Gen. Ecology, EEOB 404                                     -7-                                            Fall, 2003

Population Dynamics Problem Set 

Spreadsheets are particularly useful to study simple population models, especially once one learns to translate the model into spreadsheet syntax—i.e., masters the mechanics of using spreadsheets.  The following problems can be solved easily on a spreadsheet, and many hints are given here for use with Microsoft Excel software.  Total points = 26, as shown after each question.  

Instructions—read CAREFULLY, REPEATEDLY.  See syllabus for due date.  Do all the work in a spreadsheet, and print out the spreadsheet, when you turn this exercise in for credit.  Clearly number each problem, and write out your answers near the graphs supporting the work.  An easy way to put text into the spreadsheet is to select the “drawing” tool of Excel, then select text box, put a text box onto your spreadsheet, and then type your text into the text box.  You can then modify the size and shape of the text box to fit the available space.  Please do not hand in any hand-written work.  Xerox copies will not be accepted.  You are expected to do all work for this problem set individually.  The only thing you are permitted to discuss with classmates is the mechanics of setting up problems in Excel.  Expect to spend 10-20 hours on these problems, which means you cannot leave them until the last minute and expect to complete them!  Use them to study the material in the section of the class on Population Ecology. 

1.  Consider the following cohort life-table data for Poa annua, an annual, weedy grass living in a highly seasonal environment (with little to no growth in the winter season).  The questions 1a-d below require calculating the entities shown as column heads on this lifetable, using columns in a spreadsheet.  Do the spreadsheet, including the first two columns (lx as a probability and bx  [same as mx, i.e., fecundity]), and then answer the questions for this problem.

Age

lx
bx
lx*bx
lx
loge(lx)

Lx
Tx
ex

(in months)

____________________________________________________________________

0-3

1.000
0.00

1000

3-6

0.820
0.42

6-9

0.64
1.18

9-12

0.366
1.36

12-15

0.19
1.46

15-18

0.059
1.11

18-21

0.019
2.00

21-24

0.003
3.33

24-27

0
0

a. What is the net reproductive rate (R0) for this population?  Show where your answer came from on your spreadsheet (by circling the answer on the spreadsheet).  Be sure to use the correct lx values, i.e., those representing probability of survival!  (3 pt.)
b. Is the population growing, declining, or remaining constant, and why? (3 pt.)

c. What type of survivorship curve does this population have (I, II, III, or a mixture)?  Create a survivorship curve to answer this question, i.e., a graph of loge(lx) versus time, in which l0 is 1000. (3 pt.) 

d. Calculate Lx, Tx, and ex (life expectancy) columns for these data (see Stiling text and lecture notes), and then plot life expectancy as a function of age. Describe this curve in words, noting how it deviates from a linear relationship, and what it tells you about this population.  In describing how this life expectancy curve deviates from a simple linear decline, speculate on possible reasons for why the curve declines more or less sharply at different plant ages, and how this might be related to life in a seasonal environment.  [Hints: use lx, where l0 = 1000, for your nx values here (see Stiling text pp. 68-69).  Also use average age, in months, as your x values for purposes of plotting.  For example, the average age in the first time interval is 1.5 months.] (8 pts.) 

2. Consider the data in the static life table below for red deer (Cervus elaphus) hinds (i.e., females), from the Isle of Rhum, Scotland.  This is a nature reserve, but one where hunting and culling were permitted so as to keep the deer from overpopulating the range.  Mortality data come from both deer that were shot and those that died of natural causes.  (Note: This is NOT the white-tailed deer!)

Age(x)
lx
loge(lx)
dx
qx
lx
bx
lx*bx
x*lx*bx
Lx
Tx
ex

(years)

__________________________________________________________________________

0-1
1000



1
0


1-2
830




0

2-3
765




0.311


3-4
693




0.278

4-5
600




0.302

5-6
519




0.400

6-7
444




0.475

7-8
352




0.357

8-9
178




0.448

9-10
57




0.288

10-11
50




0.282

11-12
45




0.286

12-13
31




0.282

13-14
29




0.282

14-15
16




0.284

15-16
7




0.284

a. Calculate dx, lx (as a probability, starting with l0=1), and the other columns in the table, using a spreadsheet.  Plot loge(lx), where l0 = 1000, and describe what kind of survivorship curve this species represents (type I, II, III, or a mixture). (3 pt.)  

b. Plot qx on arithmetic (i.e., non log-transformed) axes, and compare this curve with the lx curve.  Why do you think this species has the peculiar change in survival patterns it exhibits at middle age?   [Hint: At exactly what age is there a change in survival (or, conversely, in mortality), and how does this relate to other aspects of the red deer’s life-history at the same age(s), based on information in the life-table?] (6 pts.)
c. Calculate R0, Ts (for generation time in a static life-table), and then use these entities to estimate rm for this population (don’t use the Euler equation).  Is the population growing or declining based on your calculation of r? (3 pt.)
d. Calculate Lx, Tx, and ex columns for these data, and then plot ex versus x. Describe this curve in words.  How can you explain the “anomaly” (changes in shape of this ex curve), and what does it tell you about this population? You may need to think about this, and study exactly what is happening at the ages at which this anomaly occurs. [Hint: use average age for x in plotting ex—this is often called “pivotal age”.]  This question and question 1d are designed to get you to think about exactly what is meant by ex. (6 pts.)   

e. Compare your curve of ex in the red deer with ex in Poa annua, and try and explain all the differences you see, both in general trends and age-specific changes.  You may find it useful to plot the two curves on the same graph, but if  you do so you will need to scale age to a percentage of total age.  Bear in mind that these two organisms have very different maximum longevity, and that the age scales are different! (3 pt.)  

3. Consider a population beginning with N(0) = 10 individuals and growth rate  = 1.7.  Model geometric growth of this population for 50 time units (years, say) on a spreadsheet and answer the questions below. 

[Hints: type the values for N(0) and into two different cells (think of them as “initial conditions” cells) of the spreadsheet, and label these two cells by typing the label into the two cells above these initial condition cells.  In a nearby cell start a column with time units, beginning with 0 and incrementing by 1 each cell below it down to a total of 50 cells in the column.  (An easy way to get this series of times beginning with 0 is to select the initial cell, highlight all the cells below in the column, then select “fill” and “series” from the edit menu, and increment by 1 digit each step in the series.)  Next, in the cell immediately to the right of the time = 0 cell, type <= > (i.e., type just what’s within the <  > symbols), and then click on the cell containing the initial population size.  This will put the address of that cell after the “=“ sign.  Then, before executing this operation, put a <$> sign in front of both the letter and the number of the address of the cell with the initial population size:  This turns the address into an absolute address, and excel witl go back to exactly that same cell each time it is asked for initial population size.  Now when you click on the green check, to indicate you want to execute the calculation in the cell (or hit return), the cell will display the value of the number in the initialization cell (for N(0)) that you clicked on.  Next, in the cell below the one containing N(0) type <=> followed by an expression for the population size one time unit later as a function of the population size in the cell above.  In other words, type <=>, click on the cell above to select an N, then type <*$A$1>, where A1 is the cell with the value for .  The $ signs preceding the “A” and the “1” again specify that Excel should always put into the expression the value of the initial condition cells indicated, no matter where you’re typing an expression on the spreadsheet (i.e., $ sign in front of a row or column cell address indicates “absolute address”); and the “*” indicates the operation of multiplication.  Now that you’ve got a mathematical expression for the new population size (N(t+1) as a function of the previous population size (N(t)) in the cell above, and you’ve clicked on the green check to execute the operation, you can use the fill down function (edit menu) to copy the same expression all the way down the population column to complete the model.  Excel will automatically calculate the new population sizes all the way down the column.  You can graph these numbers easily by highlighting the column with the population sizes to be graphed, then clicking on the symbol for “chart wizard”, clicking on a cell where you want to start the chart, and following instructions in the chart wizard menu.  (Note: you can subsequently alter the value of the initial population size or the , in the initial value cells, and all subsequent calculations as well as the chart will be re-done, so you can easily alter the output of the model just by altering initial conditions.)]

a. What is the shape of the curve you have generated with your model?  Include a graph or two to justify your answer.  Note that you can now go back to your original conditions cells, change a value there (either or N(0)), and watch Excel automatically change all other calculations in the spreadsheet dependent on those values, and change any graphs with the output.  This is how you can easily study the model and how it behaves. (3 pt.)    

b. Does the shape of the curve change for different values of subject to the condition > 1?  If so, how does it change?  In answering this question, keep in mind that you may not be seeing parts of the curve, depending on how slowly you grow the population, because it may take more than 50 time units to show what the population is capable of doing given enough time.  (3 pt.)

c. What is the shape of the curve for  = 0.5?  Include a graph, to justify and support your answer. (3 pt.)
d. Reset your N(0) to 1 individual, in the appropriate location on your spreadsheet, in such a way that the spreadsheet recalculates the population growth.  After how many time units does your population reach 1 million individuals?  2 million?  Does it take the same amount of time to grow from 1 million to 2 million individuals as it does to grow from 1 individual to 1 million individuals?  What does this tell you about the effect of both N and r in your model on population size and on incremental growth in population size in a time unit? (3 pt.) 

e. What is the shape of the curve of log(N(t)) versus t?  Why does a logarithmic transformation of N(t) give a straight line with the Geometric model of population growth? (Use any base of logarithms to answer this question:  type <ln(N(t))> for calculations in base e, or <log(N(t))> for base 10.) (3 pt.)
4. Use the exponential model to illustrate population growth on a spreadsheet.  In this model, you want to use the solution to the exponential model, given in class, and use the value of time (“t”) to calculate each new population (unlike the geometric model in which you calculated each new population size from the population size in the cell representing the previous time unit).  To begin with, use the same initial conditions as in Problem 3. 

[Hint: type <= $A$1*exp($A$2*A3)>, where  $A$1 is the address of the initialization cell containing N(0), $A$2 is the address of the initialization cell containing population growth rate “r”, and A3 is the address of the cell (immediately to the left of the one you’re working in) and containing the t value for which you want to calculate N(t).  You can then fill down to complete your calculations for subsequent time periods using this model.]

a. Is the shape of the curves generated by this model the same as in problem 3?  Include one or more graphs to justify your answer. (3 pt.)  

b. What value of r would you use to give exactly the same curve as you got in problem 3 using  = 1.4?  Show how you got this answer. (3pt.)
c. Use your model to estimate the doubling time for a population with r = 0.25, 0.5, and 1.0.  Put these results into a small table (with columns containing different values of r and corresponding values of doubling time), and explain in words the relationship between doubling time and r. (3 pt.)
5. The logistic model of population growth can be put on a spreadsheet in much the same way as the exponential.  Values for time (t) are plugged into the model using the adjacent cell in the time column, and initial value cells contain N(0), r, and K (carrying capacity).  Use the expression of N(t) as a function of K, N(0), r, and t (i.e., use the solution to the logistic model as given in class) and model a population in which N(0) = 10, r = 0.8, and k = 500, and continue the model for 50 time units or cells in the population size column.  [See lecture notes on “Population Limitation”, for the solution to the logistic model.]

a. What is the shape of the curve resulting from this model? Show your graph to back up your answer. (3 pt.)
b. How do changes in r influence the shape of the curve generated by the logistic model?  Again, show several graphs to support your answer. (3 pt.)
c. How does the model behave if the initial population size is greater than K?  Show a graph to support your answer. (3 pt.)
6. A discrete-time model for a population growing in a limited environment is given by the difference equation Nt+1 = Nt*e[r*(1-(Nt/K))].  [Note: “e”, the base of natural logarithms, raised to a power is modeled in Excel by <exp()>, where the expression for the power is placed inside the parentheses.]  This model can be put onto a spreadsheet in much the same way as the geometric model, by calculating the value in each cell in the population size column by including the value for the preceding population size in the cell above.  Initial value cells in this model contain the model’s constants or initial conditions: N(0), r, K.  Model this population for initial values as in problem 5, and for 50 time units.

a. What is the shape of the curve generated by this discrete-time logistic model, and how does it compare with the curve generated by the logistic model in problem 5? (3 pt.)
b. What is the shape of the curve if r = 1.65?  r = 2.15?  r = 2.8? r = 3.7?  Please produce a graph for each of these r-values, and describe each resulting graph in words.  Why does the model behave in the ways it does? (3 pt.)   

c. At roughly what values of r does your model illustrate stable limit cycles?  At what values does “chaos” begin to occur?  Based on your answer to this question, what doe you think is meant by “chaos”? (3 pt.)
d. How do you think this model could motivate further studies of populations in nature, such as r-selected insect populations? (4 pt.)
