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Science on a Sphere Curriculum



Introduction to Science on a Sphere

Science on a Sphere was developed by the National Oceanic and Atmospheric Administration (NOAA) to help illustrate Earth System science to people of all ages. Animated images of atmospheric storms, climate change, and ocean temperature can be shown on the sphere.

The new exhibit Oceans Revealed: Power of the Planet, located at the NC Aquarium on Roanoke Island, offers teachers the opportunity to have students see complex ideas in a visually dynamic and fun way. The exhibit features Science on a Sphere, a nearly 6-foot spherical display system that shows animated and near real time data. Bring cutting edge science to your students while they have fun.

The exhibit and this curriculum guide focus on the world’s oceans, how the oceans work, their effect on our daily lives and the issues and challenges that are facing them. 

· Exhibit is interactive with unlimited possibilities

· Meet science standards in a new way and continue the learning with fun activities
· Activities will help students learn how weather and climate interact and effect their lives

· Experiments teach students complex topics in a hands-on manner
· Schedule programming with Aquarium educators in addition to doing guide activities

· Admission is Free to all NC School Groups
Take an amazing journey into the world’s oceans.  Dive deep to the ocean floor, ride the currents, and take part in an interactive experience!
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Edible Aquifer

Based on an activity from the Audubon Louisiana Nature Center

Objectives: To understand the basic structure of an aquifer, how contaminants can enter an aquifer and how they can be drained by use.

National Science Education Standards:
Grades K-4 C, E, G







Grades 5-8 C, E, G







Grades 9-12 E, G
NC Standards:
Grade 5 Science 1.06, 1.07



      
Grade 6 Science 7.04, 7.05



      
Grade 8 Science 3.02, 3.07, 3.08



      
Grade 9-12 Earth and Environmental Science 4.04

Ocean Literacy Standards: Principal 4 and 6

Vocabulary: Aquifer, point and non-point pollution

Background:



Aquifers are underground layers of water-bearing permeable rock (gravel, silt, or sand) from which a usable amount of water can be removed using a well. Water in aquifers is referred to as groundwater. Aquifers do not have to contain freshwater but those we are most interested in do. Aquifers are defined as confined or unconfined. Confined aquifers have the water table above their upper boundary, and are usually contained by a layer of impermeable substrate, such as clay. Unconfined aquifers have the water table as their upper boundary. Many areas around the world depend on aquifers as their freshwater resource. Aquifers can be recharged by precipitation or streams/rivers but they are vulnerable to overuse (more water being taken out then precipitation can replace). Another potential problem for aquifers is non-point source pollution. Non-point source pollution is pollution that doesn’t come from a specific source such as a factory. Examples include oil stains in parking lots, pet waste into storm drains, etc. As these pollutants enter the environment they are drawn into aquifers, which can lead to contamination of useable freshwater and potentially an area’s drinking water. Examples of some aquifers include Edwards Aquifer in Texas or Mahomet Aquifer in Central Illinois. 

Materials:

· Clear plastic cups, straws

· Crushed ice

· Soda

· Ice Cream

· Colored sprinkles and sugars

· Food Coloring

· USGS Water Science for Schools

· http://ga.water.usgs.gov/edu/earthgwaquifer.html
Procedure:

1. Have students fill a clear, plastic cup 1/3 full with crushed ice (this represents gravels and soils).

2.  Have students add enough soda to just cover the ice (soda represents water).

3. Have students add a layer of ice cream to serve as a “confining layer” over the water-filled aquifer.

4. Have students add more crushed ice on top of the confining layer.

5. Have students add colored sprinkles and sugars (which represents soils) on top of the crushed ice to create the porous top layer of the ground.

6. Have students add food coloring to the soda. The food coloring represents different types of non-point source pollutants. What happens when you add them to your system?

7. Using a straw, have students drill a well into the center of their aquifer. 

8. Have students slowly begin to “pump” the well by sucking on the straw. What happens to the water (soda) level and also the pollutants (food coloring)?

9. Have students recharge their aquifer by adding more soda. This represents precipitation (rainfall or snow melts).

Assessment: Use the extension questions as your assessment. One point per question. 

Extensions:

Use the following questions as in-class discussion or homework.
1. What is the difference between point and non-point pollution? Which was the food coloring?

2. Name three types of contaminants from your home that could get spilled onto the ground?

3. What would happen to an aquifer in areas with a long lasting drought? If several wells where put into the area?

4. What effect do polluted streams, lakes and groundwater have on the oceans? 

5. How much of the planet’s water is actually useable, freshwater such as aquifers?

Additional Resources:

1. The United States Geological Survey is an excellent resource for information on aquifers. This information can be accessed at http://ga.water.usgs.gov/edu/earthgwaquifer.html
2. For more information on aquifers go to http://en.wikipedia.org/wiki/Aquifer
Melon Oceans

Objectives: Students will learn where the four main oceans are and how they are all interconnected. They will also be introduced to the newly designated Southern Ocean. 

National Science Education Standards:
Grade K-12 E, G
NC Standards:
Grade K Science 3.05



      
Grade 5 Science 1.01



      
Grade 8 Science 3.02, 3.03
Ocean Literacy Standards: Principal 1 and 6

Vocabulary: none

Background:



Earth has many interesting features but its uniqueness comes from the oceans. Earth has four commonly known oceans, which include the Pacific, Atlantic, Indian, and Arctic. In 2000, the International Hydrographic Organization named a new ocean. This new ocean, the Southern Ocean, is a combination of areas from the Pacific, Atlantic, and Indian oceans. It is found from the coast of Antarctica north to the 60 degrees south latitude. Along with oceans, the Earth has approximately thirteen seas. Seas are parts of an ocean that are partially enclosed by land. Examples include the Caribbean and Mediterranean Seas. Each ocean and sea has its own physical characteristics that make it distinct. They differ in surface area and in depth as well as chemical and biological makeup. Even though we commonly separate the oceans into these very distinctive areas, there is really only one World Ocean that is all connected. The separation mentioned above is actually various ocean basins or areas of the one common ocean. 

Materials:

· Honeydew or other melon with a smooth surface (1 per group or student)

· Permanent markers

· Copy of a world map (www.nationalgeographic.com/mapmachine/)

Procedure:

1. Give each student or team a melon, markers and a copy of the map. 

2. Have students draw the continents onto the melon and label each continent. 

3. Have students label the four main oceans (five if you want to add in the Southern Ocean).

4. Have students give each other directions to get from one location to another using only the oceans. 

a. Example: go from Southern South America to Italy

Go east into the Atlantic Ocean until you are half way to Africa, then go north in the Atlantic Ocean until you reach the top of Africa, then go east into the Mediterranean Sea 

Assessment: Use the extension questions as your assessment. One point per question. 

Extensions:

Use the following questions in-class discussion or homework (feel free to add/change the questions to better fit what you are teaching).

1. If you were a migrating whale how would you get from Alaska to Russia?

2. What is the best way to get to the Great Barrier Reef from Spain?

3. If you are in Japan and you wanted to dive with Great White Sharks in Africa what would be the most direct route?

4. How do scientists study ocean animal movements? 

5. What challenges do you think scientists face as they following migrating ocean animals such as whales? 

Another extension is to assign teams or individual students an ocean basin and have them do a 1-2 page report on its physical and/or chemical makeup and its unique characteristics. 

Additional Resources:

1) http://earth.google.com/ocean/
2) NOAA

Eggtastic Earth

Objectives: Students will learn the different layers of the Earth, how core samples are obtained and what information can be gathered from the data.  

National Science Education Standards:
K-4 A, F, G







5-8 A, F, G







 9-12 F, G
NC Standards:
Grade 6 Science 3.01, 3.03, 3.07



      
Grade 8 Science 5.01

Ocean Literacy Standards: Principals 6 and 7

Vocabulary: Core sampling, cores, crust, mantle, inner and outer core, continental plates, magnetic field

Background:

The internal structure of the Earth has been studied in many different ways. One method used started as a method of studying the ocean. This is called core sampling. By taking samples of the ocean floor, scientists were able to study its composition, geological history, and climatic information. Cores are taken from substrates that are solid enough to hold layers. 

The ocean’s surface is made up of a very thin layer of the Earth’s crust. Generally the crust under the ocean is only about 5 km thick while underneath the continental plates it can reach an average thickness of 30 km. The Earth’s crust is very brittle and can break. Underneath the crust there is a dense, hot layer of semi-solid rock called the mantle. The deeper into the Earth one goes the higher the pressure goes and the hotter it gets. At the center of the Earth there is the core. The core is actually broken down into two parts, the inner and outer core. The outer core is liquid and spins. This spin gives the Earth its magnetic field. The inner core is compressed into a solid due to the extreme pressure.  

In this activity, students will be taking a core sample of their egg, which represents Earth. Currently there is no technology that would let us take a core sample of the entire Earth but with this activity students get an idea of how core samples are taken as well as learn about the different layers of the Earth.  

Materials:

· Hardboiled eggs with shells on
· Rigid straws (clear)

· Globe

Procedure:

1. Explain/describe what each layer of the Earth consists of (crust, mantle, inner and outer core). 

2. Give students an egg, straw and have them gently roll their egg until the shell cracks (do not peel). The cracks represent the plates of the Earth. 

3. Have students gently push their straw (core sampler) into the egg until they reach its center or core. Carefully pull the straw out with the core sample in the straw. 

4. Have students sketch their sample with the different layers and label them. Remind them their egg is the Earth and they need to use those labels. 

5. Have students go over ideas for how we could really reach the core of Earth. Put ideas on the board and see what they come up with. Remind them that the deeper you go the hotter it gets and the more pressure there is. 

Assessments: you can assess this activity in a couple of ways. 

1) Grade the students’ ability to obtain a sample (2 points), sketch and label (2 points), and participation in classroom discussion (1point). 

2) Have them do the extension questions as homework and have each question be worth 3 points. 

Extensions:

Use the following questions as in-class discussion or homework.
6. Name two geological phenomena that occur on Earth because of the weakness of the Earth’s crust?

7. Where is the Earth’s crust at its thickest?

8. What would happen if the outer core stopped spinning? 
Additional Resources:

1. The United States Geological Survey is an excellent resource for information on the structure of the Earth and plate tectonics. This USGS page can be accessed at http://www2.nature.nps.gov/geology/usgsnps/pltec/pltec1.html#crust 

2. For more information on core sampling go to http://en.wikipedia.org/wiki/Core_sample
Oreo Tides

Objectives: Students learn about the different phases of the Moon and the influence that the Moon and the Sun have on tides. 

National Science Education Standards:
Grade K-4 A, E, G




    


Grade 5-8 A, G




     


 Grade 9-12 B, G

NC Standards:
Grade 3 Science 3.02, 3.05



      
Grade 5 Science 3.06



      
Grade 6 Science 5.01, 5.03

Ocean Literacy Standards: Principal 1 and 6

Vocabulary: Spring tides, neap tides, tides, new/crescent/half and full moon

Background:

The Moon’s gravity exerts a gravitational force on the Earth’s oceans causing the water to bulge towards the moon. Due to the Earth’s rotation there is a matching bulge on the opposite side of the Earth as well. As the Earth, Sun and Moon orbit each other, the Sun and Moon occasionally line up in a straight line. When this occurs the gravitational pull of the Sun and Moon add together causing higher than normal tides. These tides are called spring tides. However, when the Sun and Moon are perpendicular to each other their gravitational pulls cancel each other out which leads to neap tides (tides that are not drastically high or low). 

The Moon’s effect on the oceans is a constant but the Moon’s appearance is not. The Moon’s appearance is dependant on how much of its surface is illuminated by the Sun. When half of the Moon is illuminated we have the full moon phase. When the side of the Moon facing us isn’t illuminated by the Sun we get the new moon. The different moon phases include new, crescent, half, and full. 

Materials:

· Paper plates (2 per student)

· Cake frosting

· Bite sized Oreo cookies (5 per student)

· Oranges (1 per student) 

Procedure:

1. Give each student a plate, four cookies, some frosting and one orange. A knife or fork would help spread the frosting. 

2. Have students write a large E in the center of their plate to signify Earth.

3. Have the students glue (using frosting) Oreo cookies onto a plate after creating the different phases. 

a. A whole cookie represents the new moon phase

b. A bite out of the top half of the cookie will give you the crescent moon phase

c. Take ½ of the top off to give the half moon phase  

d. Take all of the top off to give the full moon phase

Now that students know the phases, introduce the Sun (orange) into the mix.  

4. Have students make another plate with the E as Earth and one Oreo for the Moon (any phase). 

5. Now move the Sun (orange) into a position that has the Moon, Earth and Sun in a line. Put a plus sign on the plate next to the moon to show that their gravitational pulls are adding together. 

6. Then move the Sun perpendicular to the Earth and Moon and put a negative sign there to show that their gravitational pulls are canceling each other. 

7. Explain that spring tides are higher than normal when the Earth, Moon, and Sun lineup. Then explain that neap tides are when the Earth, Moon, and Sun are perpendicular. 

Assessments: You can do assessments in a couple of ways. 

1) Give 5 points per plate activity for a total of 10 points

2) Have students do extension questions as homework. Each question is worth 3 points. 

Extensions:

Use the following question as in-class discussion or homework. 
1. If the Moon and Sun were the same distance from Earth which would have more effect on the tides? Why? 

2. Does the phase of the moon make any difference on the Moon’s effect on tides?

3. Why do some areas have very large differences in their low and high tide while others have very little difference? (Example Bay of Fundy vs. Gulf of Mexico)

Additional Resources:

1. For more in-depth information on tides go to http://csep10.phys.utk.edu/astr161/lect/time/tides.html
2. For information on specific area’s tides go to http://tidesonline.nos.noaa.gov/geographic.html
Surface Currents: the Gulf Stream

Objectives: 

1. To set up a scale model of the South Atlantic Bight shoreline and sea floor morphology, including the Charleston Bump.

2. To identify and predict meanders, filaments, and eddies in surface current patterns. 

3. To apply Gulf Stream sea surface temperature images from remote sensing satellites to identify meanders, filaments and eddies in the temperature trace of the current surface.

4. To use the web-based technology of interactive mapping model from coastal ocean observing systems (SEACOOS.org)  to observe the dynamic nature of the Gulf Stream in different seasons or over short periods of time, e.g., before and after storm events. 

National Science Education Standards: Grades 6-8: Science as Inquiry:  Content Standard A: Ability to do science inquiry and Understanding about scientific inquiry. Earth and Space Science Content Standard D:  Structure of the earth system. Science and Technology:  Content Standard E:  Understandings about science and technology. Grades 9-12: Science as Inquiry:  Content Standard A: Understanding about scientific inquiry. Earth and Space Science:  Content Standard F:  Energy in the earth system
NC Standards: Grade 8 Science 3.01, 3.02, 3.03, 3.06



   Grade 9-12 Earth and Environmental Science: Unit 5



   Grade 9-12 Biology: Unit 5

Ocean Literacy Standards: Principals 1, 3, and 6

Vocabulary: 


Currents, Westerlies, Gulf Stream, Coriolis Effect, Meanders, Eddies, Filaments, Bathymetric/bathymetry 
Background:


Ocean currents transport water over long distances and to great depths.  Currents flow in complex patterns driven by: 1) Wind created by atmospheric pressure differences originating from the sun’s energy; 2) Density differences controlled by the water’s temperature and salinity; 3) The pressure gradient caused by differences in sea surface height; and (4) output from river or bays. Currents are also affected by bottom morphology and the earth's rotation.  


Surface currents are driven by wind and only extend to depths where wind-derived energy can penetrate, usually the upper 200 m, but up to 1000 m.   Deep currents are formed when dense, cold water sinks and flows in a layer close to the bottom.  Most deep currents are driven by the cooling and sinking of ocean water in polar regions.  Deep currents are an important component in long term climate change.  Since the air above a current is either warmed or cooled by the water, currents have an important effect on the climates of nearby land areas.  


Friction between the wind and the water sets surface currents in motion. The winds that drive surface currents are the Westerlies that blow west to east at 40 degrees to 50 degrees latitude and the trade winds that blow east to west at 20 degrees latitude.  These winds force large volumes of water westward toward the continents where they “pile-up” and flow northward along the margins of the continents.  Surface currents occur in near shore waters with average depths of 200-1000 meters. Current flow is shaped by the Coriolis effect, gravity and the shape of the shoreline and bottom features. As the earth rotates, both air and water currents are deflected to the right (clockwise) in the Northern hemisphere—Coriolis effect.  These deflected currents become western boundary currents such as the Gulf Stream.  


The Gulf Stream System is a major surface current in the northern Atlantic Ocean.  Warm water flows from the Equatorial region to form the Gulf Stream System. The Gulf Stream System (GSS) begins in the Caribbean Sea and ends in the North Atlantic Ocean.  Many segments make up the GSS: the Caribbean Current and Yucatan Current feed the Loop Current in the Gulf of Mexico.  The Loop Current and Antilles Current join to be the Florida Current, which stretches from the Florida Straits to Cape Hatteras, NC and becomes known as the Gulf Stream.   Near Cape Hatteras, the current moves offshore and persists to the Grand Banks, southeast of Newfoundland, Canada, where it flows eastward away from the coast and splits into multiple branches, one of which feeds the North Atlantic Current.


Surface circulation patterns, for example in the Gulf Stream and coastal waters, often show meanders, reminding one of winding rivers. Meanders are commonly caused by deflection from seafloor morphology and/or projections of the shoreline. Another cause is the strong differences in strength of the flow within the current itself. If the flow in the main current becomes so curvy that it cuts off a meander, an eddy is formed.  The central core of the eddy contains non-current water, which can be warmer or cooler than the current water. 


The science and operations of coastal ocean observing systems bring new information about surface circulation.  Data gathered from buoys, towers and remote sensing instruments provide scientists with valuable information about currents, such as the sea surface temperature (SST) which is often used in the prediction of the paths of hurricanes.  Land-based high frequency radar instruments (CODAR, WERA) send and receive signals, which deflected from waves.  The Doppler effect enables scientists to model the speed and direction of coastal currents.  


Society benefits from current research because better information yields better search and rescue methods, improved tracking of oil spills and other pollutants, and greater knowledge about severe weather, such as hurricanes. Understanding currents allows ships to take the most efficient path to save fuel or to set up a winning route in a sailboat race.  Fishery scientists can incorporate the larval distribution of fish into better management plans. 

Materials:

· Plastic container (sweater box size) or large cookie baking pan with 1” edges

· Plasticine (modeling) clay

· Rheoscopic fluid  (Convection Fluid, Carolina Biological Catalog # GEO8450, $17.35 or Pearl Swirl Fluid, Steve Spangler Science #WSRL-100, $6.95) or food coloring and water.
· Drinking straw 

· Non-permanent marking pens
· Notebook
· Laminated images and maps for each group of students 

· Appendix A:  satellite image of the South Atlantic Bight Sea Surface Temperature (SST)   

· Appendix B(a):  Bathymetric map of the SAB (South Atlantic Bight)

· Appendix B(b):  Bathymetric map of SAB – Charleston Bump

Clean Up Materials:

Turkey baster or funnel and bottle, which contained fluids

Plastic bags to store used clay

Paper towels

Procedure: Work in groups of 3-5.  
Part One: Set up model and make observations of a surface current

1. Use the laminated bathymetric maps of the SAB and non-permanent marking pens. 

a. Label the continental shelf, shelf break and continental slope

b. Circle the Charleston Bump.  

c. Note any other major morphological features you see on the sea floor that might have an effect on currents.

2. Create a model of the SAB sea floor morphology in your container with the clay.   The clay layer should be thin-- no more 1-2 inches thick at the most.  Your model should show the shoreline from Cape Hatteras, NC to Cape Canaveral, FL and include features of the continental shelf, the continental slope and the Charleston Bump.

3. Pour sufficient, if needed diluted, solution of Rheoscopic Fluid (or water to which you added food coloring) over your model to a depth, which just covers the Charleston Bump.

4. Use a drinking straw to create a gentle “wind” blowing from the south to start a current, running along the shoreline.  

5. Carefully observe the current(s) you created.  Record and illustrate your observations on the current patterns that develop in your notebook. 

a. Describe the movement of your current.  If you observed any meanders and eddies in the current, identify where they occurred?  

b. Were there morphologic or bathymetric features under the meander or eddy? 
c. Illustrate the circulation patterns affected by the shoreline or over the Charleston Bump. 

d. What happened to your current when the velocity or speed reduces—up towards the north or top of your container?

e. Record your illustrations in the analysis/observations.
6. Clean up procedure: 

a. Return the Rheoscopic Fluid to the container, using turkey baster or funnel.  

b. Dry the clay with a paper towel, then remove it from the container.  Roll the clay into a ball and store it in a plastic bag.

Part Two:  Determine Gulf Stream patterns from sea surface temperature (SST) images:

Obtain a laminated copy of a color satellite image of sea surface temperature of the South Atlantic Bight (Appendix A) and with a non-permanent pen, mark the following:  

a. Warm water position

b. Cool water positions.

c. Western Border of the Gulf Stream and note any circulation patterns of interest--curves, filaments or eddies.  

d. Outline any cool water currents and note any interesting curves or eddies.

e. Follow the warm water towards the north, mark where it goes.

Observations and analysis:

1 Compare what you observed from your model to the SST image of Gulf Stream.  

a. Record your observations on the current patterns from your model. 

b. Record any correlations between the surface current patterns to seafloor morphology in your model?

2. Describe the movement of your current patterns—meanders, filaments, eddies? 

a. Illustrate (draw) the patterns created by the shoreline and around the Charleston Bump.  What are these patterns called?

b. Were there morphologic or bathymetric sea floor features under the

      meander or eddy?

3. What does remote sensing image show about surface currents? Describe how your simulated currents compared with the SST image?  

4. How do you think scientists might use information about the Gulf Stream circulation?

5. How do you think humpback and right whales use currents near the South Atlantic Bight? 

6. How would US Coast Guard Rescue teams or other people use information about circulation?

Conclusions:  Explain the influence of seafloor morphology on surface current patterns?

Assessments: Grade teams’ ability to do experiment and their recordings/observations=5 points. Part two map marks are worth 5 points and the observations are worth 1 point per question. 

Extensions: 
1) Have students research how the Gulf Stream changes over the seasons
2) Visit the Aquarium’s Oceans Revealed exhibit for programs on weather, currents, etc. 
 

Additional Resources:

1) “Flowing Ocean” poster and the web-based Virtual Circulation Classroom. Check the website for poster availability and lessons. (SEACOOS.ORG)   

2) Check the websites for DLESE( http://www.dlese.org/library/index.jsp) and the  Bridge (http://www.vims.edu/bridge/)  for other educational  lessons.


This activity modified for COSEE SE by Lundie Spence, Margaret Olsen, and Katie Greganti.  10-25-06. Please direct 
comments to Lundie.spence@scseagrant.org.

Appendix A

Satellite image of the South Atlantic Bight Sea Surface Temperature (SST)

Image provided by Jim Nelson, Skidaway Institute of Oceanography
[image: image1.jpg]



Color copies available on line at: http://seacoos.org/Community%20and%20Classroom/currents-classroom/sab-activity#appendices
Appendix B (a):  Bathymetric map of the SAB
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Color copies available on line at: http://seacoos.org/Community%20and%20Classroom/currents-classroom/sab-activity#appendices
Appendix B (b):  Bathymetric map of SAB – Charleston Bump
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Shark Detectives

Objectives: To introduce students to whale sharks and their feeding habits, the concept of food webs, plankton and interdependency. Students use analytical skills to solve the mystery of the whale shark population decline. 

National Science Education Standards: The standards that are met include A (Earth and Space Science), C (Life Science), E (Science in Personal and Social Perspectives), and G (Sciences as Inquiry).  
NC Standards:    Grade 4 Science 1.01



    Grade 5 Science 1.02, 1.05, 1.07



    Grade 6 Science 7.03



    Grade 8 Science 3.03

Ocean Literacy Standards: Principals 1 and 5

Vocabulary Words: El Niño, Upwelling, Plankton
Background:


Plankton, which is the basis of all marine food chains, consists of two main groups. Phytoplankton (plant plankton) and zooplankton (animal plankton) are found throughout the ocean but most concentrations are near the surface since phytoplankton undergoes photosynthesis and therefore needs the sun.  Zooplankton eats phytoplankton, fish eat the plankton, and other animals eat the fish and so on.  However, some of the largest animals such as blue whales and whale sharks eat plankton as well.  Since plankton needs the sun and other nutrients such as nitrogen, large aggregations of plankton are frequently found in specific areas of the oceans.  Nutrients from the land increase the amount of plankton found along coastlines. Areas with upwelling also have increased amounts of plankton due to the cold, nutrient rich water that comes from the ocean’s depths. 


In the ocean, when organic matter dies, it sinks and decomposes.  When that happens, nutrients that plants need such as nitrate and phosphate dissolve and are relatively inaccessible to plants. Upwelling brings these nutrients to the surface and makes them available to plankton. Upwelling occurs when winds push warm water away from the shore allowing the colder water underneath to surface bringing up its nutrients.   Major areas of upwelling include the west coast of North and South America, Southern and Northern Africa.  These areas are associated with strong currents such as the California, Peru, Benguela and Canary currents (Canright 1998).   However, in years when El Niño is occurring upwelling is negatively affected. In normal years, trade winds push the warm surface waters into the western Pacific, which allows upwelling to occur.  During El Nino years, these trade winds relax resulting in higher sea temperatures and less upwelling. Without upwelling to bring the nutrients to the surface for plants to use, fewer phytoplankton are producing which leads to a decrease in primary productivity (NOAA/TAO Project, no date). This reduction in productivity will affect all organisms but animals that are dependant on large amounts of plankton could hypothetically see enough of a decrease in food availability to show symptoms of starvation. 


In this activity, there is a hypothetical connection between the El Niño cycle, plankton, and the whale shark populations.  Since El Niño warms up sea surface temperatures and decreases the amount of upwelling the overall hypothetical effect is that there is less plankton available (whale sharks main food source) and the sharks are starving.  Whale sharks are the world’s largest fish and the largest shark. They can reach a maximum of 20m and have been estimated to reach 60 years in age.  Their color is often referred to as grayish or bluish with creamy white spots located between pale horizontal and vertical stripes. They do not reach maturity until they are over 9m in length.  They are known to prefer warmer waters and are often found in areas of high productivity since they feed on a variety of planktonic animals. They are able to suck in their food, which allows them to collect more plankton then just filtering. Whale sharks are frequently seen at the surface, usually vertically or near vertical, since that is where large groups of plankton are found.  Whale sharks are livebearers and can have ~ 300 babies at each birth.  These sharks are considered harmless to humans and are listed as vulnerable with the International Union for Conservation of Nature and Natural Resources (IUCN). (Knickle and Martins, no date).


Students use clues and mapping to try to figure out what is happening to whale shark populations. Some of the included clues were unhelpful or would lead to incorrect conclusions.  This was done on purpose because in science not all data that is collected will be useful.  Number 8 is an unhelpful clue due to the fact that a shark attack on one shark would not lead to a population problem. Number 1 is misleading since it could direct the students towards illness or infection. Other clues have neither a positive or negative effect they simply offer more information such as number 5, 9, and 12. 

Materials: each group gets a set of materials 
· All 10 clues 

· Map of where sharks have been washed up 

Procedure: Using the whale shark as the animal under investigation turn your students into detectives.  They are responsible for trying to discover what is happening to the whale shark population and why so many of them are dying.  

1) Give students information on whale sharks, divide them into teams of 3-5, have them name their “detective agency” and list on board. 

2) Brainstorm as a class for why the sharks might be dying and list the ideas under the heading of suspects.  

3) Give each team the student worksheet (clues, map, and questions)

4) Have each agency (team) list their conclusion and present why they came up with that answer. Also, discuss which clues where beneficial or not and why. 

5) After discussion, let them know the correct answer. 

6) Go over the follow up questions. Following are the answers: 


 1) a. Excess nutrients: when access nutrients are available phytoplankton would 
be able to increase their output, which could lead to a bloom of plankton.  Blooms 
can provide more food for other animals.


b. Only the adults are affected: If only the adults are dying that means that all the 
mature individuals in the population are being removed.  A decrease in the 
number of reproductively able individuals will reduce the number of pups that are 
born in the future, which could lead to a decrease in whale shark populations for 
the near future. 

2) Other shark populations could also show an affect if plankton is increased or decreased.  Plankton is the basis of the food chain so if plankton increases there will be more food available for primary and secondary consumers.  Having more food available can increase health and could increase the reproduction rate, etc.  A decrease in plankton could have the opposite effect. 

3) This answer will be dependant on the agency but you would want to see if they started with their hypothesis, their experiment makes sense, and that they had used what they had learned in their design. 

Assessment Tools: Once the students start the activity there are a variety of ways to assess the students.  They can be measured on how well they work as a team, their ability to logically present and support their conclusion, and once the activity is done they can be graded on their answers to the discussion questions. 

Extensions: see follow up questions

Additional Resources:

1) El Nino Educational Websites 
http://www.elnino.noaa.gov/edu.html
2) Make your Own El Nino Activity—teaches about El Nino and upwelling


http://sealevel.jpl.nasa.gov/education/make-your-own-el-nino.html
3) National Geographic’s “The Sharks” available from amazon.com

4) Florida Museum of Natural History 


http://www.flmnh.ufl.edu/fish/Gallery/Descript/Whaleshark/whaleshark.html
5) Canright, Anne. 1998. Ocean Upwelling: So Cold, So Rich With Life. California Coast and Ocean ISSN 1052-5823.

6) NOAA/TAO Project (no date). Retrieved from the What is El Nino? website in September 2004: http://www.pmel.noaa.gov/tao/elnino/el-nino-story.html

7) World Map (no date). Retrieved from the World Atlas website in September 2004: http://worldatlas.com/aatlas/worldant.htm 
8) Craig Knickle & Carol Martins (no date). Retrieved from the Florida Museum of Natural History website in September 2004: http://www.flmnh.ufl.edu/fish/Gallery/Descript/Whaleshark/whaleshark.html

Students: Solve the Case!!

The Case: Whale sharks have been mysteriously washing up on beaches and fewer sharks are being seen in the wild.  Scientists are very concerned since they cannot seem to find any reason for the problem.  Your case is to take the clues they have gathered and see if your agency can figure out a possible reason. 

Materials: each group gets a set of materials 

1) All 10 clues 

2) Map of where sharks have been washed up

Time Needed: ~1 hour

Directions: 

1) Decide on a name for your “detective agency” and have your teacher list it on the board. 

2) Read over the provided clues and look at the map. Decide which clues seem to be the most helpful to your agency and discard any clues that seem to be misleading. On the clues your agency discards write the reason for discarding them. 

Example: The clue—the shark was found in the air. Reason—sharks don’t live in the air so this clue doesn’t make sense. 

3) With the remaining clues and the map come up with a hypothesis (educated guess) for why the whale sharks are dying. 

4) Present your agencies hypothesis to the class and the reasoning behind it. 

5) After all the agencies have gone, your teacher will be able to tell you which agencies where correct and why. 

6) Discuss the clues that were discarded and see if everyone had similar reasons for getting rid of them. 

Follow Up Questions: 

1) What would happen to the whale shark population if excess nutrients were added to the oceanic system?  If only the adult whale sharks were dying?

2) What would happen to other shark populations if the plankton population increased or decreased?

3) How would your agency test your hypothesis regarding the cause of the whale shark problem?
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Clues:

Clue 1: Shark 1 and 6 had skin lesions on their entire body. Each lesion was puss filled. This is suggestive of some type of infection. 

Clue 2: Weight of all sharks that have been found has been below the average weight for whale sharks.  

Clue 3: Fish populations off the coast of Ecuador have drastically declined in numbers over the past season.  

Clue 4: Average water temperatures of the ocean have been warmer than normal, especially along the coast of South America.  

Clue 5: Iron and other mineral levels are normal. 

Clue 6: Hunting rates for sharks have not risen—hunting has been stable with no large spikes.  

Clue 7: There have been no major pollution events such as oil spills, etc. --- water qualities are relatively normal.  

Clue 8: Autopsy for Shark #3: This shark was found in Australia and shows signs of attack.  

Clue 9: Fewer whale sharks have been sighted feeding in ocean waters.  

Clue 10: Juvenile sharks have appeared stunted in development and growth. They also are showing signs of illness.  

Clue 11: This is an El Niño year. 

Clue 12: Whale sharks are found from the equator to +/- 30-40 degrees latitude.  

Clue 13: Whale sharks have washed up on the coast of Ecuador, the western coast of Mexico, the coast of Brazil and Venezuela, off the coast of Africa and Madagascar, and also off the coast of Australia.  

Cooling Clouds
Objectives: Students will understand how clouds fit into the water cycle and why particular areas of the world have more rainfall than others.
National Science Education Standards:  A: K-4: properties of Earth’s materials



 5-8: structure of Earth’s system



 9-12: geochemical cycles



B, G

NC Standards:  Grade 5 3.01
Ocean Literacy Standards:  Principle 3 and 4

Vocabulary Terms:  water cycle, evaporation, water vapor, condense, particulates

Background: The water cycle is the repeated movement of water around the planet, distributing fresh water across the globe.  The sun-warmed water from the ocean evaporates into the air.  As the water vapor rises, it encounters cooler air the higher it goes.  The cooler conditions cause the water vapor to condense, forming tiny water droplets, typically around a piece of dust, salt, or other particulates.  When enough of these droplets form, a cloud is produced.  As more and more water droplets are formed, they start grouping together.  Eventually they reach a size that cannot stay suspended in the air and they fall to the ground as rain.

The rest of the cycle continues as the rain puddles up and moves in creeks, streams, and rivers back into the ocean.  The focus with this experiment is to see how those clouds form when water reacts to being heated and cooled.

Materials: 

· One large or several smaller glass jars, with metal lids, the taller the better

· Warm water, preferably 90˚+

· Ice

· Matches

· Black paper, as a backdrop

· Sun lamp, optional

Procedure: 

If using several smaller glass jars, break the students up into groups of 3-4, so they will all be better able to see the results.  

1. Fill jars with warm water and let sit, open, for several minutes, so that glass warms.

2. Turn metal lids upside down and fill with ice.

3. Empty jars, so that only about an inch of water is left in the bottom.  Prop black paper behind the jar.

4. Light a match and drop into the jar.  Cover it immediately by setting the ice-filled lid on top.

5. Watch through the glass, with the black paper behind, and see what happens.  A cloud should form!

Optional experiment to do before starting previous experiment:

1. Fill jar with one inch of room temperature or cooler water.  Either record the temperature with a thermometer or have all the students feel the water.

2. Set up a sun lamp so that it shines directly on the water and let sit until it reaches at least 90˚.

3. Take the temperature of the water again.  Use that water to begin the previous experiment at step 2. 

Assessment: Evaluate the students understanding of what happened in the experiment with the Extension questions (2 points each) and how well they worked together (3 points).

Extensions: 

Use the following questions for in-class discussion or homework:

1. Draw a diagram of the jar, with the water, cloud, and ice, and label each with what they represent in the natural world.

2. Why was the match necessary to create the cloud?  What in our environment is the match representing?

3. If the sun were not present to warm the ocean, would we still have a water cycle?

4. How do the clouds that form over the ocean bring water to the land?

Additional Information:

1. For information on the water cycle and water distribution:
http://ga.water.usgs.gov/edu/watercyclehi.html

2. For basic water information:
http://www.epa.gov/kids/water.htm

3. For an animated water cycle:
http://earthguide.ucsd.edu/earthguide/diagrams/watercycle/

Stormy Waters

Objective: Students will understand the elements of creating a hurricane and what can cause these major storms to dissipate.

National Science Education Standards: A, B
NC Standards:  Grade 7 3.05-3.06

Ocean Literacy Standards:  Principle 3

Vocabulary Terms:  hurricane, typhoon, cyclone, humidity, wind shear, air pressure, storm surge, Saffir-Simpson Scale

Background: Tropical storms occur across the world’s oceans, but are split into three names based on their location: typhoons in the western Pacific Ocean, cyclones in the Indian Ocean, and hurricanes in the Atlantic or eastern Pacific Oceans.  Despite their different names, all these storms begin the same way.  They start out as a disturbance in the atmosphere over the ocean, with rising and falling air.  They gain power while over warm water, becoming more organized with strengthening thunderstorms and faster wind speeds.  Though scientists aren’t sure exactly what causes certain disturbances to become major storms, they know there are some factors that lead to their formation: warm ocean water, high humidity, and little wind shear.  If conditions are favorable, the intensification can increase into tropical storm stage and beyond.  

Once a storm develops, meteorologists determine its strength using several characteristics: wind speeds, air pressure, storm surge, and rainfall.  The Saffir-Simpson Scale, though recently modified to only consider wind speeds, is the most used way to classify storms.  For our purposes, we will use the previous version of the scale, including the air pressure and storm surge.  The categories are defined as follows:

Storm Strength
Wind Speeds

Air Pressure

Storm Surge

Tropical Depression
0-38 mph
      --
 -

Tropical Storm
39-73 mph

      --


 --

Category 1
74-95 mph

980+ mb
4-5 ft

Category 2
96-110 mph
965-979 mb
6-8 ft

Category 3
111-130 mph
945-964
9-12 ft

Category 4
131-155 mph
920-944 mb
13-18 ft

Category 5
156+ mph
<920 mb
18+ ft

Materials:

· Pen/pencil

· Worksheet

· Saffir-Simpson scale

· Sea surface temperature map

Procedure:   
1. Print out sea surface temperature maps for students to consult while using the provided worksheet.  Current maps for worldwide sea surface temperatures can be found at: http://www.osdpd.noaa.gov/ml/ocean/sst/contour.html
2. Make a copy of the Saffir-Simpson Scale available to students.
3. Grade the papers in class, discussing the answers as you go.  Answers are as follows:
1. The exact location is dependent on the maps of the current temperatures.  The warmer waters should be indicated.
2. Unfavorable: not enough humidity, high pressure, too windy
3. Unfavorable: SST too low
4. Favorable: SST high, low pressure, low winds
5. Unfavorable: too windy
6. Category 2
7. Category 4
8. Tropical Storm
Assessment: Evaluate the students based on their answers (2 points each).

Extensions:  Use the following for in-class discussion or homework:
1. If warm waters are necessary to create tropical storms, will a warming planet affect the number or strength of storms experienced?  How?
2. What happens to storms when they make landfall?  Can they maintain their strength?
3. Are tropical storms or tornadoes more powerful?  Explain your reasoning.
For More Information:

http://www.srh.noaa.gov/mob/tropical.shtml
http://www.ncdc.noaa.gov/oa/climate/severeweather/hurricanes.html
http://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/hurr/home.rxml

Stormy Waters Worksheet

Name: ________________________________________________________________________

1.  Using the provided sea surface temperature (SST) map, list the areas that you would predict a tropical storm to develop.  

____________________________________________________________________________________________________________________________________
For the next several questions, look at the provided conditions and determine whether or not they are favorable for producing a tropical storm.  Circle your answer and explain your reasoning.

2.   SST:  87º F







Humidity: 55%

Air pressure: 1031 mb


Favorable


Unfavorable


Winds: 20-30 mph



Why? _____________________________

3.   SST: 72º F 

Humidity: 89%

Air pressure: 993 mb


Favorable


Unfavorable

Winds: 10-15 mph



Why? _____________________________

4.   SST:  89º F 

      Humidity: 77%

      Air pressure: 999 mb


Favorable


Unfavorable

      Winds: 5-10 mph



Why? _____________________________

5.   SST: 85º F 


Humidity: 60%


Air pressure: 1012 mb


Favorable


Unfavorable


Winds: 30-40 mph



Why? _____________________________

For the next three questions, use the Saffir-Simpson scale to categorize each storm.

6.
Winds: 105 mph


Air pressure: 979 mb


Category: _________


Surge: 5-6 feet

7.
Winds: 155 mph


Air pressure: 920 mb


Category: _________


Surge: 16-18 feet

8.
Winds: 71 mph


Air pressure: 981



Category: _________


Surge: 1-2 feet  

Current Weather

Objectives: Students will understand how sea currents affect the weather of coastal areas by researching the weather of cities worldwide and determining the type of current that impacts that area.

National Science Education Standards:  A, E

NC Standards: Grades 9-12 Earth/Environmental Science 4.02

Ocean Literacy Standards:  Principle 3 and 4

Vocabulary: ocean current, Gulf Stream

Background: The weather of a locale is determined by a combination of factors, including latitude, altitude, and terrain.  Coastal areas have an added variable of the ocean and the currents that flow past.  The temperature of the water can heat or cool the surrounding areas, acting as a buffer to temperature changes in the atmosphere.  Based on their location, cities that would have warm temperatures may be cooler due to a cold water current passing by and cities in cold areas may have a higher temperature due to a warm water current.

Materials: 

· Map of the world (internet or otherwise)

· Map of ocean currents (http://en.wikipedia.org/wiki/File:Ocean_currents_1943_(borderless)3.png) 

· www.wunderground.com to check average temperatures

Procedure: 

1.  Individually, students find the following cities on a map and predict: 

· what you think the average temperatures would be based on its location

· what kind of ocean current you think would be found in the area

Cities:

San Francisco, CA
Hobart, Tasmania


Kodiak, AK 

Stanley, Falkland Islands


Boston, MA
Luanda, Angola


London, England

Praia, Canary Islands


Lima, Peru
Trondheim, Norway

2.  Using the weather website, look up the average annual temperatures for each city and compare with your predictions.  Were you correct?  Do you find any of the cities’ weather surprising?  Which ones?  Do you still agree with your prediction for the current type?  

3.  Using the ocean current map, find the current that influences each city and state whether it is a warm or cold current.

Assessment:  Use the student answer sheet to evaluate (1 point each).

Extensions:

Use the following questions as in-class discussion or homework.

1. Do ocean currents affect coastal weather in more ways than just temperature?

2. What two currents impact the North Carolina coastline?  Do they have an effect on our weather?

3. Is the Gulf Stream a warm or cold current?  What would happen to areas of western Europe if the Gulf Stream were to stop flowing past?

Additional Resources:

For more information on ocean currents and their effect on the world’s climate go to: http://www.montereyinstitute.org/noaa/lesson08.ht​​ml

For more information on ocean currents around the world:

http://oceancurrents.rsmas.miami.edu/

Current Weather Worksheet

Name: ________________________________________________________________________

1.  
Find each city on a map and predict what the average temperatures may be based on its location and what kind of ocean current you think would be found in the area.

      City


Average Temperature Prediction  
       Type of Current


San Francisco, CA
____________
_____________

Kodiak, AK 
____________
_____________


Boston, MA
____________
_____________


London, England
____________
_____________


Lima, Peru
____________
_____________


Hobart, Tasmania
____________
_____________


Stanley, Falkland Islands
____________
_____________


Luanda, Angola
____________
_____________


Praia, Canary Islands
____________
_____________


Trondheim, Norway
____________
_____________

2.  
After checking the average temperatures for the cities, how many of your predictions were correct? _______________________________________________________________________

     
Are you surprised by any of the cities’ real-world temperatures?  Which ones? ​___________

​



__________________________________________________________________________

Do you still agree with your predictions for the current type? _________________________

3.   Using the ocean current map, name the ocean current that affects each city and whether it is a


warm or cold current.

      City
         
   

Name of Ocean Current                          Type of Current


San Francisco, CA
____________
_____________

Kodiak, AK 
____________
_____________


Boston, MA
____________
_____________


London, England
____________
_____________


Lima, Peru
____________
_____________


Hobart, Tasmania
____________
_____________


Stanley, Falkland Islands
____________
_____________


Luanda, Angola
____________
_____________


Praia, Canary Islands
____________
_____________


Trondheim, Norway
____________
_____________
Phytoplankton Architects

Objectives:  Students will demonstrate an understanding of plant life requirements by designing a phytoplankton organism.

National Science Education Standards: C: Grades K-4: organisms and environments






Grades 5-8: structure and function of living things
NC Standards: Grade 3 Science 1.02, 1.03

Ocean Literacy Standards:  Principle 5

Vocabulary Terms:  phytoplankton, nutrients, carbon dioxide

Background:  Everyone knows what types of plants grow on land (trees, vines, grasses, etc.) because they are easy to see.  Not everyone realizes how much plant life is in the ocean, because the majority of it is microscopic, too small to be seen with just your eyes.  Phytoplankton is the most common form of ocean plant and can be found in all the oceans, but because it is so small, there usually has to be a large bloom before we notice it in the water.  

All plants require four things in order to survive and grow: sunlight, water, nutrients and carbon dioxide.  Plants on land are limited by water, but plants in the ocean are limited by sunlight and nutrients.  The ocean has plenty of space for phytoplankton to grow, but in order to survive it has to be near the surface to stay within reach of the light.  The different kinds of phytoplankton have different adaptations to help them stay close to the surface otherwise they would sink.  Some have tails they can wiggle to push themselves upward, others have projections, depressions, or complex shapes, and some group together to slow down their sinking.  Pictured here are some examples of phytoplankton:
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Materials: 

· Paper
· Pencil, crayons, markers
· List of plant requirements
Procedure:

1. Provide students with the listed materials. 

2. Show them examples of phytoplankton, so they have an idea of where to start from.

3. Using the provided worksheet, have students design their own phytoplankton and draw it.  They can be any kind of shape, but they don’t want to sink, so features that help them stay at the surface are best.

4. Have students describe how their own phytoplankton is kept from sinking.

5. Have each student present their design and reasoning to the class.

Assessment:  Evaluate the drawings by how well they meet the requirements of phytoplankton (3 points) and the creativity of the drawings (3 points).

Extensions: 
Use the following questions for in-class discussion or homework:

1.  What do you think phytoplankton would look like if it couldn’t sink?  Would they still have similar shapes?

2. Phytoplankton tends to be concentrated near land, especially near rivers.  Why are there higher levels there than in the middle of the ocean?  Do you think this would affect where you might find animals in the ocean?

3. Discuss reasons why phytoplankton is important to other forms of life both in the ocean and on land.

Additional Resources:

1.  For more information on phytoplankton and its satellite tracking visit:


http://oceancolor.gsfc.nasa.gov/SeaWiFS/TEACHERS/

2.  For more information on phytoplankton’s importance to the world visit:


http://earthobservatory.nasa.gov/Features/Phytoplankton/

Phytoplankton Architects Worksheet

Name: ________________________________________________________________________

Design your own phytoplankton and draw it here.

List reasons why you made your phytoplankton this way.  How will your design help it stay close to the surface?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Strings of Life

Objective: Students will understand the complex relationships between organisms in an ecosystem and how removing one can cause the breakdown of the entire food web.
National Science Education Standards:  C: 5-8: populations and ecosystems



E: K-4: types of resources, changes in environment




 5-8: populations, resources, and environments




 9-12: natural and human-induced hazards

NC Standards:  Grade 5 1.02, 1.04, 1.05

Ocean Literacy Standards:  Principles 5 and 6

Vocabulary Terms: food chain, food web, producers, consumers, herbivore, carnivore, omnivore, scavenger, decomposer, detritivore

Background:  All life on Earth is interconnected with each other based on what they eat.  Producers, essentially all plant life, create the foundation for the food chain.  Consumers, mostly animals, are organisms that cannot create their own food, and they are divided based on the type of food they eat. Herbivores are plant eaters and they form the next step away from producers.  Carnivores are meat eaters and they form the upper steps of the food chain.  Omnivores eat both plants and animals and can be found throughout the food chain.  Scavengers and decomposers, also called detritivores, are organisms that eat or breakdown other, already dead, organisms.  When organisms die, they become a part of the environment for producers to draw nutrients from, bringing us back to the start. Each of these linked together creates a food chain, where energy and nutrients pass between different levels.  
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Food webs are a combination of many different chains, all interconnected with each other.  Because most consumers eat more than one type of food, that food may be a part of several different food chains.  Food webs are found in all types of environments, from the land to the oceans.  We are going to focus on a marine food web for this activity. 

Materials: 

· 100 yards of string or yarn

· Space to spread out

· Scissors

Procedure: 

1.  Assign each student one organism from the following list:


algae, phytoplankton, zooplankton, jelly, krill, coral, conch, sea star, clam, capelin, tuna, dolphin, sea turtle, seal, cormorant, penguin, shark, killer whale, humpback whale

2.  Have students spread out around the room and remain standing.  Having the students hold the string, start connecting the types of organisms depending on who eats one another.  You can find a marine food web here: http://oceanworld.tamu.edu/resources/oceanography-book/marinefoodwebs.htm or http://oceanworld.tamu.edu/students/forams/forams_marine_food_web.htm


The web should be well interconnected.  Point that out to the students, showing how each animal has several different strings leading away from them.

3.  Once all the proper animals are connected, have the capelin sit down and pull on his strings.  When another student feels the pull on their string, they, too, sit down.  This continues until every animal is sitting down.  What happened to the web?  Starting with any of the other animals with bring you similar results.

Assessment:  Use the Extension questions to evaluate student’s understanding of food webs (2 points each).

Extensions: 
Use the following for in-class discussion or homework:

1. What else do plants need to produce their food?  What would happen if these weren’t available?

2. Is it better to be a carnivore, herbivore, omnivore or detritivore?  Why?

3. Are humans a part of the food web?  If we were added to the activity, where would we be?

Additional Information:

For more information on marine food webs:
http://oceanworld.tamu.edu/resources/oceanography-book/marinefoodwebs.htm

For more information about the North Carolina coastal food web:
http://www.ncseagrant.org/home/coastwatch/coastwatch-articles?task=showArticle&id=465

Protection Planners
Objective: Students will learn what a Marine Protected Area is and what scientists consider when recommending an area for that designation.

National Science Education Standards:  C: K-4: organisms and environment






 5-8: populations and ecosystems





         E: K-4: characteristics and changes in environment






 5-8: populations, resources, and environment

 9-12: natural resources, natural and human-induced
hazards

NC Standards: Grades 9-12 Biology 5.01, 5.03
Ocean Literacy Standards:  Principles 5 and 6

Vocabulary Terms:  Marine Protected Area, ecosystem

Background:  Marine Protected Areas (MPAs) are locations in the ocean and/or the surrounding land that are set aside to preserve natural and culturally significant resources.  There are over 5000 MPAs around the world, but less than 1% of the ocean is protected.  These areas are important for conserving sensitive ecosystems, maintaining historically important artifacts, protecting fishing stocks, providing pristine areas for scientific study, and offering recreational opportunities.  

When determining what area should be designated an MPA, scientists and legislators look at the factors that influence the concerned subject.  To determine the parameters of the MPA, they will consider the damaging forces, the importance of public and commercial use, the sensitivity of the area to these factors, and the interactions of the wildlife found in the area. 

Materials: 

· Internet connection, library access

· World map

· Pen and paper

· Posterboard/chart

Procedure: 

1.  Students can work individually or in teams of two or three.  
Pick an animal from the list:

· Kemp’s Ridley Sea Turtle (Lepidochelys kempii)
· Sei Whale (Balaenoptera borealis)
· Great Hammerhead Shark (Sphyrna makarran)
· Staghorn Coral (Acropora cervicornis)
2.  Research the animal’s:

· range

· food type
· predators
· reproductive cycle
· importance to humans
· threats
· International Union for Conservation of Nature and Natural Resources (IUCN) status
3.  Using what you have learned about the animal, create an MPA that would benefit it.  List the requirements that the animal needs to survive and draw a map of the MPA.  Determine the following for the design:

· What do you want the MPA to help accomplish?

· Where is the MPA located?

· How big is the MPA?

· Will you allow humans access (allowing fishing, diving, kayaking, development, etc.)?

· Does more scientific research need to be done?  In what areas?

· What is the name of the MPA?

4.  Once completed, present your MPA to the class.  Discuss the animal you picked and its biology, the reasons for your design, the restrictions you put in place, and if any more research needs to be done.  The class can then discuss whether they think the MPA would work successfully.

Assessment:  Evaluate the student(s) on their design (5 points total), how well it fits the goal of an MPA (3 points total), if they completed the necessary questions (1 point each), and how well they worked together (3 points).

Extensions:

Use the following for in-class discussion or homework:

1. How would an MPA protect a natural or cultural resource from pollution?

2. Should all MPAs restrict human access to the area?  Why or why not?

3. Are there any ocean habitats that would not benefit from an MPA?

Additional Information:

For information on U.S. MPAs:
http://mpa.gov/

For information on global MPAs:
http://www.wdpa-marine.org/

Rising Seas?

Based on an activity from NOAA Coral Reef Conservation Program

Objectives: To visually show students how rising temperatures could affect sea levels. 

National Science Education Standards:
Grades 5-8 A, C, E, G







Grades 9-12 E, G
NC Standards: Grades 9-12 
Biology #5 5.03


 Grades 9-12 Earth and Environmental Science #1- 5.03, #5-4.03, #5-4.04, #6-5.03
Ocean Literacy Standards: Principal 1, 2, and 6
Vocabulary: sea level rise, ice bergs, glaciers, ice sheets, Greenland, thermal expansion

Background: Sea level rise is a condition that is expected to occur as Earth warms up. The Earth regularly goes into warm and cool cycles as seen in the planetary history. However, the rate of change has been more drastic in the present cycle of warming and its effect on the Earth’s climate is a topic of great debate. One issue that will occur as the planet warms will be sea level rise. Sea levels can rise in two different ways: thermal expansion and the predicated melting of the Greenland ice/glaciers and polar melting. Although the oceans have an enormous heat storage capacity, as global atmospheric temperatures rise, the oceans will absorb this excess heat and expand, which is called thermal expansion. This increase in volume will lead to sea level rise. As ice from land such as the poles and Greenland melt it will increase the amount of water in the ocean (rather than trapped as ice) leading to a sea level rise. The sea level has been steadily rising since 1900 at a rate of 1 to 2.5 millimeters per year. Some estimates even have the rise as being up to 3-4 millimeters per year. There are many predications on how much sea level will rise in the coming years but most scientists agree that it will rise to some degree.

Materials: per team
· Beaker or flasks or any kind of clear container that can hold water

· Ice cubes

· bowl

· Water
· Rulers
· Salt

Procedure: have the students divide into teams of 2-3 students

   Part 1: 

1. Have students make an ocean by filling a container with water and adding 1-2 pinches of salt.  
2. Place 2-3 ice cubes in one ocean to represent polar caps/icebergs. Have students mark their beakers where the water level is. This is the “current sea level”. 

3. Have the students hypothesize what will happen when the ice melts. Will the water rise, stay the same, etc. 

4. Set this ocean aside and wait until all the ice melts. 

Part 2: 

1. Make a second ocean with the same amount of water (same “current sea level” as the first ocean but without the ice bergs) and the bowl to start the second part of the experiment. 

2. In the bowl place 2-3 ice cubes which will represent Greenland’s ice and glaciers. 

3. Have the students hypothesize what will happen when Greenland’s ice melts and runs into the ocean. 

4. Set this ocean and Greenland (bowl) aside and wait until all the ice melts and then add to their ocean. What happened to the sea level? 

Part 3: 

1. Compare the results from the two experiments. 

Assessment: use the student worksheet to score the experiment. Each question is worth 2 points. 

Extensions:

Use the following questions as in-class discussion or homework. 

1.  What do you think might happen to coastal areas if this experiment really does occur? What will happen to the people who live in these areas?
2. What do scientists think has led to the increase in temperatures that are affecting sea levels? 

3. What could we do that might help with the predicated sea level rise? 

Additional Resources:

1) http://www.sciencedaily.com/releases/2009/07/090727091838.htm
2) http://www.epa.gov/climatechange/effects/coastal/slrreports.html
3) http://sealevel.colorado.edu/
Rising Seas Student Worksheet

Name of the team members: _____________________________________________________
Part 1: 

1) What is your initial “current sea level”? _______________________________________

2) What is your hypothesize of what will happen when the ice bergs melt in your ocean?

3) What was your final sea level after all the ice melted? ____________________________

Part 2: 

1) What is your initial “current sea level”? _______________________________________

2) What is your hypothesize of what will happen when Greenland melts and is added into your ocean?

3) What was your final sea level after you added Greenland? _________________________

Part 3: 

1) Which of your two experiments caused a greater sea level rise? ____________________

2) Why? __________________________________________________________________

CO2 and the Oceans: Ocean acidification

Based on an activity from NOAA Coral Reef Conservation Program

Objectives: To visually show students how CO2 can affect the oceans and to introduce them to the topic of ocean acidification.

National Science Education Standards:
Grades 5-8 Standards D, E, F, G 








Grades 9-12 Standards B, D, E, F, G
NC Standards: Grade 8 Science 3.03, 3.05



   Grade 9-12 Science: Biology 
Unit 5 5.01, 5.03






 Chemistry   
Unit 5 2.03, Unit 13 5.04



Earth & Environmental Science Unit 1 5.03, Unit 5 4.04 and 4.05, Unit 6 5.03

Ocean Literacy Standards: Principal 5 and 6

Vocabulary: Ocean acidification, carbon sink, carbon dioxide, hydrogen ions, pH scale, carbonic acid, bicarbonate, carbonate, plankton, anthropogenic
Background: Ocean acidification is a complex topic that has not received as much notice as other climate change issues; however, it is very important in that it could have a major effect on the oceans and the animals that live within it.  Ocean acidification (OA) is caused by increasing CO2 levels in the atmosphere being absorbed by the ocean causing a decrease in the ocean’s pH. 
The ocean has always absorbed CO2 in the atmosphere. In fact the ocean is a carbon sink. Carbon sinks are natural systems that suck up and store carbon dioxide from the atmosphere. In the ocean, carbon is absorbed and stored or dissolves into the water forming other components such as dissolved free carbon dioxide (CO2), carbonic acid (H2CO3), bicarbonate (HCO3-) and carbonate (CO32-).  The ratio of these components is what helps the ocean maintain its pH of 8, making the ocean slightly basic. 


However, nearly half the CO2 produced by human activities in the last 200 years has been absorbed by the ocean. The ocean is now becoming more acidic as a result or less basic. When CO2 combines with water it forms carbonic acid (H2CO3) which then breaks down into hydrogen ions (H+) and bicarbonate (HCO3-). An increase in the amount of CO2 being produced and absorbed will increase the amount of hydrogen ions (H+) resulting in a decrease in pH. Since pH is a logarithmic scale, a small change can cause drastic effects.  It is estimated that surface ocean pH has dropped by slightly less than 0.1 units (approximately a 25% increase in H+), and it is estimated that it will drop by a further 0.3 - 0.5 units by 2100 as the ocean absorbs more anthropogenic (human caused) CO2.

As the ocean becomes more acidic or less basic it could cause major problems for a variety of animals such as corals, shellfish, etc. This is because these animals use calcium carbonate (CaCO3) to make their shells. As the ocean’s pH decreases (becomes more acidic), it decreases the ability of shellfish to make their shells and corals to build their skeletons. Not only will it affect these larger animals but evidence is showing that some species of plankton are also having problems building their calcium shells. Plankton are the basis of the ocean food chain. 
Materials:

· Beaker or flasks or any kind of clear container that can hold water

· Gloves 

· Water

· Salt

· Bromphenol blue (acid/base indicator)

· Dry ice 

Procedure: have the students divide into teams of 2-3 students

5. Have students make 2 “oceans” by filling container with water and adding 1-2 pinches of salt. 

6. TEACHER: Add a splash bromophenol blue (or another pH indicator) to the student’s “oceans”. The water should be blue indicating a base solution. If the solution turns yellow it indicates that it is acidic and this not what you want to start with.   

7. Have students swirl both “ocean” mixtures until water is evenly colored. 

8. Once each group has their “ocean” ready, have one team member use the straw blow into one of their oceans. Leave the other ocean alone. Warning: do not inhale any water from the ocean. 
9. Have students write down what happens to the first “ocean” as the student’s exhaled breath goes into the ocean. Have them write down why they think this happened.

10. TEACHER: now go around to each group and add a chunk of dry ice (which is cooled and compressed CO2) to the 2nd “ocean” and watch what happens. 

11. Have the students write down the result of the dry ice addition. 

Assessment: to assess this activity use the student sheet. If they have the correct answer they get one point, if not they receive zero points for that question. You can also access them on their ability to work as a team. 
Extensions:

Use the following questions as in-class discussion or homework. 
4. What are some of the major causes of CO2 emissions?

5. Have CO2 levels risen or lowered over the last 100 years?

6. What effect could rising CO2 levels have on the ocean? 

Additional Resources:

1) http://www.pmel.noaa.gov/co2/OA/background.html
2) http://www.whoi.edu/page.do?pid=8916&tid=282&cid=27206
3) http://www.sciencedaily.com/releases/2008/05/080526162652.htm
Ocean Acidification Student Answer Sheet

Name of team members: _____________________________________________________

Straw Experiment: 

1) What happened to your ocean when you blew into the mixture? ____________________
2) What gas are you exhaling into your ocean? ____________________________________

3) Why do you think the ocean changed color? ____________________________________

Dry Ice Experiment: 

1) What happened to your ocean when the teacher added the dry ice? ________________________________________________________________________

2) Why do you think this happened? ____________________________________________

________________________________________________________________________

If CO2 levels continue to rise in the atmosphere, what do scientists project will happen in the oceans? How will this affect different animals in the oceans? How will it affect humans?

http://www8.nos.noaa.gov/coris_glossary/index.aspx?letter=d





http://earthobservatory.nasa.gov/Features/Phytoplankton/





http://en.wikipedia.org/wiki/File:Diatoms_through_the_microscope.jpg
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