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What’s Growing On...
Carrying Capacity in Pico-phytoplankton
Summary
Ecologists study populations for many reasons: to understand endangered species, spread of invasive species, and reactions to different environmental variables, for example.  In this lesson students use real data from picophytoplankton to investigate the concepts of carrying capacity, limiting factors, and limited resources. 
The scientists at the Monterey Bay Aquarium Research Institute (MBARI) conducted a laboratory experiment with the goal to explore  how resource availability influences the growth and physiology of the picophytoplankton (small phytoplankton) Ostreococcus 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 this lesson, students will use graphs from experiments conducted by researchers at MBARI to estimate carrying capacity.  They will compare their estimates to actual carrying capacities generated from a Logistic Growth Model and analyze the resulting trend of increasing nutrient concentration on population size. Students will communicate their analyses in writing and/or in a presentation to their peers.   
[TAGS: Carrying Capacity, Limiting Factors, Ecology, Population Biology, Graphing, Phytoplankton]
Key Concepts
· Populations are limited by shared resources.
· Population growth over time levels off as the number of individuals increases and resources become scarce.
· Carrying capacity can change depending on amount or concentration of available resources.
· There are physiological limitations in organisms, so carrying capacity will reach a maximum even when resources are made available or unlimited.
· Mathematical and computational representations can be used to support explanations of factors that affect carrying capacity of ecosystems.
· Nitrogen is more limiting than phosphorus.
Objectives
NGSS MS-LS2-1
Students will be able to analyze and interpret data to provide evidence for the effects of resource availability on organisms and populations of organisms in an ecosystem.
Students will be able to use patterns to identify cause and effect relationships.
NGSS HS-LS2-1
Students will be able to use mathematical and/or computational representations to support explanations of factors that can affect carrying capacity of ecosystems at different scales.
· Investigate graphs of population growth to discover carrying capacity in real organisms.
· Evaluate phytoplankton data to estimate carrying capacity and compare their estimates to model-generated carrying capacities.
· Use a spreadsheet to interpret regression equations of population growth under different concentrations of limited resources (Nitrogen and Phosphorus).
· Determine which resource is more limiting and generate hypotheses for their conclusion.
· Communicate results by creating graphs and writing a Results Statement for the graphs. 
Materials
· Computers
· Excel Spreadsheet “Zimmerman’s Ostreococcus Data”
· Presentation materials, depending on teacher choice of assessment
Procedure
1. Show students different real-life graphs of population growth. Alternatively, pass out the Student Handout with the two examples and have students do the pre-lab questions.
2. Assign students to pairs and “Student Super Groups” (groups of four). Student pairs will research one nutrient, while a Super Group will consist of two pairs, one for each nutrient.
3. If “What’s Growing On...Rating the Growth of Picophytoplankton” has not been done, do this:  In order for students to put the MBARI  experiment into perspective of the larger picture of trying to understand the how the world works and to make predictions, have students read one of the following documents to get background information: EARTH2015_summary document OR the abstract of 2015Intern Paper 

 HYPERLINK "http://www.mbari.org/earth/2015/presenters/zimmerman/Jensvold_Zena.pdf" \h Physiological response of Ostreococcus to nutrient depletion by Zena Jensvold (both are available as Google Docs). This could be done as homework.
4. Have students work in pairs to generate observations and hypotheses about their observations.
5. Have a brief class discussion on findings to ensure students have come up with the idea of resources limiting population growth.
6. Show video on (or teach) carrying capacity and limiting factors/resources. See below for possibilities.
7. Make Excel file “Zimmerman’s Ostreococcus Data” available to students. Teacher graphs with regression equations and lines are in the same file under “Carrying Capacity Teacher” tab.  You may wish to delete this tab in the student file. Student Super Groups 
8. Pass out Student Handout to guide students through estimating carrying capacities, adding trendlines, and interpreting regression equations.
Assessment
· Self-Assessment:Students will compare their carrying capacity results with other groups with the same nutrient (N or P).
· Self-Assessment: Student Super Groups will compare their carrying capacity results to find differences between N and P.
· Written assessment and class presentation of Student Super Groups.
Additional Resources
· Dr. Amy Zimmerman’s PowerPoint presentation at the 2015 EARTH teacher workshop: http://www.mbari.org/earth/2015/presenters/zimmerman/EARTH_2015_21Jul2015_AEZ.pdf 
· Dr. Amy Zimmerman’s summary of her presentation: (google link: https://drive.google.com/a/lincoln.k12.or.us/file/d/0B2jcCYwAVgmiNXBOZEZJWFZ5dzA/view?usp=sharing) OR link on MBARI website... 
· Intern Zena Jensvold paper: http://www.mbari.org/earth/2015/presenters/zimmerman/Jensvold_Zena.pdf
· Explanation of Carrying Capacity and Logistic Growth:  https://www.boundless.com/biology/textbooks/boundless-biology-textbook/population-and-community-ecology-45/environmental-limits-to-population-growth-251/logistic-population-growth-930-12186/
· Video explanation of Carrying Capacity: https://www.youtube.com/watch?v=QI2ixJeIxEU 
Extensions
1) Advanced students can further investigate the Logistic Population Growth Model, which was used by MBARI researchers to calculate carrying capacities under specific nutrient concentrations.
2) Students can “unhide” the 1.0X nutrient concentrations in the Excel Spreadsheet (Part 2 tab) and either re-run the regression or eyeball estimates of how the relationship changes with high nutrient concentrations; that is, when the resource is not as limiting.  This should generate a discussion on physiology and the ability to process nutrients or resources, which is also limited.  That is, an organism can only process a certain amount of nutrient in any given time period, so there will be a point where the population cannot keep increasing.
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