NAME _______________________
DATE ________________
PER _________
What’s Growing On…Carrying Capacity in Pico-phytoplankton

Pre-Lab Activity
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1.  Describe each of the two graphs to the right. Explain the two axes for each graph and what the dots and curve represent.

a)

b)

2.  What happens to the growth of the two completely different species over time?

3.  How are they similar? 
4.  Why do you think the graphs level off after time?

Introduction to Carrying Capacity

In real life, the vast majority of living organisms cannot grow without bounds; they are limited by the resources they share. Food, water, space, and light are examples of “limiting factors”; that is, resources that limit the number of individuals in a population.  For example, in the ocean, light only reaches downward to a particular depth, which can vary depending on turbidity of the water.  Since phytoplankton need light for photosynthesis, this is a limiting factor for phytoplankton and many of the organisms that eat them.  The number or density of organisms that a particular habitat can support is called carrying capacity. As a limiting factor increases, the carrying capacity should increase; however, there may be physiological limitations to an organism’s ability to process or use that resource. Over time, even if the resource availability increases, the population will level off.

You will be investigating a set of population growth data for a phytoplankton, Ostreococcus, under a series of concentrations of nitrogen and phosphorus. These data were collected and analyzed by researchers at the Monterey Bay Aquarium Research Institute (MBARI). They conducted a laboratory experiment to explore how resource availability influences the growth and physiology of the picophytoplankton (small phytoplankton) Osterococcus lucimarinus. The specific objective of the experiment was to characterize phytoplankton growth under a gradient of nutrient conditions and to compare the effects of nitrogen (N) availability to phosphorus (P) availability. 
In Part 1, examine the graphs for Ostreococcus population growth with nitrogen and with phosphorus.  With your partner, estimate the carrying capacity (cell density) for each concentration.  These graphs are also in the Excel spreadsheet, so you may also use that to examine the graphs, if it is clearer.  In Part 2, you and your partner will generate trend lines for precise carrying capacity values and determine the linear regression equation for nitrogen and for phosphorus. 
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Part 1: Carrying Capacities
1) Estimate carrying capacities from the graphs

0.05X: 
________________ cells per mL N

0.1X: 
________________ cells per mL N
0.15X: 
________________ cells per mL N

0.5X: 
________________ cells per mL N

1.0X: 
________________ cells per mL N

0.05X: 
________________ cells per mL P

0.1X: 
________________ cells per mL P

0.15X: 
________________ cells per mL P

0.5X: 
________________ cells per mL P

1.0X: 
________________ cells per mL P

2) For a given concentration, how are the carrying capacities of nitrogen different from phosphorus? Do Ostreococcus cells need more nitrogen or more phosphorus?  How do you know?

Part 2: Relationship between nutrient addition and population size
Dr. Zimmerman calculated actual carrying capacity values using a mathematical model (Logistic Growth Model).  In Part 2, you will compare carrying capacity values for different concentrations to explore what happens to population size when nutrients are added. The highest concentration data have been hidden on the spreadsheet, as they change the results dramatically. We will revisit this at the end of the activity.
1) Open the Excel spreadsheet with Dr. Zimmerman’s Ostreococcus growth data. Click on the “Carrying Capacity Part 2” tab at the bottom of the page to open the data for this activity. You should see two graphs, “Nitrogen Carrying Capacity” and “Phosphorus Carrying Capacity”.  First, compare your estimates in Part 1 with Dr. Zimmerman’s results. 
2) How far apart are your estimates for 0.5X concentration with the spreadsheet data?

Nitrogen:

Phosphorus:

3) Now add a trendline to the Nitrogen Carrying Capacity Graph:
· Click on any one of the data points on the graph.

· Right click, then select Add Trendline
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· A window will pop up.  Select Linear, Display Equation on Chart, and Display R-squared value.
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· Your nitrogen equation: ______________________________________

· Your R2 value: ________

4) The equation gives the model, while the R2 value indicates how well the data fit the model; an R2 value of 1 would be a perfect fit, so any values close to 1.0 indicate a very strong model.

· You have generated a linear model, so the equation is in the y = mx + b format for linear equations.  Give the slope for your model ______________.  What is the y-intercept? __________________.

· What does the slope mean for this population? _______________________________________ ______________________________________________________________________________.

5) Now do the same thing for the Phosphorus Carrying Capacity graph or share results in a Student Super Group (group of four; each pair works on a different nutrient).
· phosphorus equation: ______________________________________

· R2 value: ________

· Give the slope for your model ______________.  What is the y-intercept? __________________.

· What does the slope mean for this population? _______________________________________ ______________________________________________________________________________.

As directed by your teacher, write a Results Statement in which you explain:
· The differences in N and P carrying capacities

· The trend lines and equations for N and P carrying capacities
· Using prior knowledge AND based on the result statement from the graphs, write a paragraph that demonstrates your understanding of the experimental objectives (given in the Introduction). These written products will be displayed in the classroom or hallway and each student super groups will present their findings to the class. Students will evaluate the presentations of their classmates. 
NOTE: This could also be done as a PowerPoint or some other media presentation. 
Extension:

In the Excel spreadsheet (Part 2), go to the line below the 0.5X concentration value and click on the line number.  Hit “unhide” to reveal the carrying capacity for 1.0X concentration.  Do the same thing for phosphorus.  

How will these values change the regression line?

Why would this last increase in nutrients result in a much smaller increase, or even a decrease, in population size?
