Biomathematics Problems:
Deer Overpopulation Solution



For this project, you will pretend that you are a member of a wildlife organization that is studying the problem of deer overpopulation.  You will see how a mathematical model (formula) is used to understand this problem.  Suppose the deer population in a wildlife refuge grows with an annual growth rate of 40%.  Each year hunters eliminate 50% of the deer from the region.  Also, the state’s wildlife department moves 100 new deer into the area each year (restocking).  Suppose the initial number of deer is 500.  To avoid problems with having too many deer, the wildlife refuge wants to keep the number of deer below 600.

Let xn represent the number of deer in year n.  In other words, x0 is the initial number of deer in year n = 0 so x0= 500.

1.  
If x1 is the number of deer in year n = 1, find a formula to describe the relationship between x1 and x0. 
[x1 = x0 + .40 x0 - .50 x0 + 100 = .9 x0 + 100]

2. 
Find a formula to describe the relationship between x2 and x1.  [x2 = .9 x1 + 100]

3.
A difference equation is an equation the expresses the relationship between xn, the number of deer in year n, and xn+1, the number of deer in the next year n+1.  Write the difference equation for the deer population xn+1 in the next year in terms of xn. 
[xn+1 = .9 xn + 100]

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. 
[500, 550, 595, 636, 672, 705]

5. 
If the restocking level is held at 100 deer annually, what percentage of the deer should harvested annually to keep the number of deer below 600? Write the new difference equation and graph it for 0 ≤ n ≤ 5.
[hunting level = 55%;  xn+1 = .85 xn + 100;  500, 525, 546, 564, 580, 593]

6.
If the harvesting (hunting) percentage is held at 50% annually, at what level should the deer be restocked annually to keep the number of deer below 600? Write the new difference equation and graph it for 0 ≤ n ≤ 5. [restock 74;  xn+1 = .9 xn + 74;  500, 524, 546, 565, 583, 598]

7.
Suppose budget cuts force the refuge to suspend its restocking program.  Your wildlife organization studies the model from #3 except that there is no restocking. Write the new difference equation.  Graph the solution for 0 ≤ n ≤ 5 years.  What long term prediction does your organization make about the deer population with no restocking? [xn+1 = .9 xn;  500, 450, 405, 365, 328, 295;  deer will die out over time]

8.
Your wildlife organization successfully lobbies to reinstate restocking, although at a reduced level of moving in 50 deer per year.  What level of hunting do you recommend to keep the deer population below 600?  Write the new difference equation and graph it for 0 ≤ n ≤ 5.


[hunting level = 46%;  xn+1 = .94 xn + 50;  500, 520, 539, 556, 573, 589]

9.
Compare the sequence of numbers for the difference equations for #6 and #8. Which scenario is better?  Why?  [if you want to have as many deer as possible, choose #6;  if you want to have fewer deer, choose #8]

10.
Predict the number of deer after 5 years using your answer to #9.  [Either 598 or 589]
