observe marine fauna within their natural, undisturbed environmenis. Consequently,
tourism, commercial, and recreational fishing are important sources of revenue for local

coastal economies.




A green turtle (Chelonia mydas) munches on turile grass (Thalassia testudinum) in

Akumal Bay, Mexico

Threats to Seagrass Communities

Seagrass habitats proyide countless functions that benefit human and marine
populations alike, but what would happen if they were to disappear? The two main




factors that threaten seagrasses and their overali health include: 1) environmental
disturbances, and 2) anthropogenic impacts.

Natural Environmental Disturbances

Natural disturbances occur when severe wind or wave action result in increased
turbidity and erosion of seagrass beds. Hurricanes, large storms, and damaging
currents can uproot seagrasses completely. Other climatic factors that may resulit in
seagrass habitat loss include modification of the local salinity regime (e.g. from too
much or too little freshwater inflow). Most of these natural disturbances are short-lived
or ephemeral events and seagrasses generally rebound quickly from these
circumstances compared to human induced influences.

Anthropogenic {human induced) Impacts

Anthropogenic impacts may result in seagrass habitat loss both directly and indirectly.
The greatest anthropogenic threats fo seagrasses are: nutrient enrichment,
urbanization, dredging and channeling, and commercial and recreational boating.

Nutrient enrichment (eutrophication) occurs when there is an additional input of
nutrients, such as nitrogen or phosphorus, into watersheds that drain into coastal
lagoons and bays. These nutrients may be introduced directly from an industrial pipe or
a wastewater facility or indirectly via storm water or agricultural runoff. Excessive
nutrient conditions are optimal for promoting and supporting rapid algal growth within
surface waters. These dense algae blooms can outcompete benthic seagrasses for
sunlight and reduce water clarity. Lower light penetration to the seagrass canopy results
in a decrease in net photosynthesis, reduced seagrass biomass, and an overall decline

in seagrass health.




smothers a seagrass (Thalassia testudinum) meadow in Lower Laguna Madre




Macroalgae (Padina sp.) sits on top of seagrasses (Thalassia testudinum) and blocks

them from downwelling light

Urbanization can result in seagrass loss by physically altering coastal habitats or
increasing impervious cover; these changes can lead to increased nutrient loading
within coastal systems. As coastal communities continue o grow and develop, demand
for more groins, jetties, and seawalls will increase. These structures alter hydrology
patterns, potentially resulting in current flow or wave action redirected to seagrass
habitats that are not capable of tolerating these conditions.




Dredging is a prominent activity along the Texas coast, especially along the Guif
Intracoastal Waterway and within numerous passes and inlets that must be maintained
for shipping and boating activities. Dredging can either physically uproot seagrasses
from the sediment, or bury seagrasses with sediment. In addition to burial, dredging
results in increased sediment loading into the water column, resulting in increased
turbidity and reduced water clarity. Dredged channels can also alter hydrodynamic
regimes within bays and estuaries.

Finally, commercial and recreational boating activities can pose a threat to seagrass
habitats. Commercial fishing vessels that utilize botiom trawls or dragging techniques
damage the seabed. Seagrasses residing in these locations may be physically
removed, and remaining roots and rhizomes destabilized and subject to increased
erosion that slows recolonization of the disturbed area. Deep seagrass beds subject to
propeller scaring can take up to 10 years fo return back to their original healthy state.
For information about the "Lift, Drift, Pole or Troll - Protect Texas Seagrass”, please visit

the TPWD websiie.




Photo by Ken Dunton

Propeller ("prop") scars are common physical disturbances to seagrass beds resulting

from small boats

Seagrasses in Texas

Texas seagrass beds are vital in maintaining vibrant and healthy coastal marine
ecosystems, Seagrass meadows provide critical nursery habitat for many coastal fauna
including flounder, redfish, speckled trout, blue crab and shrimp. These are harvested
both commerically and by sports fisherman. These species, along with their primary
food sources (microscopic algae, polychaete worms, small crustaceans, and other small
invertebrates), are abundant in seagrass meadows. Although more than 50 seagrass
species can be found around the world, six species are common within the Gulf of
Mexico. Five of these six species can be found along the Texas coast, including the two
most common species, shoal grass {Halodule wrighti) and turtle grass (Thalassia




testudinum), and three others, manatee grass (Syringodium filiforme), widgeon grass
(Ruppia maritima), and star grass (Halophila engelmannii).

Shoal grass (Halodule wrightii)

Left: modified from Phillips
and Menez (1988); Right: photo by Ken Dunton

Shoal grass leaves are thin, flat and tinsel-like, typically 10-30 cm in length. Shoal grass
occupies a wide range of salinities, and is often characterized by having large, dense
beds (meadows). Shoal grass is an efficient colonizing species, engineered to colonize
and proliferate on disturbed, wave dominated, or shallow water areas. Shoal grass roots
and rhizomes are consumed extensively by migrating waterfowl during the winter
months, including redhead ducks (Aythya americana). Floating wracks of

senescent Halodule leaves are a major consequence of these grazing activities.

When Halodula is pollinated, tiny, egg-like black seeds become buried within the
sediment acting as a seed reserve. The roots and rhizomes of this pioneer species aid
in sediment stabilization, ultimately prompting the succession of climax species such as

turtle grass or manatee grass.




Turtle grass (Thalassia testudinum)

¢ 7™ Left: modified from Phillips
and Menez (1288); Right: photo by Ken Dunton

Turtle grass can be easily recognized by its distinctive blade structure. Blades are wide,
flat, and ribbon-like, typically 20-50 cm in length. Leaves may be brightly colored green |
or appear brown, encrusted with tiny organisms called epiphytes. Turtle grass prefers
high salinity water in areas buffered from intense wave action. Successful poliination
results in buoyant green fruits, which are dispersed by currents. A dense network of
carbon-tich roots and rhizomes provide sediment stabilization and accretion. This
extensive network creates continuous, carpet-like meadows. Turtle grass received its
common name from the herbivorous green sea turtles (Chelonia mydas) that graze

prolifically on newly emerging leaves.
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Manatee grass (Syringodium filiforme)
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" Left: modified from Phillips and
Menez (1988); Right: photo by Ken Dunton

At first glance, manatee grass appears to resemble shoal grass. Further inspection
yields blades that are tough and cylindrical in shape, culminating in a rounded and biunt
tip. Syringodium blades can be upwards of 50 ¢cm in length. The roots and rhizomes of
this species do not penetrate deeply into the sediment and are easily uprooted.
Manatee grass is usually found in mixed beds alongside turtle and/or shoal grasses, or

may be found in monospecific patches. Manatee grass received its common name from
the manatee, which is known to graze extensively on seagrass,
particularly Syringodium.
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Star grass (Halophila engelmannii)

Left: modified from Phillips
and Menez (1988); Right: photo by Ken Dunton

Star grass (sometimes called clover grass) is unique in the way that the blades are
oriented into a star-like whotl. These whorls generally consist of 4-8 elliptical and finely
serrated leaf blades. Star grass is a relatively small plant, rarely exceeding 10 cm in
length. It is generally found in sandy or muddy subsirates within sheltered and deeper
waters. This species is more shade tolerant than most seagrasses, often occurring as
an understory species within mixed seagrass beds.




Widgeon grass (Ruppia maritima)

Left: modified from U.S. Fish and
Wildlife Service (https://www.flmnh.ufl.edu/fish/southflorida/seagrass/profiles.htmi);
Right: photo by Ken Dunton

Widgeon grass grows in a tremendous range of salinities, including fresh, brackish and
saline waters. It has been observed in Baffin Bay, Texas at salinities exceeding

100, Ruppia is generally found in the soft sediments of wind-protected lagoons and
bays. This species closely resembles shoal grass but can be distinguished at maturity
by its morphology. Widgeon grass has muitiple slender, threadlike blades that protrude
in an aliernating fashion along the stem. These blades appear bushy and fan-like. Root
and rhizome structures do not form thick, extensive mats making them easy to

uproot. Ruppia rhizomes are also consumed by migrating waterfowl.
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