Measuring Net Primary Productivity With Aquatic Plants 
Purpose & Background:
In this lab, you will measure the dissolved oxygen concentration using a Vernier Probe in order to calculate the net primary productivity (NPP) of the water & plant sample. 
In the atmosphere, the concentration of oxygen is about 200mL/L of air and in water it is usually between 5 and 10 mg/L.  The concentration of dissolved oxygen (DO) in aquatic environments is very important to water quality and animal health. 
The amount and distribution of dissolved oxygen in water is dependent on many factors, such as salinity, pH, atmospheric pressure and especially temperature. Usually increasing temperature and/or salinity can generally cause a decrease in DO. Since some dissolved oxygen can come from photosynthetic plants, nutrients can play a role in DO values.  The distribution of oxygen can be highly variable and affected by wind, currents and tides too. Also since it is the partial pressure of oxygen that affects solubility, altitude can be an influence. (At higher elevations, the air is less dense, therefore high altitude lakes contain less dissolved oxygen). In this lab, you will investigate the biological impacts on DO levels by measuring the photosynthetic and respiratory rates. 

Materials: 

3 plastic bottles 500mL

Aluminum foil


Thermometer
Elodea                                            DO Probe & meter

Screening

Procedure: 
1-
Select three approximately equal strands of elodea (8cm) and put one in each of three plastic bottles.  The bottles can be commercial ½ liter spring water bottles. Be sure all labels are removed.
2-
Slowly add water to each of the bottles.  Do not splash the water in or aid in dissolving oxygen in your preparations.  Fill the bottles to overflowing and turn the bottle upside down to make sure there are no air bubbles.  Place the screw cap on tightly. 

3-
Carefully wrap one of the bottles completely with aluminum foil so that no light can get to the contents of the bottle.  Label this with your group names and “dark bottle.”
On the second bottle, simply label your group name and “light bottle.”
The third bottle is to be covered with 1,2,3,4 or 5 layers of screening according to your lab group number. Label the bottle appropriately. 
4-  Place all three bottles on their sides under the grow light for 24-48 hours. 
5-
We need to measure the amount of dissolved oxygen in the water supply used to have an initial reading. (We may do this as a class). Prepare a filled up plastic bottle in the exact same way that you prepared the test bottles. Be careful to avoid splashing when collecting the water to test. Use a DO probe to find the DO reading in mg/L. FYI, this unit, mg/L, is equal to the unit parts per million (ppm) so this is a pretty low concentration. Record this as the DO initial value in Data Table 1. 
6-
After the 24 hour period, use the DO probes to measure the amount of oxygen in your light bottle, dark bottle and the bottle with the screens. Record in Data Table 1. 
As you are taking the DO measurements, find the temperature of the water: ______°C

8-
When you are done with the experimental part of the lab, put the elodea back into the pond water container. Rinse out the bottles and recycle them. 
Data
Data Table 1
	Sample
	% Light
	DO (mg/L 
or ppm)
	GPP (mg/L)
	NPP (mg/L)
	RL (mg/L)

	Initial Bottle
	
	
	
	
	

	100% Light Bottle (after 24 hrs)
	100
	
	
	
	

	Dark Bottle  (after 24 hrs)
	0
	
	
	
	

	Screen #1 Bottle (24 hrs)
	80
	
	
	
	

	Screen #2 Bottle (24 hrs)
	60
	
	
	
	

	Screen #3 Bottle (24 hrs)
	40
	
	
	
	

	Screen #4 Bottle (24 hrs)
	20
	
	
	
	

	Screen #5 Bottle (24 hrs)
	2
	
	
	
	


Data Table 2

	Sample
	% Light
	mg C/L 

	Light Bottle (after 24 hrs)
	100
	

	Screen #1 Bottle (after 24 hrs)
	80
	

	Screen #2 Bottle (after 24 hrs)
	60
	

	Screen #3 Bottle (after 24 hrs)
	40
	

	Screen #4 Bottle (after 24 hrs)
	20
	

	Screen #5 Bottle (after 24 hrs)
	2
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Analysis of your results:      Remember: NPP = GPP – RL                                             

1)  Using the DO value from your dark bottle (which should have had no photosynthesis occurring), calculate the respiration loss (mg O2/L). Since they are the same plant, we will use this as the RL value for all bottles. Record this in Data Table 1. 
2) Next, calculate the net primary productivity for all bottles. Your initial DO value tells you whether there was some level of DO present in the water from the beginning. The difference between these values is your gained oxygen overnight.
3) Now that we have NPP and RL values for all bottles, calculate the GPP for all bottles.
  4) We were measuring photosynthesis and respiration by the amount of oxygen present. Now let’s determine the amount of carbon that was fixed by Elodea (in glucose) in each of the samples (mg C/L). Start with the GPP value and use the following conversions. Record in Data Table 2.

1 ppm O2 = 1 mg/L O2 
1 mg O2/L = 0.70 mL/L O2 
1 mL/L O2 = 0.54 mg C/L 
3) Make a line graph of the GPP values in DO (mg/L) as a function of light intensity (% light). Remember the independent variable always goes on the x axis and the dependent variable goes on the y axis!
Analysis questions:   To be answered in your lab report
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1) The temperature of water affects how much oxygen it can hold. Use the nomograph below to find the % saturation of our 100% light bottle. Mark a dot at the water temperature and at the oxygen content. Then use a straight edge to draw a line between them. Where it crosses the middle line is the % saturation. 
At your water temperature, what DO concentration (mg/L) would be 100% saturation?

2) Looking at Data Table 2, what is the relationship between oxygen production and assimilation of carbon? Explain why.

3) Looking at Data Table 1 and your graph, estimate at what light intensity would you expect there to be no gross productivity? No net productivity? 

4) Would you expect the DO concentration of water samples taken from a lake at 7:00am to be higher or lower than samples taken at 5:00pm?  Explain. 

5) A mammal uses only about 1-2% of its energy in ventilation (breathing), while a fish must spend about 15% of its energy to move water over its gills. Explain this huge difference in their efforts to collect oxygen. See the background section!

Conclusions:  Most important section to pull data together!
When writing your conclusion paragraph for the lab report, explain the trends seen in the DO data, GPP values, and NPP values. Describe why the trends occurred! Discuss any sources of error in the experiment and/or unexpected results. Lastly, apply the conclusions to primary productivity in real aquatic ecosystems (why would it be good to calculate these values?). 
