Vegetarian Sharks?

Focus Question

Do sharks need plants?  How is energy transferred through a typical marine food chain?

Activity Synopsis
Students will act out the roles of organisms in a marine food web to learn about the importance of balance in an ecosystem and how energy is transferred through the food chain.

Time Frame
5 minutes of one class period and one 50-minute class period

· The first day you will read “The Charleston Bump”

· The second day you will begin the activity

Student Key Terms

· energy

· ecosystem

· food web

· niche

· producer

· consumer

· prey

· predator

Objectives
The learner will be able to:

· explore how plants and animals within a marine ecosystem interact with one another.

· distinguish among the roles organisms serve in a food web.

· recognize that energy passes from organism to organism in food webs.

· diagram how energy flows through food webs.

Fifth Grade Standards Addressed

Science Standards

IA1a, IA4a, IA5a, IIB1a,b; IIB2a; IIB3a,b

Background

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.

By definition, an ecosystem includes the living organisms (biotic) as well as the non-living (abiotic) factors with which they interact. The relationships among the organisms show how the sun’s energy (in most cases) moves from plants to animals to decomposers.  This energy enables the organisms to live, grow and reproduce.  Food chains show simple relationships; food webs show greater complexity and relationships among the food chains.  Decomposers—bacteria and fungi—recycle materials, not energy (show two illustrations to demonstrate the difference and arrows).  

Trophic levels are often depicted as pyramids, with producers located at the bottom of the pyramid and high level consumers located at the top.  The amount of food energy passed up the pyramid decreases with each higher level.  There are, therefore, considerably more producers at the bottom of the pyramid than there are consumers, because more food energy is available at the lower levels.  Only about 10% of the energy is passed on to the next level.

The base level of the food pyramid is plants, which can photosynthesize energy from the sun to create sugars and other substances.  In the marine world, plants are usually seaweeds or tiny, single-celled plants floating in the water, called phytoplankton.

The next level contains herbivores that graze on the plants.  In the marine world, tiny animals or larvae, which can swim feebly in the water, are called zooplankton, filter or eat the plants.  In the next level and in other upper levels are the predators that feed on the herbivores.  The top or apex of the trophic pyramid is the predators like sharks, swordfish, killer whales and such.  

In an ecosystem, there are habitats where organisms live and within each habitat, there are specialized niches, which describe what organisms do.

For example, in this lesson, we are using a specific ecosystem, the Charleston Bump, a slight rise on the continental shelf off the coast of South Carolina and Georgia to identify food webs.  This marine ecosystem, which has many different habitats, supports many niches.  Thus the ecosystem of the Charleston Bump is very complex and important.  

The Charleston Bump

“The Charleston Bump: A Deep Reef 'Island' in the Gulf Stream”, September 27, 2001, George Sedberry, Chief Scientist, Charleston Bump Mission, printed from http://oceanexplorer.noaa.gov
Off the east coast of North America, the edge of the continent extends seaward beyond the beach and out onto a gentle slope that forms the sea floor of the continental shelf. This shelf slopes seaward to the continental slope, where the bottom begins a relatively steep drop down to the continental rise and beyond to the "abyss," where it plunges to a depth of a mile and a half. Off the coast of South Carolina and Georgia, the continental slope is interrupted by a relatively flat area called the Blake Plateau. This plateau divides the continental slope into the Florida Hatteras slope (inshore) and the Blake Escarpment on its offshore side.

Sitting at the northern end of this flat plateau is the Charleston Bump. The Bump rises off the Blake Plateau from depths of about 2,200 ft and extends upward toward the surface. Although the rise stops some 1,200 ft below the sea surface, the Bump plays the role of an "island" habitat for species such as wreckfish (Polyprion americanus), which prefer deep reefs, but not those as deep as the plateau itself. Because the Charleston Bump is an island of shallower habitat on this deep plateau, it is a haven for wreckfish, barrelfish, blackbelly rosefish, swordfish, sailfish, and marlin. Bottom fishes like wreckfish are attracted to the steep, rocky bottom, which provides food and shelter. Pelagic fishes like swordfish are attracted to bottom features such as canyons and seamounts, and the Charleston Bump is a known hot spot for catching these highly desired species. What is the attraction for the fish? Scientists aboard the Seward Johnson II are investigating the Charleston Bump with a variety of methods to answer this question.


A Vertical 'Conveyor Belt'
In the open sea, food production takes place in the upper, sunlit surface layers. Tiny marine plants, the phytoplankton, thrive in the sunlit regions, and provide food for the small animals, known as zooplankton, that graze on them. Fishes in the water column migrate upward at night under the cover of darkness (thus avoiding predators) to feed on the zooplankton near the surface. During the day, these midwater (or mesopelagic) fishes once again avoid predators by returning to deep (1,000-1,600 ft), dark, cooler waters, where their evening meal is digested more slowly. On the Blake Plateau, the Charleston Bump rises up and reaches into the layers where these well-fed fish, squid, and shrimp rest during the day. Deep-living wreckfish lurk in caves and under overhangs on the Bump, and come out to feed while the vertically migrating fish and squid are traversing their daytime depths.

During our submersible dives, we counted numerous lanternfish, squid, shrimp, and other vertically migrating animals near the bottom. They were especially concentrated near the bottom at mid-day, where they were available as prey to large predators such as wreckfish. The Gulf Stream provides a continuous stream of these prey organisms flowing over the Bump, not unlike a conveyor belt. This dynamic food chain makes the Charleston Bump a very productive fishing bank.

Procedures

Materials

· Cards for each organism (made of paper or construction paper).  The cards should be labeled with the name of the organism.  You’ll need extras, so make lots!  It is recommended that you color-code each organism in order to lessen confusion.

· An open area

· A blackboard and chalk or bulletin board and paper

· Bathymetric map of the South East Atlantic Ocean. Order form:

Office of Coast Surveys (NOAA)

Distribution Division (N/CG 33)

6501 Lafayette Avenue

Riverdale, Maryland

USA 20737-1199

Web: chartmaker.ncd.noaa.gov
Procedure

1. The day before the experiment, read “The Charleston Bump: A Deep Reef ‘Island’ in the Gulf Stream” to the class (found in Detailed Information).

2. Ask students to use the information from the reading on day one to locate the Charleston Bump on the bathymetric map.

3. The organisms in this activity are found along the Charleston Bump, which was described in the reading.  The students will be modeling an ocean food chain related to that region.

4. Split the class into the four groups of organisms and distribute the pre-made cards.

5. Give each student the number of cards indicated below.  Explain to the students that because they are modeling a population of organisms, each student will represent more than one organism, thus having more than one card!

	Organism
	Number of cards given per student

	Phytoplankton
	10

	Zooplankton
	8

	Squid
	5

	Sixgill shark
	1


6. Ask the students to name the four populations.  Question them until they name a population of phytoplankton, a population of zooplankton, a population of squid and a population of sixgill sharks.  Prior to beginning the game, create a graph of the populations within the space (count each card in the game as an organism).

7. Students will act like their organism.  Phytoplankton card holders passively wave their arms; zooplankton card holders motor around, wiggle their arms like flagella; squid card holders move in jumps like jet propulsion; shark cardholders should undulate like a shark and hold their arms out like sharks’ pectoral fins.

8. The goal is for each organism to survive by getting a certain amount of food within the allotted time.  

The zooplankton—5 phytoplankton; - 

The squid—3 zooplankton; - 

The sixgill sharks—1 squid.

Write these numbers on the board.  If the student does not capture enough food, he/she is “out” and needs to come to the recycle area.  Also, if all of the student’s cards are gone, he/she is out and must come to the recycle area.  The recycle area is where he/she will be decomposed.

9. RULES of the Game

a. The game consists of two or more rounds.  Each round lasts 10-15 seconds (adjust this time according to your students)

b. During each round, organisms must tag their appropriate prey.  Once you tag your prey and get a card, you must move on to another prey organism to get the next piece of food.

c. Stay in the boundaries of the game.

d. Once all of your cards are gone, go to the recycle area.  If you do not collect enough food (cards) you also must go to the recycle area.

e. Begin the game

10. After each round record and graph the numbers of each organism left within the playing area.  (Remember, you are graphing the number of cards remaining in the circle for each organism).  Take note of what is happening within each population.  Have the students in the recycle area assist with graphing the data.  Between each round, allow students a few moments to discuss the data trends – do they observe a change in the populations of organisms?  Why do they think this is happening?

11. Stop the game for a class discussion when the round results in a noticeable difference in one of the organisms’ population.  Did all of the phytoplankton “die”?  What then happened to the other populations?  Who died next?  Then who?  Alternatively, did one or both of the sharks die first (this is not likely with this set-up, but possible!)?  What happened down the line?  (With no one to prey upon them, the squid would rapidly deplete the zooplankton supply).

12. What does this information tell us about food chains and food webs?  Why do sharks only have to eat 1 squid but squid have to eat 3 zooplankton?  Are sharks herbivores?  What do our data tell us about sharks’ dependence on plants?

Extensions 

1. Now, let’s consider what would happen if at the beginning of the game, you put in 7 sharks?  Begin a new set of graphs and allow the students to go through several rounds.  Can the ecosystem support such a large population of top predators?  Why? 
2. Have the students create the food chain represented in this activity on the board.  Ask the students to draw in arrows representing the energy flow (Remember that arrows show how the energy moves through the food web – so the arrow points from the prey TO the predator).  Does all energy from one trophic level pass to the next trophic level?  (No, only about 10% moves from one trophic level to the next).  Why?  (Because the organisms use the energy they gain from food to perform body functions and some is converted to heat energy).  What does this mean?  (Therefore the energy input at the bottom of the food chain (plants) is greater than the amount of energy that makes it to the top of the food web and not many top predators can be supported.  This is the pattern throughout the animal kingdom).
3. Depending on your time limitations, you may choose to do a couple more “what would happen if” situations.  You may start by “overloading” any one of the trophic levels and allow several rounds for students to see what happens.
4. Have students elaborate on the food chain create din extension #2.  Have students research two additional prey items for each organism to create a Charleston Bump food web.  An example would be that sharks along the Charleston Bump also eat red bream.  This could be added into the food web, and then the organism(s) that red bream eat could be added into the web.
Assessment  

Have each student draw a diagram that details why sharks need plants.  This should look similar to a food chain (probably not a web since we have only discussed 4 organisms in this activity).  Also have the students write a paragraph detailing why in a given area, one would find more herbivores than top predators.

Rubric (a possible 5 points):

4 points: the student puts the organisms in the correct order

1 point: the student draws energy arrows in the correct direction

5 points:  the student correctly details why sharks need plants, you may want to look for words such as top predator, herbivore, prey, and energy loss
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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.
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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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