Built For Speed

Focus Question

Why is a shark faster than a puffer fish?

Activity Synopsis

At the Aquarium, the student will observe fish in the Great Ocean Exhibit to see what makes one fish faster than another.

Time Frame

One hour

Student Key Terms

· adaptation

· drag

· friction

· gravity

· lift 

· thrust

· force
· caudal fin

· pectoral fin

Objectives

The learner will be able to:

· observe live fish to determine what adaptations allow some fish to swim faster than others.

· explain how the adaptations of a shark allow it to achieve lift and thrust and to counter gravity, friction and drag.

· determine how the adaptations of other animals allow them to achieve lift and thrust and to counter gravity, friction and drag.

Fifth Grade Standards Addressed

Science Standards

IA1a, IA5a, IIB1b, IIA1b, IVB2a

Background

Key Points

Key Points will give you the main information you should know to teach the activity.

· The design of an airplane allows it to achieve thrust and lift and to counter gravity, friction and drag. The jet engines provide thrust, wings provide lift to counter gravity and the aerodynamic shape cuts down on friction and drag.

· A shark is similar in form to an airplane. Caudal (tail) fin provides thrust, horizontal pectoral (side) fins provide lift and streamlined body reduces friction and drag.

· As a general rule of thumb for fish, the larger their caudal fin and the more streamlined their body, the faster the fish can swim.

· Sandtiger sharks swim continuously in open water and feed primarily on fish, so they need to be able to move quickly.

· Porcupine puffers stay near reefs, can protect themselves from predators by puffing up with spines out and feed on shelled animals that do not move quickly, so puffers do not need to move quickly.

· Birds achieve thrust and lift with wings and are aerodynamic to reduce friction and drag.

· River otters have webbed feet and large tails to produce thrust and streamlined bodies to reduce friction and drag.

· A human can swim, but it is not built for swimming, having neither webbed feet or fins or a streamlined body, and therefore cannot swim as fast as an otter.

Detailed Information

Detailed Information gives more in-depth background to increase your own knowledge, in case you want to expand upon the activity or you are asked detailed questions by students.

It seems impossible that a large metal object that weighs over 147,000 pounds could get off the ground, yet a Boeing 747-400 jet is capable of flying at speeds of over 565 miles per hour. It can do this because its design allows it to achieve thrust and lift and to counter gravity, friction and drag. The jet engines allow it to achieve an incredible amount of thrust to propel it forward. The wings provide lift allowing it to counter gravity to get off the ground. The aerodynamic shape of the plane cuts down on friction and drag, allowing the jet to move quickly through the air.

At first thought a shark and a Boeing 747 do not appear to have much in common, but put pictures of them side by side and you will begin to notice certain similarities in form. Like a jet airplane, a shark is built for moving quickly (though in water, not air). A shark obviously does not have jet engines, but as its large caudal (tail) fin sways back and forth, it pushes water, propelling the shark forward.

Like an airplane’s wings, a shark’s pectoral (side) fins extend horizontally from its body to give it lift and to counter gravity. This is important to sharks because they do not have a swim bladder (a bladder that fills with air to allow a fish to float) like bony fish, and this keeps the sharks from expending too much energy to keep off the bottom. Some sharks also must keep swimming in order to get water over their gills so they can breathe. The lift generated by their pectoral fins helps them to do this.

The streamlined shape of an airplane can also be seen on a shark. Like the airplane, the streamlined shape of a shark helps it to cut down on friction and drag. Water molecules can cause a lot of resistance (if you don’t believe me, try running through a swimming pool), yet the streamlined shape of a shark allows it to move very quickly, in the case of a mako shark, over 50 miles an hour.

Sharks are not the only fish that have large caudal fins to increase thrust and streamlined bodies to cut down on friction and drag. Fish such as crevalle jacks, cobia and swordfish also have these adaptations. All of these fish are pelagic fish (meaning they spend all of their time swimming in open water) and are predators of other fish. Their streamlined bodies allow them to move forward through the water all day long without exerting too much energy. Their large caudal fins allow them to move quickly to chase down prey.

Not all fish are built for speed this way. The porcupine puffer, for example looks kind of like a shoebox with fins. These fish spend most of their time near reefs, very rarely swimming in open water, and they feed primarily on crabs and clams, animals that do not move very quickly, or in the case of clams, at all. If a predator attacks a porcupine puffer it does not have to swim away, because it has the ability to inflate with water and its sharp spines will then stick straight out to protect itself. For these reasons, a porcupine puffer does not have to swim quickly and therefore does not have a streamlined body or a large caudal fin.

Other animals that swim in the water or fly in the air have means to provide thrust and to resist friction and drag. A river otter has webbed feet and a large tail that provide thrust with their large surface areas as the otter swims through the water. Like the shark, it also has a streamlined body to cut down on friction and drag in the water. A bird has wings to provide thrust as their large surface area flaps through the air, and the wings and the tail feathers also provide lift to resist gravity. A bird such as a peregrine falcon also has a streamlined body to cut down on friction and drag, and can reach speeds of up to 200 miles per hour. A human can swim, but it is not built for swimming, having neither webbed feet or fins or a streamlined body, and therefore cannot swim as fast as an otter or a shark.

Procedures

Materials

· Unlined paper

· Clipboards

· Pencils

· Assessment sheets

Procedure

1.  Before their visit to the Aquarium, students should be familiar with the terms gravity, friction, drag, lift and thrust. Have them think of man-made objects, such as airplanes, rockets, submarines and the space shuttles, that move quickly and discuss what these objects have in common that might allow them to move quickly. Have students draw a picture of an airplane and label the parts that provide thrust (the engines), the parts that provide lift (the wings), and the parts that resist friction and drag (the aerodynamic design). Have them hold onto this drawing until after their visit to the SC Aquarium. Ask them to think of animals that may look similar to an airplane and discuss why this may be.

2. At the Aquarium, give each student a sheet of unlined paper, a clipboard, and a pencil. 

3. Bring students to the Great Ocean Exhibit in the Lower Ocean Gallery. Have them look for the sand tiger shark and a porcupine pufferfish in the exhibit. When the students find these, have the students observe these fish to see how they swim and which is a faster swimmer.

4. Discuss with students which fish they thought was faster (presumably they will all say the sand tiger shark). On their paper, have the students draw the pufferfish and sand tiger shark and label the parts of the fish that might provide thrust or lift and the parts that might reduce friction or drag.

5. Have them find another fish in the tank that appears to be able to move quickly. Have them draw the fish on their paper and label the parts on their bodies that might provide thrust or lift and the parts that might reduce friction or drag.

6. Back in the classroom have students discuss their drawings and why and how they think the shark is faster than the pufferfish. Tell them that sandtiger sharks tend to feed on other fish, while pufferfish tend to feed on clams and other shelled animals. Based on this, who would have to swim faster to catch their prey? (The shark). If the pufferfish is not a fast swimmer, how does it avoid predators? (It fills with water increasing its size and its sharp spines stick straight out). What are the body parts on a shark that make it a faster swimmer than the pufferfish? (It has a much more streamlined body shape than the pufferfish, allowing it to cut down on friction and drag. Its larger caudal (tail) fin gives it more thrust, allowing it to move faster than a pufferfish that has a smaller caudal fin.

Its horizontal pectoral (side) fins give it lift allowing it to use less energy to counter gravity than the pectoral fins of the pufferfish allow it to do.) Have the students look at the other fast moving fish they chose. What are the body parts they have in common with the shark? Do they think the shark would be faster or slower than this fish? (As a general rule of thumb for fish, the larger their caudal fin and the more streamlined their body, the faster the fish can swim). Have students compare their drawing of the airplane to their drawing of the three fish. Which fish is most similar in shape to the airplane? (Probably the shark.) Why do they think this is? (The design of the shark helps it move quickly through water just like the design of the airplane helps it move quickly through air).

Assessment

Give each student an assessment sheet and have them label the parts on each animal that provide thrusts when swimming in the water or flying. On the birds have them label the parts that provide lift. Have them circle the animal in each pair that seems most well adapted to resist friction and drag. Have them star the animal they think would be the fastest swimmer or flyer then write an explanation of why they chose that animal.

Rubric (out of 12 points)

· 1 point each for labeling the caudal fin on each fish as the source of thrust           

2 points
· 1 point each for labeling the wings on each bird as the source of thrust 
          
2 points

· Labels the arms and/or legs on a swimming human as the source of thrust  
          

1 point
· Labels the tail and/or webbed feet on a swimming river otter as the source

of thrust                                                     




          

1 point

· Labels the wings and/or tail feathers on the birds as the source of lift
         

 1 point
· Circles the swordfish as the more resistant fish to friction and drag                       

1 point         

· Circles the falcon as the more resistant bird to friction and drag

          
1 point
· Circles the otter as the more resistant mammal to friction and drag

          

1 point
· Explain that a streamlined body cuts down on lift and drag allowing an

animal to swim faster in water or fly faster in the air



        

 1 point
· Explain that a larger caudal fin (fish) or webbed feet and a large tail

(otter) create more thrust in the water and wings (birds) creates 

thrust in the air           






          

1 point
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Members of the COASTeam Aquatic Workshops development team include: Katrina Bryan, Jennifer Jolly Clair, Stacia Fletcher, Kevin Kurtz, Carmelina Livingston, Leslie Sautter, and Stephen Schabel.

Built For Speed Assessment

Directions: For each of these organisms label the parts that provide thrust and that reduce drag and friction. For the birds, label the parts that provide lift. Name the bird you think is faster in the air, and the fish and mammal you think are faster in the water and explain why you think so.
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Birds
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Which do you think is faster flying in the air? Why?
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Fish
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Which do you think is faster in the water? Why?

Mammals




Which do you think is faster swimming in the water? Why?
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Falcon





    Turkey
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Porcupine Pufferfish





Swordfish
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River otter
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   Human Being





Nature illustrations by Val Kells
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From COASTeam Aquatic Workshops: Oceans (grade 5); a joint effort between the COASTeam Program at the College of Charleston and the South Carolina Aquarium – funded by the SC Sea Grant Consortium.
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