Biomathematics Problems:  Zebra Mussel Overpopulation
by Debra Hydorn and Suzanne Sumner


For this project, pretend that you are a member of an environmental planning division of a large manufacturing company that is studying the problem of zebra mussel overpopulation clogging their intake pipes.  A mathematical model is used to investigate this problem. Suppose the zebra mussel population at a particular factory is initially 3000 cm2.  (Since zebra mussels are relatively small creatures we'll measure their population by the size of the area they inhabit.) Suppose also that the zebra mussel population has a 30% growth rate, that the company's efforts to eliminate them removes 35%, and that 1000 cm2 are added to the population each year from outside sources.  The company has determined that if the zebra mussel population is kept at a level below 2500 cm2 it will be able to maintain its production processes. 

Let xn represent the amount of zebra mussels in cm2 in year n.  In other words, x0 is the initial amount in year n = 0 so x0= 3000.

1.  
If x1 is the amount of zebra mussels in year n = 1, find a formula to describe the relationship between x1 and x0. 


2. 
Find a formula to describe the relationship between x2 and x1.  

3.
A difference equation is an equation the expresses the relationship between xn, the amount in year n, and xn+1, the amount in the next year n+1.  Write the difference equation for the amount of zebra mussels xn+1 in the next year in terms of xn. 


4.
Determine the values for x0, x1, x2, x3, x4, x5.  You can do this calculation by hand or you can use a calculator or spreadsheet.  Graph these values of xn on the vertical axis for 0 ≤ n ≤ 5 years on the horizontal axis. 


5.
If the elimination percentage is held at 35% annually, what level of new zebra mussels can the process withstand to keep the population below 2500 cm2?  Write the new difference equation and graph it for 0 ≤ n ≤ 5.  
6.
If the level of new zebra mussels added to the population is held at 1000 cm2  annually, what percentage of the zebra mussels should be eliminated annually to keep the population below 2500 cm2?  Write the new difference equation.  Graph this equation for 0 ≤ n ≤ 5. 

7.
Suppose budget cuts allow the company to only remove 50% of the zebra mussels annually and the level of new zebra mussels is maintained at 1000 cm2 annually.  Your division studies the model from #3 including this 50% elimination rate.  Write the new difference equation and graph it for 0 ≤ n ≤ 5.  Describe the resulting sequence.  What is the problem with this scenario? 
8.
Your division successfully lobbies the company's management to ensure that the level of new zebra mussels is maintained at a lower number.   What number of new zebra mussels can your plant withstand while removing only 50% of the population annually and still keep the population below 2500 cm2. Write the new difference equation and graph it for 0 ≤ n ≤ 5.  

9.
Compare the sequences for the difference equations for #6 and #8. Which scenario is better? Why?  

10.
Predict the amount of zebra mussels after 5 years using your answer to #9.

Questions for Biologists:

1.
Does it make more sense to measure zebra mussels by their area or volume?  What is a reasonable upper bound on the population of zebra mussels, considering the size of the factory’s intake and outtake pipes?

2.
What are reasonable values for the annual growth rate and elimination rate in your area?  In Virginia, a population of zebra mussels was successfully eliminated from a body of water.  How could this be done?

