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EvoDots Evolution Simulation

Objectives:
1. Understand how the process of Natural Selection can lead to changes in a population over time

2. Model and predict changes in a population based on the process of Natural Selection
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Background: Read the article about Periwinkle Snails and Green Crabs below, before beginning the simulation

Part 1: EvoDots Simulation- A model of evolution by natural selection
EvoDots is a computer program by a researcher named Jon Herron’s which simulates the process of natural selection. To complete this tutorial, you will need the software application EvoDots.  
Instructions for downloading EvoDots:

1. Go to website at the following URL:  http://wps.aw.com/bc_freeman_evol_5/239/61342/15703637.cw/-/15703639/index.html 
2. There are versions of EvoDots:  Windows, Mac OS Classic, and Mac OS X.  Download the appropriate version to your computer.

3. Launch the program.  
Procedure: Follow the instructions, and answer all questions in your journal. 
EvoDots lets you explore evolution by simulating natural selection in a population of dots.  Follow the instructions below to set up your simulation

1. The EvoDots window contains three white areas, three buttons, and three check boxes. Look to make sure that all three check boxes are checked.  
2. Under the File menu, select Options.  
3. Click to select size as the variable characteristic, and then click Okay.  
4. Click on the New Population button.  This creates a new population of 50 dots, scattered at random across the white area on the left.  
a. The upper right contains a graph, like the ones you just looked at for snails, showing how many dots of each color (and size) there are in your population.

5. In the EvoDots simulation, you will be a predator on the dots.  You will eat the dots by chasing them and clicking on them with the mouse.

Question 1: Before proceeding, write a prediction: How will the population of dots evolve in response to predation (by you)? Be sure to explain your reasoning!
6. Now click on the Run button and try to kill a few dots.  
a. BE A HUNGRY PREDATOR!  Don’t just wait for the dots to come to you.  Go after them! 
· When you click on a dot successfully, it first turns red, then disappears.  
b. Eat 25 dots as fast as you can 

· Make a competition of it! Can you kill faster than your partner?

· note the display that tells you how many dots are left
c. Click on the Stop button when you have eaten 25 dots  
· When you click the Stop button, the dots stop moving and the white area on the lower right displays a histogram showing the distribution of colors among the survivors.  
Question 2:  Compare the survivors to the staring population. Has the distribution of colors changed? How?  
7. Now click on the Reproduce button.  
a. Each of the survivor dots splits into two daughter dots.  
· The two daughter dots that are identical in color and size to each other (and to the original dot).  This is asexual reproduction: each dot is a direct copy of the original dot, and the original is gone. This is how bacteria and some paramecium reproduce. 
b. Click on the Run button again, and eat 25 more dots as fast as you can.  
Question 3:  Again, compare the survivors to the starting population. Has the distribution of colors changed again? How? Was the prediction you made above correct? Why or why not?  
8. Continue for 3 two 5 more rounds of reproduction and predation. 
Question 4: How many generations does it take for your population of dots to reach a point at which it can no longer evolve?

Part 2: The requirements for evolution by natural selection:
Now that you have a feel for how EvoDots works, we will start modifying the biology of our model population to explore the requirements for evolution by natural selection.

Variation
Each new population of dots you create contains considerable variation in size (and color, which is coded to indicate size). 
Question 5: Do you think the population of dots would evolve if there were no variation in the starting population?  Write down a prediction, and explain your reasoning. 
Now test your hypothesis. 
1. Next to the label Size of dots is: click on the checkbox labeled Variable.  There should no longer be a check in the box.  Now create a new population.  All the dots are the same size (and color).  
2. Go through a few rounds of predation and reproduction. 
Question 6:  Does the population evolve? 
Question 7:  Was your prediction correct? 
3. Before proceeding, click on the Variable check box to make the dots variable again.
Inheritance

As we noted above, when the dots reproduce, each mother dot produces two daughters identical in size to each other and to their mother.  In other words, size is heritable: It is passed from parents to offspring.  
Question 8:  Do you think the population of dots would evolve if size were not heritable?  
Write down a prediction, and explain your reasoning.

Now Test your hypothesis. 
1. Next to the label Size of dots is: click on the checkbox labeled Heritable.  There should no longer be a check in the box.  
2. Create a new (variable) population, click on the Run button, and eat 25 dots. 
3. Now click on the Reproduce button and watch closely what happens.  Each mother dot produces two daughter dots whose size is chosen at random.  They may or may not be identical to each other or their mother.  
4. Go through a few rounds of predation and reproduction.  
Question 9:  Does the population of dots evolve? 
a.  If so, does it evolve the same way it does when size is heritable? 
b.  Was your prediction correct?  
Before proceeding, click on the Heritable check box to make size heritable again.
Selection

Until now, when you have eaten dots you have done so selectively.  Because smaller dots are harder to catch, the smaller dots are much more likely to survive than the larger dots. 
Question 10:  If you were to eat the dots at random, instead of selectively, do you think the population would still evolve? 
Write down a prediction and explain your reasoning.

Test your hypothesis.  
1. Next to the label Survival is:  click on the checkbox labeled Selective.  There should no longer be a check in the box.  
2. Create a new population (in which size is variable and heritable).  
3. Click on the Run button and eat 25 dots.  Notice that when you click the mouse button, you kill not the dot you are pointing at, but a dot selected at random.  (In fact, clicking anywhere inside the EvoDots window will kill a randomly selected dot.)  
4. Go through a few rounds of random predation and reproduction. 
Question 11:  Does the population of dots evolve? 
a.  If so, does it evolve in the same way it does when survival is selective?
b. Was your prediction correct?

Part 3: Darwin’s theory of evolution by natural selection

Charles Darwin identified natural selection as the mechanism of adaptive evolution.  Darwin's theory of evolution by natural selection works as follows:  If a population contains variation, and if the variation is at least partly heritable, and if some variants survive to reproduce at higher rates than others, then the population will evolve.  That is, the composition of the population will change across generations.  The traits most conducive to survival will become more common, while the traits least conducive to survival will disappear.
Question 12:  Are the results of your experiments consistent with Darwin’s mechanism of evolution? 
Reflect on your experiments with EvoDots and consider the following issues:

Question 13:  After they were born, did the individual dots ever change their size or color? 
If the individuals didn’t change, how was it possible for the population to change?
Question 14:  What role did the predators play in causing the population of dots to evolve? 
Question 15: Did they create a need for the dots to change? Or did they simply determine which dots survived to reproduce and which didn’t?


Part 4: Evolution by natural selection in flat periwinkles
Read the article on your worksheet, and answer the questions based on what you hae learned about Natural Selection
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