BIO 478

Population Ecology Lab Exercise
Objectives for Labs I and II:

1. To de-mystify the logistic model by seeing how the entire model could be created in a spreadsheet.

2. To give you experience in using a spreadsheet for more than storing data. 

3. To demonstrate that the linear equation relating r to N (and the corresponding graph) is the heart of the logistic model, and that this gives rise to 3 other graphic illustrations of how populations behave.

4. To appreciate that, contrary to what you may have been told in other classes or textbooks, the logistic model does not always predict a sigmoid growth trajectory. 
5. To show that, even though the logistic model incorrectly assumes a linear relationship between r and N, a more realistic model behaves similarly to the logistic model, except in predicting the population size that produces the maximum yield. 

On the Population Biology Laboratory Exercises in this class:

1. Please do work with other students to complete mechanical tasks, and to discuss conceptual answers. However, you must write an individual report, such that your report reflects your understanding.

2. When appropriate, write your answers in complete sentences, and use terms correctly and carefully. 

Lab I: “the” Logistic Model

1. Draw the straight line logistic model of  r versus N (r on y-axis, N on x – axis) with rMax =1 and K = 100.   Based on this graph, what is r  when population is 25?  ___  When N= 50?  ___  When N = 75? ___ When N = 100? ___ (2pts)



2. If a population began at 1, use this graph to draw another one that shows how population would grow through time.  Recall that the number added each year  = rN, so at the end of the first year you would have 1+ (N)(r) = 1 +(1)(.99) = 2. (Note that you can use rough estimates of r and can round to whole numbers for # added).  Fill in the following table and then graph the result (4pts)
	Year
	N
	r
	# added

	1
	1
	.99
	1

	2
	2
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	




Open the Excel file named  logistic model on the class webpage
· Make a copy of the Excel data file and then do all the exercises on this sheet using the copied file.  You will be modifying the spreadsheet as you go, so if you keep an unmodified copy on your computer, if things get screwed up along the way, you can always go back to the original data file and start again.  For the purposes of this lab exercise, do not make any changes EXCEPT to the 3 cells on the page of graphs and state variables.

· In all of these exercises you will use K = 100. Your conclusions would be the same for any value of K, as long as K is a constant. 

In this lab you will use Excel, which is a type of spreadsheet software. To complete the exercise, you need to:

· Note that there are two pages or “sheets”, one labeled  “Models” and the other labeled “Graphs & State Variables”.  On the “Graphs & State Variables” sheet, you will see lots of graphs that are generated based on mathematical formulas on the “Models” page.  However, we want to see how the graphs on the “Graphs & State Variables” sheet change as we change three variables (rmax, harvest and populations size (N)) that are used in the formulas.  So any equation on the “Models” page that uses these three variables has to refer to cells (M5, N5, O5) on the “Graphs & State Variables” page.  Go to that page and find these cells.  Change rmax to 1.  See how the graph changes?  Cool, huh?

· How does one write an equation on one page that refers to the three cells on another page?

Look at the equation for r under logistic on the “Models” page (click on cell D6 at the top of the column highlighted in yellow).  You will see the equation on the tool bar “=MAX(-1,'Graphs & state vars'!$M$5*((100-B6)/100))”  This equation has several parts.  First the “MAX(-1” part means that r can never be less than -1. Given what you know about r, why is this the case?  The “graphs and state vars’!$M$5” part of the equation refers to cell M5 on the graphs and state variables page.  In other words it represents whatever value of ‘r max’ we happen to type into that cell.  So if you change the value of rmax in cell M5 on the ‘graphs and state vars’ page, it will automatically change the value of r max used in the formula.  Much easier than having to redo the equation each time we want to change r max values.   The last part of the equation (100-B6)/100) simply means “(100 – the value in cell B6)/100.  Note that Column B values represent N, the population size.  So overall this equation says that r = rmax(100-N)/100.  Given that 100 is what we have chosen as K, rewrite this formula using only the terms r, rmax, N and K.  _____________________ (0.5pt)
Find this equation in your lecture notes to see how this lab exercise relates to our discussion in lecture.  
On Graph 1, there are 2 functions relating r (instantaneous per capita rate of increase) to N:

· Blue line: plot of column I versus column B This is a line characteristic of most big-game populations. We have evidence that many big-game species follow such a curve. (You can see the formula in column I, and yes it is an ugly formula, which is one reason why the much-simpler logistic is popular.

· Red line plot of column D versus column B: This is the line for the logistic model. Notice it is a straight line passing through (0, rmax) and (K,0). If rmax is set to 1,  this red line graph will look exactly like the line you drew in step 1 above.   Note that the formula prevents r from exceeding –1. (To see why this is helpful, think about what an r of minus 101% would mean! ).  
· 3.  Set rmax = 1.0 and initial population size = 1, and harvest = 0.  Look at Graph 2 on the “Graphs” page , this should look exactly (or pretty darn close) like the graph you drew in Step 2 above. Note that it is based on the columns in the second half of the “Models”  page.  Go to that section and look at how the numbers for N, r and r(n) have been calculated exactly as you did.  Now you see that the computer is simply doing everything you did with half the work. No mysteries here!
(a) Fill in the following blanks with verbs to correctly complete the following sentence: “As N increased over the first 9 years, r steadily ______________, while the annual net increment _____________ for the first few years, reaching an extreme in year _____, and then annual net increment ___________ for the last few years” (1pt)
(b) Wait a minute! The annual increment in the first 3 years was tiny even though r was close to maximum! How can this be correct!? Well, tell me – why is it correct?: (1pt)
4. Set N0 = 1, and harvest to zero. Change the value of rmax, using the following values: 0.5, 1.0, 2.0, and 4.0. Look at Graphs 1 through 4 each time. 

(a) Take a moment to appreciate how much work you saved yourself by using the EXCEL language that referred all the equations to this one value that you can manipulate.  

(b) Satisfy yourself that all 4 graphs display the exact same information. 

(c) For the 3 logistic (red line) model graphs: which graph forms the basis for the other 3 and therefore is the most fundamental form of the logistic model? Why? (2pt)
(d) Change the value of N0 to 130, and examine the logistic model results in Graph 2 for rmax = 0.1, 0.5 and 1.1. What is the population trajectory over time? Is this still the logistic model? Why or why not? (2pts)
(e) Set N0 = 1, and harvest to zero. Change the value of rmax, using the following values:  0.5, 1.0, 1.5, 2.0, 2.5. 3.0, and 4.0. Look at Graphs 1 through 4 each time. At what value of rmax (approximately) does the population first show the ability to overshoot K (red line model)?   ______  0.5pt
(f) At what value of rmax does the population first show behavior that is much more bizarre than overshoot followed by damped oscillations (red line model)?  _____  0.5pt
(g) Does the bizarre behavior persist even if the population starts very close to K (e.g., even if you set N0 to99)? ____0.5pt
(h) From the last answers, you can see clearly that the logistic model is completely worthless for species with rmax values this large. Is this a problem? Do you think any vertebrate species have r-values this large? (If so, name a couple, including a game species). Would you use the logistic model for these species? (3pts)
5. One of the fundamental predictions of the logistic model is that greatest net productivity(recruitment) will occur when N = K/2.  Graph 3 shows this clearly). 

a. For the logistic, does this conclusion hold for all values of rmax between 0.5 and 4?  0.5pt
b. Does the conclusion still hold when you use the more realistic model (blue line)? If the conclusion changes, describe the nature of the change.  1pt
6. Growing directly out of the prediction that maximum productivity occurs at K/2, is the idea that the maximum number of individuals that can be harvested sustainably is when population is maintained at K/2.

To investigate this, set N0 (initial population size) to K/2 (50).   Examine Graph 4 to determine if the harvest is sustainable (dashed line).

At N=50, rmax =0.5 what is sustainable yield?  _________ (0.5pt)

At N=50, rmax =2.0, what is sustainable yield?  ________ (0.5pt)

Now vary rmax from 0.5 to 3.0 in increments of 0.5. For each value of rmax, read the maximum production from Graph 3 and set harvest at (or, to be safe, one animal less than) that production.  Examine Graph 4 to determine if the harvest is sustainable.

For the logistic model, is harvest set just under maximum productivity sustainable for all values of rmax between 0. 5 and 3.0?  If not, for which does it hold? (1pt)
What happens (in Graph 4) to the size of the population as the harvest increases from a low level to a level close to the maximum sustainable harvest when rmax is approximately 1 (a typical value for deer)? Based on this, can a manager simultaneously manage a deer herd for large N and maximum harvest?  Why?
Which would you recommend, maximum sustainable yield or something slightly lower? Why?(1pt)
What does the recruitment graph for the more realistic model suggest about maximum sustainable yield? Why?(1pt)
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