BIO 340: Ecology




Name ________________________________
Fall 2016
Population Simulation Lab – 20 pts.  
Due Weds, Nov. 2.



POPULATION MODELING: Populus
You will conduct some simulations that will bring home the concepts we have been talking about this past week.  Go to this site and download the freeware:   http://www.cbs.umn.edu/populus/
You might find that the mac version is different; use a pc (like at the library).
I. Density Independent Growth
Open the program; there will be a menu in the upper left called “model”.  Select “single species dynamics” and then “density independent growth”.
Set the parameters as:

Model = “discrete”

λ = 2.0

Initial population size = 2

Run time = 4

Hit the “view” button and a graph will appear.
In simple terms, describe what is happening in this simulation.  
What are the population sizes after 1, 2, 3, and 4 generations?  
What would be a reasonable biological example of a population that grows in this manner?
How does selecting “continuous” as the model type change this population’s growth? How does it change how growth is displayed in the figure?
Change this back to a discrete model.  What is the size of the population after a run time of 10?  (Estimate it off the chart or compute it). _______

How about after 20 generations? _________    If each generation takes 20 minutes, how long would it take a population to go through 20 generations? _______  (No, these aren’t trick questions… I am just trying to get you to appreciate how rapidly a population can increase).

What is the value of λ in this simulation? _______
What is the r value in this simulation?   ______
I. Demographic Effects on Population Growth:

Close the previous windows.  From the “model” menu, select “single species dynamics” and then “age-structured growth”. The default model is a discrete-time model, and the age class structure should look like this (Mx = fecundity):
A. Simulation 1:
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Set “Run Time” = 10.
Set Output to ΣSx vs. t (this is plotting the population size “S” over time)
How large is the population after 10 generations?  ______
In the “Output type” window, select  “λ vs. t”.   Draw the graph .


Why does it bounce around in the early generations?  Why does it equilibrate?
What type of survivorship curve does this population have?  ____________

B. Simulation 2:

Let’s investigate the effects of fecundity and the first age of reproduction on final population size, using this  survivorship curve.  In the same population as above, you will see that the fecundity schedule is: 0, 1, 5, 0.  What are the final population sizes under each of the following fecundity schedules? (I haven’t found an easy way to enter a new value, except to click on a cell, hit backspace 3 times, then type your value and hit enter.  Then “view” to see the output.






        Final Population Size (“eyeball” estimate)


2a.
0, 0, 6, 0


___________


2b.
0, 6, 0, 0


___________


2c.
0, 8, 0, 0


___________
2d. 
How many offspring must you 
produce, if you produce in age class  = 2 
(the third row of the life table), to reach 
approximately the same pop. size as in

run 'b', above?   Put in new numbers

until you get somewhere close.        
___________
Using these results, describe the effect of fecundity and first age of reproduction on population size.  In other words, if you delay reproduction, how can you “catch-up” with genotypes that are reproducing early?
What effect does survivorship schedule have?  Set the survivorship to: 1.0, 0.3, 0.1, 0.
What type of survivorship curve is this? _____________


   Fecundity



Final Population Size 



a.
0, 1, 5, 0


___________



b.
0, 6, 0, 0


___________

How many young must be produced in age class = 1 to reach a population size in 2b.  (When comparing this run with 2b, age of first reproduction is the same and you are looking at the trade-off between survivorship and fecundity.) How does the pattern of survivorship affect the importance of early reproduction?  Why?

How does the age structure of a population effect population growth?


Lx = 1.0. 0.5, 0.25, 0

Mx = 0, 4, 0, 0


Sx = 10, 5, 1, 0



Final pop size: ___________



Initial Abundance

Final Population Size 



a. 100, 5, 1, 0



______________


b.  50, 55, 1, 0



______________


c.  10, 90, 1, 0



______________


d.  0, 100, 1, 0



______________
How does age structure affect population growth?  What happened in D and why?
II. Exponential and Logistic Growth
A. Density Independent Growth Revisited:

If you haven’t done so already, click on the red “X” and close the Age-structured models. Now click:

Model>single-species dynamics>density independent growth.

Set parameters to:  continuous, r = 0.1, generations = 20.  What is the final population size? _____

Now, change the r value from 0.1 to:







r = 0.3:

final = __________






r = 0.6:

final = __________






r = 1.5:

final = __________
(something like “4E17” as a pop size means

4 x 1017)…yeah…like, big.


r = 2.2:

final = __________



B. Density Dependent Growth:

Close density independent growth, and go model>single species>density dependent growth.

Select “discrete logistic” … note r = 0.2 and K = 500, and runs = 50.  Draw the curve:


2) Draw the graphs for:


r = 0.8








r = 1.6



r = 2.3








r = 3.5

Now, run the last two simulations with a “continuous” model:


r = 2.3








r = 3.5

Why do discrete models oscillate while continuous models do not?

 Why do the oscillations in discrete models vary between convergence, stable limit cycle, and chaos?


Set r = 0.5 again.  Now, select “lagged logistic”…. This inserts a time lag between conception and the reproduction of that offspring (so it includes gestation and development), but it is a continuous model.  So, birth rate will be dependent upon conditions at some time in the past… t units ago.  Change t and draw curves:




T = 2 (initial default)



T = 0  (no lag… make sense?)




T = 2.0






T = 3.0

Provide a biological explanation for why longer lags lead to greater oscillations.
III.  Lotka-Volterra Competition:
Select: model>multi-species dynamics>lotka-volterra competition

A. Default condition:

NOTE:  N1 IS THE ‘X’ AXIS, CONTRARY TO THE EXAMPLES IN CLASS.  


Select “N1 vs. N2” plot type…. This will show our isoclines. The open green circle represents the starting densities, shown in the table in the parameter window.  The closed green circle is where the populations will end up.
Which isocline, red or blue, corresponds to N1?  _____________.  What is K1? _______  
Check this against the variable window…. Right.

The isoclines cross, so coexistence can occur. Is this a stable coexistence or unstable coexistence? Explain in terms of the isoclines endpoints along each axis.

Test that.   Set N1 = 600, above its K.  What is the endpoint: coexistence or exclusion?  __________

     Set N1 = 600, N2 = 750.  Endpoint?  ______________


     Set N1 = 75, N2 = 700.  Endpoint? ________________

Suppose species 2 evolves in response to this competitive pressure, and becomes more aggressive, such that it increases its competitive effect on species 1 (α) from 0.6 (default, under “Species 1”) to 0.8.  Change  α to 0.8 and see the result.  
What is the eventual outcome now?  _________________________.  (Increase run time if needed.) 
Explain how the ‘red queen hypothesis’ relates.
Suppose these are two bird species that compete for seeds, but use different sized cavities for nesting.  (And they are not woodpeckers that dig their own cavities, so they have to take what is there.)  And, suppose we consider a different environment, where there are only enough “large” cavities to support 280 members of species 2.   So, with the competition coefficients as above, with 2 hammering 1 at 0.8, change Species 2’s K to 280 and N1 = 100 and N2 = 200.  

What happens?
So, can the outcome of the interactions change as a function of environmental variables unrelated to the nature of the competitive interaction, itself? (the coefficients, or the resource for which they are competing?  Remember – they are NOT competing for nest sites – they use different nest sites and only compete for seeds).

Huh.  Funny.  We are learning some neat things from these very simple and unrealistic models.

IV. Tilman Models

Select:  multi-species>resource competition>Tilman

GOOD GRIEF!!!!!!!!!!!!!!!!!!!!!!!!!!!!!  YOU’RE KIDDING ME!  
HAHAHAHAHA.

A. With Default Values.  (“essential” resources – can’t substitute one for another.)
Which resource does species 1 (RED ISOCLINE HERE) require more of? ____________________

Which resource does it consume more rapidly? ________
(c11 = rate at which species 1 consumes resource 1).
Which resource does species 2 (BLUE ISOCLINE HERE) require more of? ____________________

Which resource does it consume more rapidly? ________

So, if there are ample initial supplies of each, is coexistence possible? ______________________

B. Environmental Effects:

What if we model a different environment in which the starting supply of resource 1 is lower? Change S1 to 6.  What is the endpoint?  Who wins?  ___________________.

Suppose you reduce the amount of S2 to 6 also…. What happens? ___________________________.

Suppose the amount of S2 is set at 4, below that of S1.  Who wins? _______________________.

So are competitive outcomes dependent on the absolute amount of resources, or their ratios? _________.

C. Changes in competitive ability
Reverse the consumption curves making: c11 = 0.1, c12 = 0.2, c21 = 0.28, c22 = 0.08, and reset the S values at 12.  Before, this there was coexistence in this environment.   What happens now?  Why?
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