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Foiling Fouling  
with Science, Art, Math, and Language Arts Extensions 

ADAPTED FROM ACTIVITIES FROM “CLAY BOATS” BY DUKE’S UNIVERSITY CENTER FOR INQUIRY BASED LEARNING  
 
 

Objective 
Students will begin the activities describing how to 
make a boat from a material denser than water. 
Once completed, students will discover the 
dangers of biofoul by continuing to add weight to 
their design. 

Overview 
This PBL design interdisciplinary lab encourages 
students to think outside the box to better 
understand the concept of buoyancy and design. 
This lab has the ability to have a long-term impact 
on both coral nurseries and coral restoration in the 
future, giving the students a real-world problem 
that their submissions may help save our reefs. This activity can be 
adapted to a single day or extended to an entire term. 

Background Information 
The reason why objects, such as buoys, life rafts, and beach balls, float 
in water is because air they are less dense then water. This principal is 
called buoyancy. Buoyancy is the ability to float in water or air. A 
cork floats in water because it is less dense than a cork-size volume of 
water. But it won't float in air because it is denser than the same 
volume of air.  Biofouling or biological fouling is the accumulation 
of microorganisms, plants, algae, or small animals on wetted surfaces 
that have a mechanical function, causing structural or other functional 
deficiencies. 

Materials (K-12) 
§ Non-hardening Clay 

(3 OZ per student) 
§ Minimum 6’ deep 

Plastic Bins filled with 
Saline (One Bin per 4 
students; 4.5 ounce 
NaCl per gallon H2O) 

§ Paper / Markers 
§ Paper Towels 
§ Roll Wax Paper 
§ Paint (waterproof) 
§ Sprinkles (recycled 

plastic or polymer) 
§ Pipe Cleaner Tips 
§ 5mm Flat-head screws 

 
Florida CPalms  

Big Ideas 
§ SC.K.N, SC.1.N,  

SC.2.N, SC.3.N, 
SC.4.N, SC.4.P, 
SC.5.N, SC.6.N, 
SC.7.N, SC.8.N, 
SC.912.N, SC.5.P, 
SC.K.E, SC.1.P, 
SC.2.P,  SC.3.E

NGSS Standards 
 
 
 
 

 
MS-ETS1-4. Develop a model to generate data for iterative testing and modification of a 
proposed object, tool, or process such that an optimal design can be achieved.  
 

 
MS-ETS1-2. Evaluate competing design solutions using a systematic process to determine 
how well they meet the criteria and constraints of the problem. 
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Introduction Phase 
Presenting the Problem to the Students. 
 
To begin Foiling Fouling, teacher show the CRF Antifoul Challenge Video, which can be 
downloaded from here: https://www.coralrestoration.org/battling-biofoul-challenge. It 
is important for you to emphasis that their efforts on this lab could have lasting impact on 
coral restoration as a whole, as their discoveries will be added to the practical knowledge of 
Coral Restoration Foundation™ as well as the scientific community as a whole.  
 
At this point, depending on the level of students as well as time dedicated, Teacher may 
move on to the extension activities that are included on our website: 
https://www.coralrestoration.org/activity-packs. This will give the students a better 
understanding of what coral is, why is it important, and why is it endangered. A 
recommended order for teaching the activities would be Amazing Acropora (and any / all 
extension activities included), followed by Gamete and Greet (and any / all extension 
activities included), Creating CaCO3 (and any / all extension activities included), Sibilating 
Scleractinia (and any / all extension activities included), Maritime Slime (and any / all 
extension activities included), and finally Anthropogenic Aftermath (and any / all extension 
activities included). 
 

Preliminary Phase 
Find out what the students already know. 
 

Teacher holds up 3 oz of clay in a ball over a water-filled plastic bin.  

Teacher talk 
§ Will this clay sink or float?  
§ Why do scientists predict what will happen? 
§ Other than sinking and floating, what else could happen?  
§ What makes an object sink?  

The goal of the Preliminary Phase is simply to see what the students background knowledge 
is of the scientific method and buoyancy. Teacher, at this point, should not correct answers, 
but facilitate a conversation between the students to allow them to come to a consensus 
with each question. 

Teacher drops the clay ball into water-filled plastic bin to show it sinks. 
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Focus Phase 
The students explore examples of the concept. 
 
Teacher writes on the board “Challenge: Create a boat from the clay that floats”.  
 
Tape down wax paper in front of each student, so the wet clay will be easier to clean up.  
 
Give each student 3 oz of clay, and saline-filled plastic bin and paper towels per group 

Teacher talk:  
§ You may test your objects as many times as you would like but draw a picture of each 

design before testing it. Dry off your clay before creating a new design 

Focus Phase Extension: Teacher explains to students that the water that they were using 
was saline to better represent the ocean and asks the students if that makes a difference on 
what sinks and floats. Do the Focus Phase again, but with fresh water.  

Exploration Phase  
The students exchange, debate, and test ideas. 

Teacher talk:  

§ What did you notice while building your designs? 
§ What inspired you to make the changes that you did in your design? 
§ Which designs didn’t work very well? Why do you think this is? 
§ Which designs worked well? Why do you think this is? 

Teacher allows students to present a picture timeline of their designs.  
 

Application Phase  
The students apply their rules to new situations. 
 

Teacher talk:  

§ Now we are going to put your boat designs to the ultimate test against biofoul. 

Biofouling or biological fouling is the accumulation of microorganisms, plants, algae, or 
small animals on wetted surfaces that have a mechanical function, causing structural or other  
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functional deficiencies. 
 
Teacher passes out paint.  
 
Teacher talk:  

§ Within the first minute being submerged underwater, objects are covered with a 
conditioning film of organic polymers. This is naked to the eye, but we will be using 
paint to represent it. 

 
Have the students paint the bottom of their boats which would be submerged underwater. 
Wait for the paint to dry. 
 
Teacher talk:  

§ Do you think this will affect your boats abilities? 
 
Allow students to make their predictions and test them. 
 
Teacher passes out sprinkles. 
 
Teacher talk:  

§ Within the first day being submerged underwater, objects begin to be covered in 
something called biofilm, which is a mix of bacteria and diatoms. We call these the 
primary colonizers. We will be using sprinkles to represent it. 

 
Have the students push the sprinkles into the bottom of their boat. It should cover the full 
area which is covered in paint. 
 
Teacher talk:  

§ Do you think this will affect your boats abilities? 
 
Allow students to make their predictions and test them. 
 
Teacher passes out pipe cleaner tips (no bigger than ½ an inch). 
 
Teacher talk:  
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§ Within the week being submerged underwater, the biofilm has 
accumulated enough to give nutrients and ease of attachment for 
macroalgae spores and protozoans, our secondary colonizers. We will represent these 
by Pipe Cleaner Tips. 
 

Have the students push the pipe cleaner tips into the bottom of their boat. Make sure not to 
give each student too many, or there will be no room for the last step 
 
Teacher talk:  

§ Do you think this will affect your boats abilities? 
 
Allow students to make their predictions and test them. 
 
Teacher passes out flat head screws. 
 
Teacher talk:  

§ Within 3 weeks of being submerged underwater, the tertiary colonizers have attached. 
These macrofoulers include tunicates, mollusks and sessile Cnidarians. We will use 
screws to represent them. 

 
Have the students push the screws into the bottom of their boat. Try to fill every open space 
that is left. 
 
Teacher talk:  

§ Do you think this will affect your boats abilities? 
 
Allow students to make their predictions and test them. 
 

Challenge Phase 
The students take their application to a real-world situation  
 
Teacher again shows the CRF Antifoul Challenge Video, which can be downloaded from 
here: https://www.coralrestoration.org/battling-biofoul-challenge. For the 2020-21 
competition, all submissions must be made by or before March 5th, 2021 (World Wildlife 
Day). All submissions of designs, as well as the entire rules of the competition, can be made 
through either the website, or You can also submit designs through the mail: 
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Education Program Manager 
Coral Restoration Foundation 
89111 Overseas Highway 
Tavernier FL 33070 

Synthesis Phase 
The students take their overall understanding to the next level. 
 

Teacher Talk:  
 

§ Why is understanding buoyancy important? Well, marine biologists in the Florida 
Keys are using this concept to save corals on the Florida Reef Tract, and around the 
world. from completely disappearing. It has been estimated that we could lose all 
coral reefs in the next 80 years, unless we take action to protect and restore them. 

 
§ Through experimentation, scientists at the Coral Restoration Foundation discovered 

that certain corals grow faster when they suspended in the water column. Being 
suspended in the water column, the corals have 360-degree access to nutrients that 
help them grow. Suspending the corals away from the sea floor, the corals are also 
safer from predators, and are not at risk of being covered in sediments which can 
impede their growth. 

 
§ The Coral Restoration Foundation went on to develop a technology using this 

principle that now allows them to grow critically endangered species of corals by the 
hundreds. They call these structures “Coral Trees”.  

 
§ The Coral Trees are made of PVC pipes, fiberglass rods, and Styrofoam buoys. These 

materials keep the Coral Trees positively buoyant, yet also anchored to the sea floor 
so that they stay vertical in the water column and don’t float to the surface. 

 
§ The Coral Restoration Foundation now has seven “nurseries” of Coral Trees in the 

ocean just off the Florida Reef Tract – the third largest barrier reef in the world, and 
the only barrier reef in the Continental United States.  

 
§ Staghorn and elkhorn coral are “reef building” corals and provide critical habitat for 

many marine organisms.  
 

§ Staghorn and elkhorn coral used to be the most abundant corals on the Florida reef 
tract, but their populations have declined by 95 to 97 percent in the last 40 years.   
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§ Coral reefs support 25% of all marine life including Florida’s most 

recreationally and commercially important species such as lobsters, 
hogfish, mahi mahi, and swordfish.  
 

§ Coral reefs protect coastlines from storm surges. Storm surges from weather events 
like hurricanes do billions of dollars’ worth of damage to homes, roads, businesses, 
and other important infrastructure.  
 

§ Coral reefs are also visited by tourists who dive, snorkel, and fish on them. This kind 
of tourism provides important jobs and incomes for communities living on the coast. 
Without coral reefs, this industry, and therefore the economies, of coastal 
communities around the world would collapse.  

 
§ Coral Restoration Foundation’ s biggest nursery, the Tavernier Nursery, can hold up 

to 500 trees each containing 60 corals. In total 30,000 corals can be grown at once. 
Once they reach the size of a large grapefruit, these corals are attached onto to reef 
where they will continue to grow and repopulate their native range.  

 
§ We have 750 total tree with CRF in total. These sculptures have proven to be the best 

method so far to grow these corals, but there is a catch. Biofoul grows upon the trees, 
which can weigh the buoyancy down, and create competition for the corals. Because 
of this, instead of time spent returning coral to the reefs, every month, teams of 
restoration volunteers have to use chizels and brushes to “clean” each individual tree. 
With each tree taking between 10-45 minutes to clean, we spend a minimum of 2,000 
volunteer hours each year battling biofoul. 

 
§ Our team member can outplant, on average, a palm sized staghorn fragment back to 

the reef every two minutes of diving. Think about how many more corals we could 
outplant with an extra 2,000 volunteer hours! By undertaking this challenge, you 
could be truly moving the needle back on reef degradation and help save one of the 
most endangered ecosystems on the planet. 
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