Lab II – Simulation Models

Now you will use the Excel file population simulation model excel sheet.xls. Once again the first sheet is the model, and the 2nd sheet contains the graphs.  There is a single “adult” age class, called class “>1” and it includes all females aged 2 and older. These individuals survive to the next year (staying in the same stage!) with the probability specified in Column N. To see how this works, look at the formula in Column D. There you will see that individuals enter the cell either by surviving from the same stage of the previous year, or by surviving from the 1-year-old age class. This sort of model is called a stage-structured model, instead of an age-structured model, and this is the most common type of simulation model used in wildlife management. 

· Theoretically, this age class could include a few individuals that are of “infinite” age, and you may be concerned about such a biological absurdity. However, with a survival rate of 0.75, the probability of surviving to age 10 is 0.75 raised to the 10th power, or 5.6%, and the probability of living to age 15 is 1.3%, and the probability of living to age 20 is 0.3%. This sort of age structure is not unrealistic for game animals like deer or elk. 

· More importantly, mathematicians have proven that this sort of stage-structured model produces exactly the same results as an age-structured model for all the purposes we care about. Because it is much easier for you to build and use a model with 3 stages than one with 10 or 20 ages, this is good news! 

1. Look at the formulas in columns I through N.  Note that in cell I5 the equation is “=IF(E4<120,0.4,0).  Recall from class that this means “if cell E4 (population size (N)) is less than 120, then fecundity is 0.4, but if E4 is >120 then fecundity is 0”.  Note that in the next cell to the right (J5) the formula is a bit more complex: “=IF(E4<70,1.8,IF(E4<150,1,0.4)).  This simply allows you to have three outcomes “if E4 (population size (N)) is less than 70 then fecundity is 1.8, if E4 is between 70 and 150 fecundity is 1 and if E4 is >150 fecundity is 0.4”.  Now draw simple bar graphs showing the relationship between the 3 stage-specific fecundity rates and N, and between the 3 stage-specific survival rates and N.  I’ve done the second one for you. You do the rest (just look at the equation in each column and interpret it) (Hand-drawings are fine – no need to make a computerized chart.)

FECUNDITY

	0-year-olds 
	
	
	1-year-olds 
	     1.8


	
	
	adults
	

	1.0
	
	
	1.0
	
	    1.0
	
	
	

	0
	
	
	0
	
	
	     0.4


	
	

	
	
	
	
	70
	150
	(
	
	

	
	N
	
	
	
	N
	
	
	N


SURVIVAL:

	0-year-olds 
	
	
	1-year-olds 
	
	
	
	adults
	

	1.0
	
	
	1.0
	
	
	
	
	

	0
	
	
	0
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	N
	
	
	
	N
	
	
	N


2. (a) From your bar graphs, do you expect this population to show density-dependent population growth? Why? 

(b) Are all of the vital rates density-dependent? Do any show inverse density-dependence? Any other pattern? (Note “vital rate” is a general term for birth rates, death rates, emigration rates, sex ratios, and the like.) 

3. (a) From these graphs only (that is, without looking at the results of the model), can you be certain that the population has a carrying capacity K? Why or why not? If so, can you predict what K will be for this population? If so, give your estimate and explain how (looking only at the graphs above) you obtained it. 

(b) Did the field biologist need to have an estimate of K to produce these data? Is K part of the model? 

4. Now inspect the graphs showing the population behavior. 

(a) Print Graph 2 (r versus N), and use a pencil to draw a smoothed line for the relationship. Include the graph in your lab report (label it!). 

(b) From this graph, can you estimate K? What is your estimate, and how did you obtain it?

(c) Does the population’s behavior fit the logistic model very well? Explain.

(d) Does the population’s behavior fit the “blue line” model in last week’s lab any better than it fits the logistic model?

(e) Could you estimate rmax for this population? If so, how did you estimate it, and what is your estimate? Do you need to estimate rmax (is rmax – or even r – part of the model)?

5. The fecundity and survival functions illustrated in the graphs in Q.1 are rarely known with perfect certainty. One might wonder how different your predictions would be if you changed one of those functions. To find out, you will now select ONE of the 6 functions (i.e., either survival or fecundity for one stage-class) and tweak it in a biologically realistic way. This is called sensitivity or perturbation analysis. 

(a) State which function you tweaked (i.e., whether you changed survival or fecundity, and which of the 3 stages):________________________________.  

What formula did you enter in the cell:__________________________.

Biologically, explain what your new formula does, and why it is biologically plausible:

Graph your new relationship like you did for each vital rate at the beginning of the lab:
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(b) Paste the new formula into all the cells in that column, and see what happens to the 3 graphs. What did you expect to happen, and how did your results differ from your expectation?  Attach graphs of output as appropriate. What lesson did you learn from doing this? Explain your answer in terms of sensitivity analysis.

6. If you had appropriate data to estimate how vital rates change with N, which model would you prefer – this simulation model, or the logistic? Compare the 2 models by answering these questions:

(a) List the biological process(es) represented by the simulation model.

(b) List the biological process(es) represented by the logistic model. How does this process(es) relate to those represented in the simulation model?

(c) What parameters must be estimated to run the logistic model? Are any of the parameters hard to estimate? 

(d) What parameters must be estimated to run the simulation model.  Are any of the parameters hard to estimate? 

(e) There are no real assumptions imbedded in the simulation approach to modeling (except obviously true assumptions that animals are born and die). What is the main assumption of the logistic model?

