LESSON PLAN FOR BIOLUMINESCENCE IN THE DEEP OCEAN
Written by:  Katie Greganti, July 2006  (greganti@uga.edu)
1. Unit Title

Observing the depths
2. Overall question

How is bioluminescence observed in the ocean?  

3. Related lesson question

What is bioluminescence, and what role does it play in the deep ocean ecosystem?   

4. Learning standard addressed

NLS (see coexploration.org/oceanliteracy): Under the basic ocean literacy principles “The ocean supports great diversity of ilfe & ecosystems” and the “Ocean is largely unexplored”:  
· Evidence, models, and exploration

· Change, constancy, and measurement

· Evolution and equilibrium

· Form and function

· Properties of Earth Materials

· Structure of the Earth system

· Geochemical cycles

· Origin and evolution of the universe

· Organisms and Environments

· Diversity and adaptations of organisms

· Populations and ecosystems

· Behavior of organisms

· Biological Evolution

· Abilities of technological design

· Understanding about science and technology

· Understanding scientific inquiry

· Abilities necessary to do scientific inquiry
5. Performance objectives

a. Define bioluminescence

b. Differentiate between types of luminescing behaviors.
c. Describe different methods used to observe bioluminescent behaviors.  Think critically about different methods by analyzing their pros and cons.
6. Set
7. Learning and teaching strategies
Background Information
a. Start with giving students an idea of what 'deep ocean' really is.  

What depth is 'deep' in the ocean?  Why is the deep ocean much different from the other parts of the ocean?  The important difference is that almost ZERO light gets to the deep ocean.  When you turn your lights off and close your door to go to bed at night, you may still have a night light, a street light outside your window, the moonlight…or you may not close your door and light may come in your room from the hallway.  But, in the deep ocean, there is COMPLETE darkness. Moonlight doesn't reach the deep ocean, and there certainly aren't any street lights or night lights down there.  This makes the deep ocean not vary very much between the day and the night.  Sunlight can't even reach the deep ocean…and sunlight reaches all the way to (Mars? Saturn? What's the farthest planet still receiving sunlight?…and give the distance to that planet).  Even sunlight doesn't reach the deep ocean because light moves through the water much differently than it moves through the air/atmosphere/ outer space.  

So, who cares if no light gets down there, even in the day time?  Well, does anyone know what the BASE of the ocean foodchain is?  And what is the FOOD for the base of the foodchain?  Well since there is no sunlight to support phytoplankton in the deep ocean, the creatures that live there have to function much differently than those that live in shallower water where the sun reaches to the ocean bottom, or atleast to the depth where they live.  The deep, dark ocean is a vast, mysterious place that is very difficult to explore (high pressure, people would implode.  What is an implosion?  Even when we do explore it, it's hard to figure out if what we're seeing is natural, or just a response to the fact that we're swimming around down there (in a submersible.)  

b. Once you have established that the deep ocean is quite different from, say, the coastal ocean, you can begin to talk about the types of creatures that live there.  Give a brief overview of the types of creatures. 

c. Present the three major reasons that deep ocean species bioluminesce: 

· To find food (give examples)
· To attract mates (give examples)
· To try to defend themselves or avoid being eaten (give examples)
Focus Information
Introduce Eye In the Sea (Dr. Edie Widder)

Go to the following website:  http://oceanexplorer.noaa.gov/explorations/04deepscope/background/eyeinsea/eyeinsea.html

Important points: 

· Eye in the sea uses red light because white light disturbs the animals.  The deep-sea creatures cannot detect red light (that we know of).  

· Eye in the sea is stationary and creates minimal distraction and disturbance for the maximum natural behavior of the deep sea creatures.  

· Eye in the sea is a hyper-sensitive camera that is black and white (because we can't see the true colors of the creatures without hitting them with white light?)

· Discuss technology used to deal with the camera data…where does it go?

Activity/Project 1:  Invent your own bioluminescent creature.  Identify the species REAL predators, describe how it attracts its mates, and describe any defense mechanisms. Draw a picture of him/her.  Then, based on the details of your deep sea creature, draw some scenarios that depict what your "eye in the sea" may observe if it were watching your creature.  Remember, your creature has to be able to swim or have some other mechanism of mobility.  Your creature must somehow resemble a real sea creature like a crab, squid, shark, fish, etc.

Activity/Project 2:  If you had unlimited money and time, describe how you would use cutting-edge technology to observe bioluminescence in the deep ocean.  Would you target any specific species?  Where in the world would you like to observe bioluminescence in the deep ocean?  What would you ADD to the eye in the sea system?  What would you do differently, and why?  What kind of data would your system collect?  On what time intervals, and why?  How would you receive the data as it came in (or would it not be received until you retrieved it from the deep ocean?)  How would you do maintenance on your equipment? What limitations would your deep sea observation station have, and how might you overcome them?  
8.  Assessment task
Add section on another test to cover bioluminescence background.  Give extra points (bonus points) for ACTIVITY/PROJECT 1.  Have ACTIVITY/PROJECT 2 as a semester or quarter-length project, during which students will be expected to read provided articles on ocean observing systems and available technology, limitations to the science, areas, species, and topics of interest in the deep sea.  Background articles / websites / information should include some info about how much deep sea trips, etc may cost, how long particular equipment should last, etc.  Then, the project will be graded on feasibility, creativity, and thoroughness.  
9. Closure

Students present what their projects at the end of the quarter/semester.  They have hand-outs for everyone with a color picture of their creature invention or research plan.  They summarize the background information they used (using citation) to develop their research plan or bioluminescent species.  In response to each presentation, each student in the class will write a paragraph summarizing what they think the pros and cons are of each presenting students’ research plan or invented bioluminescent species.  

10.  Reflection

Each student should have another student’s project to “grade.”  You should provide each student with a grading rubric for the project, including points to look for and reasons to take off points.  Grading students will provide an explanation for each place they took off points and identify positive attributes of the project and explain why.  By doing this, students will gain a more broad understanding of the goals of these projects via a fun activity that also inspires critical thinking and analysis.  
Each student should compile a list of any questions remaining about bioluminescence or deep ocean ecosystems.  The class should contact an oceanographer or do a ‘Web Quest’ to find the answers to some of their questions.  
