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What’s Growing On….
Rating the growth of Picophytoplankton
Summary
Ecologists often study the populations of organisms and how their rates increase or decrease. These interactions between organisms and their environments shape the reproduction of the organisms and therefore their environment as well. Population growth is not dynamic but instead depends upon multiple factors both abiotic and biotic. 
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) Osterococcus lucimarinus. The specific objectives 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 density data from a laboratory experiment conducted by researchers at MBARI to calculate growth rates of phytoplankton, graph the data, collaborate to look for patterns in the data and then communicate their conclusions.  
[TAGS: Growth Rate, Ecology, Graphing, GoogleSpreadsheet, Density, Phytoplankton]
Key Concepts
· Population growth is not static but depends on availability of different nutrients. 
· Laboratory experiments are an important step in the process of making sense of the world. 
· Growth rates of an organism is a function of the birth and death of organisms and can be calculated based on the changes in organisms over time. 
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. 
Overall:
· Students will calculate the growth rate of populations of picophytoplankton using previously collected density data (collected using a flow cytometer).
· Students will graph the growth rates of picophytoplankton, comparing different concentrations of either nitrogen or phosphorus.
· Students will analyze trends in graphs comparing the different growth rates of  picophytoplankton  and communicate the results to their class. 
	
	


Materials
· Computers with Internet access 
· If computers with Internet access are not available, teachers may had out the N and P data and have students calculate and graph by hand. If this is done, use the STUDENT GRAPH TEMPLATE 
Procedure
1. As a class using a SmartBoard or other projector, go to http://www.abpischools.org.uk/activescience/module3/group2.html  and run through the microorganisms game by reading the brief directions and clicking on START. Keep the body temperature at 370, moisture limited and food supply unlimited. Keep a screen shot of the results to compare. 
Discuss “What do these results show? “
Then click on NEW and run through the game changing the food to low (keep the temperature at 370 and the moisture at limited. 
Compare the two results and discuss what are possible reasons for the differences. 
Hint this could be done in student groups if students have access to computers or tablets. 
2. 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 Physiological response of Ostreococcus to nutrient depletion by Zena Jensvold (both are available as Google Docs). This could be done as homework. 
3.  Group students in pairs. Assign half the pairs to work with the nitrogen data and half the pairs to work with phosphorus data. The nitrogen pairs should be given access to the Google Spreadsheet titled STUDENT  Data for Different Nitrogen Concentrations.  The phosphorus pairs should be given the Google Spreadsheet titled STUDENT  Data for Different Phosphorus Concentrations. 
Before moving on, check for understanding that all students understand the overall purpose of the lab and the vocabulary associated with the experiment. Do students grasp the different concentrations of nutrients (1X vs 0.05X)? This could be accomplished by leading a class discussion or working with the student pairs. 
4. Student pairs will calculate the growth rates over the course of the 14 day experiment using the following equation The equation to calculate growth rate from different densities is Growth Rate= ln(D1-Do)
 [image: image2.emf]
In this case D1 is the density of the newest data (for instance Day 1) and D0 is the original data (Day 0 or the start date). The change in time will always be 1 (Day1- Day0 for instance) since the data was collected every 24 hours. At the teacher’s discretion, students can use calculators to fill in the growth rate data OR can plug in equations to the cells. A sample equation is given below (the cells will need to change). This equation uses natural log which students may not be familiar with…...IT IS USED BECAUSE………….
=LN(C4/B4)/($C$3-$B$3)
HINT:If performing these calculations or even entering the formulas) is too time consuming, the students could be given the calculations and then move to Step 6. 
5. Students should compare their data with other pairs for either N or P data to check their work. 
6. Students should highlight their data to graph. The cells that contain the data should be highlighted and copied, by stating in the upper left corner of the cell Growth Rate Averages, holding the left mouse down and dragging to cover all data to Day 13 0.05X N (as is highlighted in blue below).
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Once this data is highlighted,  Click on “ insert chart.” Then click on Chart Types and scroll down to Scatter. 
[image: image4.png]Data for Different Nitrogen Concentrations |
set Format Data Tools Addons Help Last edit was 6 minutes ago

% oo e mm - w0 - (B 7
-
Chart Editor
712412014 I
3 Recommendations | Chart types | Customization Help
w6 5
2 49E+06 5 Sheet1IA10:015 )
Growth Rate Averages | 1X N/ 0.5X N/ 015X N/
271E+06 6. V! Switch rows / columns 01X N/0.05X N
2.60E+06 6 v/ Use column A as headers. 1000
261E+06 6. v/ Use row 10 as labels XN
_—ooxn
_=oron
Dav - 0500 =T
0203 = oosn
0.835 L
0.840 0.000
e scater
0.882
0500
Map -1.000
Dayt D3 D5 Day7  Days Daytt Day13
Day2 Days Daye Days Dayi0 Dayi2
Growth Rete Averages





7.  Students will compare their graphs with  other groups with the same nutrient. They should look to make sure that the  graphs have a descriptive title, axes are labeled and a legend is visible. The growth rate will be growth/per day. The overall trends should look the same. When they are finished with their comparisons and have made any changes, they will  print out their graph. 
8. Students will discuss the graph and write a results statement explaining the trends of their nutrient  (N or P) concentrations over time. They should pay particular attention to what is happening from Day 1-5 and Days 6-13. At this time, students do not need to explain why this is occurring. 
9. Have N groups share their results statements with each other and as a group come up with common results statement. Have P groups share their results statements with each other and as a group come up with common results statement
10. Regroup students so that their is a pair of N students grouped together with a pair of P students (a super group). Have both pairs share their findings with the other nutrient group.   Then using prior knowledge AND based on the result statement from the gaphs, student super groups will write a paragraph that demonstrates their understanding of the experimental objectives (listed in the summary). The graphs, results statements and  written conclusions will be displayed in the classroom or hallway and 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. 
Assessment
· Self-Assessment:Students will compare their growth rate calculations with other groups with the same nutrient (N or P). 
· Self-Assessment: students will compare their growth rate graphs with other groups with the same nutrient (N or P). 
· Written assessment and class presentation of Student Super Groups. 
Additional Resources
· Dr. Amy ZImmerman’s PowerPoint presentation at the 2015 EARTH teacher workshop (link)
· Dr. Amy Zimmerman’s summary of her presentation (google doc)
· Intern Zena Jensvold paper available at 
http://www.mbari.org/earth/2015/presenters/zimmerman/Jensvold_Zena.pdf
· Game to show how different abiotic factors affect growth of microbes http://www.abpischools.org.uk/activescience/module3/group2.html
· Game with nitrogen and phosphorus in soil habitats https://www.nutrientsforlife.org/for-students (both for elementary and high school)
EXTENSIONS
Students can discuss further questions that they have based on the results that they see. What are other factors that they would like to test. How could they conduct an experiment to test these questions? What are the weaknesses of conducting this laboratory experiment to answer the MBARI experimental objectives? How could a field study be conducted?
The MBARI data is used for three different calculations (just density, growth rate and carrying capacity). Rating the Growth of Picophytoplankton, Carrying Capacity and Density.  It would be interesting to split students up and have the different groups follow the procedures for each of the parts. Then have students fill out an exit card (different color cards for the three lessons) writing down what the the take home message of the activity (what the student thinks is the take home message). 
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