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Lesson Plan—It’s Not Easy Being Green: Marine Phytoplankton
 
Summary

In this activity students will model phytoplankton growth in the lab as an introduction to using data from remote sensing systems.

Key Concepts

· Phytoplankton are photosynthetic organisms responsible for about half of all primary production. 

· Phytoplankton growth is dependent upon a variety of environmental parameters. 

· Scientists use data from satellite imagery and instrumentation to monitor phytoplankton growth.
 
Objectives

Include clear, measurable statements of what students will be able to do, such as:
· Observe and identify various types of phytoplankton 

· Record  the growth of phytoplankton using instrumentation 

· Demonstrate that the model that they have used in the classroom (growth experiment) is directly related to the methods scientists use while assaying with satellite imagery and instrumentation 

· Communicate results through various means:  PPP, poster, lecture or teach the rest of the class
Materials

· A culture of algae such as Nanochlorophsus which can be obtained from Carolina Biological Inc. or Florida Aqua Farms.

· Journal articles explaining aspects of phytoplankton

· Phytopia CD

· NaH2PO4  sodium dihydrogen phosphate

· HCl  hydrochloric acid

· Glassware:  150 mls beakers 500 ml erlenmeyers

· Microscopes

· Spectrophotometer
· Salts for a marine aquarium
· Data/images from http://oceancolor.gsfc.nasa.gov/cgi/level3.pl - Ocean  Color Web 
· Student Worksheets
Content Summary 

Phytoplankton are microscopic free floating plants found in ocean currents and fresh bodies of water. They are primary producers and can also be referred to as photoautotrophs, microtrophs, and heterotrophs. These organisms are at the base of the aquatic food pyramid. Phytoplankton obtain their energy through photosynthesis. They contain chlorophyll which converts carbon dioxide and water to glucose and oxygen. These organisms occupy the surface layer of the euphotic zone of a body of water and are responsible for much of the oxygen in the Earth's atmosphere. Phytoplankton are crucially dependent on minerals such as nitrate, phosphate or silicic acid. They are limited by lack of the micronutrient iron. The most important group of phytoplankton include diatoms, cyanobacteria and dinoflagellates.
Procedure

1. At the start of this unit, the teacher will introduce the following terms:
phytoplankton, biotic and abiotic factors, satellite imagery and real time data.                    

2. Hand out 4 journal articles, which explain phytoplankton growth requirements. The class will brainstorm concepts as a group. 

3. Teacher will guide students in the setup of algal cultures and solutions.
4. Allow solutions to grow for 2 days. Record data on the accompanying data table.
5. Distribute satellite images from plankton growth. (SCWF) Interpret phytoplankton             growth based on the color components on the map.
Part I

Students will prepare lab set-up and solutions.
 
Basic Instructions for growing phytoplankton to be distributed to class groups
Teacher prepares phytoplankton before class: (As adapted from melesreef.com)
1. Clean and sterilize all glassware
2. Fill up two 1 L bottles completely, stopping about 1" from the top with saltwater that is 1.019sg - using a refractometer would be ideal.
3.  Using a full disk of Nanochloropsus from FloridaAquaFarms.com, scrape the green algae film into each bottle after it has soaked for 24 hours.
4.  Add 1 ml of Micro Algae Grow, also from FAF.
5. Set the bottles up with the rigid tubing reaching down to the base of the bottle. It should bubble gently, and not be a rolling boil.
6.  Lighting should be on for 16 hours a day, then in full darkness for 8 hours
7. Split the culture in 7 days.
8. Two new bottles should be filled half way with 1.019 g saltwater plus 1 ml Micro Algae Grow.
9. Cap and seal tightly the current batch of phytoplankton and shake it very well, to get all sediment in suspension again. (If you wish, pour one full bottle of phytoplankton through the rotifer screen (or a couple of coffee filters if you don't have that) into a clean container to strain out larger chunks out of the photo). Pour that phytoplankton into each bottle filling them both up to within ~1" from the top.
10. Those bottles are now ready to go into your station, starting the process all over again.
11. The other bottle you cultured should be shaken well, and poured into a clean container. (If you wish to strain this to remove larger stuff, run it through the rotifer screen and then poured into a new clean bottle.) This must be stored in the fridge and is ready to feed to your tank every other day. I pour about 3/4 cup in my 29g and 1.5 cups in my 55g. (If you've never fed phytoplankton before, feed less at first, gradually increasing the amount over a period of two weeks, to allow your tank to adjust to the new feeding. Discussion)
12. Refrigerated phytoplankton should last at least one month. 
13. You need to shake the stored bottle daily to avoid the cells settling to the bottom of the bottle. Otherwise they will smother each other and die. 
Procedure for class groups:
The entire class will be broken into groups each investigating the following:  variation of PO4=3 concentration, variation of pH, variation of NO3-1
1.     Each group will be give 500 mls of phytoplankton stock that is ready to be split.
2.    Control cultures should be set up in two beakers (150 ml)
3.    Cultures to which various concentrations of nitrates or phosphates are added or to which there have been changes in pH should be set up in 6 other beakers.
4.    After a period of 7 days, the cultures will be assayed for growth by means of chlorophyll extraction and use of a spectrophotometer

Assessment 

 Each group presents to the class their results, describing their original hypotheses, the variable they altered and ending results
Part II

1.    Satellite images will be distributed to each group with question sheets, which will be completed by the group and handed in for assessment
2.    Data sets that target a specific location will be handed out with a similar question sheet.
Assessment
 Each group will be able to correctly interpret data from 3 satellite images.
Additional Resources
Websites
· SeaGrant 

www.seagrant.gso.uri.edu/factsheet
· Phytopia: Discovery of the Marine Ecosystem is an educational CD-ROM developed by Bigelow Laboratory for Ocean Sciences, University of New England, and NASA's Jet Propulsion Laboratory. https://articleworks.cadmus.com/bigelow/index.jsp
· Ocean Color Web

www.oceancolor.gsfc.nasa.gov/cgi/level3.pl
· Center for Microbial Oceanography: Research and Education (C-MORE) cmore.soest.hawaii.edu
· Chlorophyll analysis http://dipin.kent.edu/chlorophyll.htm
Books

· Chapman & Harris. Phytoplankton ecology: Structure, function and fluctuation. London, England, 1986.

Example Articles for Students 
· http://www.int-res.com/articles/meps/109/m109p083.pdf (Example article for students)
· Vern, Jules. 20,000 Leagues Under the Sea. Saddleback Educational Publishers, 2006 (Example article)
Extension Activity

· http://serc.carleton.edu/eet/phytoplan 
Ocean Literacy Standards:

5 B Most life in the ocean exists as microbes. Microbes are the most important primary producers in the ocean. Not only are they the most abundant life form in the ocean, they have extremely fast growth rates and life cycles

5f Ocean habitats are defined by environmental factors. Due to interactions of abiotic factors such as salinity, temperature, oxygen, pH, light, nutrients, pressure, substrate and circulation, ocean life is not evenly distributed temporally or spatially, i.e., it is "patchy". Some regions of the ocean support more diverse and abundant life than anywhere on Earth, while much of the ocean is considered a desert.

7d New technologies, sensors and tools are expanding our ability to explore the ocean. Ocean scientists are relying more and more on satellites, drifters, buoys, subsea observatories and unmanned submersibles.
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