Dissolved Oxygen and Primary Productivity

Name: _____________________________
Adapted from 2001 AP Bio Lab #12, the College Board 
A Model of Productivity as a Function of Depth in a Lake 
In this activity, you will investigate the effect of varying light levels on dissolved oxygen in an algae-rich water culture. 

1. Define Primary productivity:  

2. Describe the relationship between primary productivity and rate of photosynthesis: 

3. To measure primary productivity, you can measure any one of the following rates: 


Carbon dioxide production or carbon dioxide utilization?


Oxygen production or oxygen utilization?


Carbohydrate production or carbohydrate utilization?

In this lab, we are going to look at measurements of oxygen production.  Because we are examining an aquatic environment (such as a lake or stream), we will refer to the DO concentration, where DO stands for Dissolved Oxygen.  The units for DO are mg oxygen/ L water.

In an aquatic environment, the amount of light available for photosynthesis drops off sharply with increasing depth. 
4. Predict the primary productivity near the surface of a lake vs. at the bottom of a lake and explain why.  Draw a (quick, rough) graph of your predicted relationship between primary productivity vs. lake depth (which variable goes on X axis?  Which on y axis?  Does the line slope up or down?  Do you think the line will be straight?)

5. Besides lake depth, what other variables found in natural lakes could affect primary productivity?  Name at least three other variables.

To test the effect of light intensity on primary productivity, scientists have done a controlled experiment in the laboratory.  By doing a controlled experiment, they should avoid the errors inherent in having several lake variables that could affect productivity.  The laboratory technique is to fill several bottles with algae & water, and then wrap the sample bottles with increasing layers of screen, as shown in the overview diagram below. 
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Measuring Dissolved Oxygen under Varying Light Conditions 
On the first day of the laboratory, you measure the amount of oxygen present in your original sample. You then measure the amount of oxygen present after 24 hours under the light conditions in each bottle. 

Analysis of Results 

Look at the illustrations below and then answer the questions.
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6.  Explain the relationship between photosynthesis, respiration, gross productivity, and net productivity.  Use words rather than mathematical equations.

Sample Data 

A biology student inadvertently removed all the screens and labels from the water-sampling bottles before he measured the amount of dissolved oxygen. When he tested the unidentified bottles, he obtained the results shown below. 

The initial oxygen reading for this water was 4 mg O2/L. Based on the prediction that light increases productivity, enter the letter of the bottle that corresponds to each light percentage. Then complete the rest of the table and graph the gross and net productivity for these data.
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	% Light
	Bottle #
	Gross Primary Productivity 

(this bottle-dark bottle)
	Net Primary Productivity

(this bottle – intial oxygen reading)

	0
	
	
	

	2
	
	
	

	10
	
	
	

	25
	
	
	

	65
	
	
	

	100
	
	
	


Graphing Hints 

· Be sure to label both x- and y-axes on the graph. Place the independent variable on the x-axis and the dependent variable on the y-axis.  

· Give your graph a title.  It should be more detailed than “Productivity graph”- make your title contain enough information that a reader could understand the purpose of the graph even if they hadn’t read the laboratory procedure.
· Be sure to mark units correctly on the graph — the interval between 2% light and 10% light is NOT the same as the interval between 10% and 25%! 

· Include both the gross primary productivity and the net primary productivity on your graph.
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Analyze graph: 

7.  Why are the values of DO for net primary productivity always lower than the values of DO for gross primary productivity?
8.  At what light intensity do you expect there to be: 

a.  No gross productivity?

b.  No net productivity?
9. Discuss how the level of primary productivity would affect the number and size of trophic levels in the ecosystem.
