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What’s Growing On…  
Lesson 2 - Making Air out of Oceans: How limiting nutrients paint the world we breath
Student Handout
Background/Intro
The ocean is full of life, and like on land, this life is mainly powered by the sun through photosynthesis.  Unlike on land however, the organisms that convert sunlight, carbon dioxide, and water into sugar are not plants - whaaaaaaaat?  The vast majority of photosynthetic organisms in our oceans are actually single-celled creatures called phytoplankton.  
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All living things require certain materials/nutrients to survive and thrive.  Nutrients that are necessary for life but also scarce or non-abundant are often referred to as limiting factors to an organism's growth and development.  There are also certain materials that can be harmful to living things. Think about what the nutrients plants (or all living things) need to survive.  In a small group discuss and come up with a list of nutrients that living organisms require other than the ones already mentioned. (It might help to discuss or remind students of the biological molecules covered in previous units and their functions…)
List of nutrients that living organisms require: ____________________________________________
___________________________________________________________________________________
Phytoplankton, although very small, also requires certain nutrients in certain amounts in order to carry out basic life functions.  These processes are crucial to sustaining life on Earth.  Scientists have estimated that phytoplankton produce nearly 50% of the oxygen we breath, while they make up only 1% of the biomass of photosynthetic organisms on Earth!!!  In this lesson, we are going to work with real data collected by scientists to figure out how certain nutrients influence the the growth of phytoplankton.  Lastly, we are then going to look at a variety of color maps that show where these nutrients occur in across the Earth’s oceans to make predictions about what parts are the most productive and important for sustaining life on Earth.   
Part 1 - Phytoplankton data activity
We are going to work with a data set here to graph the effects that certain nutrients have on phytoplankton growth.  All things considered the surface of our oceans are plentiful in some of the key ingredients that photosynthetic organisms require - water, carbon dioxide, and sunlight.  In this data set, we are going to look at the effects of nitrogen on the development and abundance of a particular type of phytoplankton called Ostreococcus.
Step 1: Make your prediction in the space below - do you think that increasing amounts of nitrogen in the water will increase or decrease the development and abundance of Ostreococcus phytoplankton?  Explain your reasoning - use details and examples in your explanation. 
Prediction:
Explanation:
Step 2: Open the data set assigned to you (make a copy of the data set if you need to and add your last name to the end of the document name). Create a graph of Ostreococcus cell density in the spreadsheet...follow the directions carefully.  Save your final graph as an image and insert it into the space below, then write a short paragraph below it explaining the results.
Ostreococcus cell density graph: insert your graph into the space below
Explanation of data and graph:
Write a detailed explanation of the results shown in your graph.  Specifically reference parts of your graph in your explanation, citing specific numbers and/or trends you observe.
*Things to think about in your explanation/discussion...
· What effects did increasing amounts of nitrogen have on the number of cells present in the different cultures over time?
· Was there a common trend that you observed in each of the different cultures?
Part 2 - Painting the world we breath
In part 1 we looked at nitrogen as an essential nutrient for the growth and development of living organisms such as phytoplankton.  Another key nutrient required by phytoplankton, and all living organisms here on Earth, is phosphorous.  In this next section we are going to look at where these nutrients occur in the world’s oceans and how their distributions can determine which parts our oceans are the most productive (full of life and oxygen).  
Step 1: Where’s the party at?
Using your blank map of the Earth’s oceans predict which oceans you think will be the most productive.  Label these with a “P”.  
In the space below, explain why you think these regions might be the most productive.  Be specific and detailed in your explanation (as best you can).
Step 2: Life’s colorful patterns
1. Use the following websites to look at maps of where nitrogen and phosphorous are most abundant in the Earth’s oceans: NOAA - National Oceanographic Data Center interactive images: https://www.nodc.noaa.gov/OC5/woa13f/
a. Select Nitrate
b. Select: Grids - 1 degree; Field Name - Climatology; Time Period - Annual; Depth - Surface.
c. Do the same again as a. and b. but for Phosphate.  
2. Color or shade your blank map of the Earth’s oceans to show where these two nutrients are most abundant.  Create a key on your map to show what your colors/shades represent.  
3. Circle the three most potentially productive regions on your map once it is completed.  
4. What might be the explanation for the distribution patterns on your maps? *hint: go the following site: http://nvs.nanoos.org/Explorer  Select “Models” then “Currents”...
5. In the intro to this assignment, we briefly discussed the concept of “limiting factors” (background section, second paragraph) - define this term and then explain how nitrogen and phosphorous could serve as crucial limiting factors in the less productive parts of the Earth’s oceans. 
6. Lastly, looking at the map of global chlorophyll production in the world’s oceans - summarize what this map is showing and reflect on how it matches up to the map you created using the interactive nutrient distribution maps  (specifically the areas you circled in #3).  
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