EXPLORATIONS IN EVOLUTION III
How do Resource Availability & Mutation Rate

influence Avidian Fitness?
Name: __________________________ Hr: ____

Background

Avida-ED is a program developed at Michigan State University for undergraduate biology courses to help students learn about evolution and the scientific method by allowing them to design and perform experiments to test hypotheses about evolutionary mechanisms using evolving digital organisms.
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In the Avida-Ed program, one can explore the evolution of populations of virtual organisms called Avidians.  The Avidians are similar to bacteria in that they inhabit a Petri dish and have a circular genome.  As living organisms, Avidians reproduce asexually and through random mutations can evolve the ability to metabolize particular nutrients found in their surroundings.  The most successful Avidians are those that reproduce quickly and evolve the means of taking advantage of all their environmental resources.  

Although the software was developed for college undergraduates, it is user friendly and beginning to be integrated into high school curriculum as a means of experimental exploration of evolution.  In this third activity, you will continue to familiarize yourself with the software, while learning about the influence of environmental resources and mutations on the evolution and fitness of Avidians.
Materials

Computers

AVIDA-Ed Software

Objectives

· Students will become more familiar with Avida-Ed as they use it to model the process of natural selection.

· Students will demonstrate their understanding of how differences in resource availability influence the evolution and fitness of Avidians.

· Students will demonstrate their understanding of how differences in mutation rate influence the evolution and fitness of Avidians.

Activity

Since you have completed two previous activities using the Avida-Ed software, I will now assume that I can be more brief with my instructions.

1. Define “fitness” using the knowledge you have gained observing Avidian evolution.

Available Resources
2. Start Avida-Ed, uncheck all the available nutrient resources in the Environmental Settings, set the Pause Run to 250 updates, run the experiment the @ancestor, and answer the following questions.
a. Sketch the graph of the average fitness.  Record the y-axis values and updates along the x-axis for perspective, and record the general shape of the curve.

b. Explain why you think the fitness graph has the shape that it does?

c. Is the Petri Dish full?  Note the populations for the evolved Avidian functions.
3. Uncheck all the available resources in the Environmental Settings except the Notose and Andose nutrients, set the Pause Run to 250 updates, run the experiment, and answer the following questions.

a. Sketch the graph of the average fitness.  Record the y-axis values and updates along the x-axis for perspective, and record the general shape of the curve.

b. Explain why you think the fitness graph has the shape that it does?  And explain why it is different than the fitness graph when all the supplemental resources are eliminated.

c. Is the Petri Dish full?  Why might it be more or less full than when there weren’t any supplemental resources?

d. Note the populations for the evolved Avidian functions.  How is this different than when all the resources are eliminated?

4. Write a conclusion statement summarizing how the availability of resources influences the evolution and fitness of Avidians.  In your conclusion, reference specific data collected on fitness and the evolution of particular functions.

Mutation Rate

5. Set the Mutation Rate to 0%, set the Pause Run to 200 updates, run the experiment, and answer the following questions.

a. Sketch the graph of the average fitness.  Record the y-axis values and updates along the x-axis for perspective, and record the general shape of the curve.

b. Explain why you think the fitness graph has the shape that it does?

c. Is the Petri Dish full?  Note the populations for the evolved Avidian functions.

6.  Set the mutation rate to 10%, set the Pause Run to 200 updates, run the experiment, and answer the following questions.

a. Sketch the graph of the average fitness.  Record the y-axis values and updates along the x-axis for perspective, and record the general shape of the curve.

b. Explain why you think the fitness graph has the shape that it does?  And explain why it is different than the fitness graph when the mutation rate is set at 0%.

c. Is the Petri Dish full?  Why might it be more or less full than when there weren’t any mutations?

d. Note the populations for the evolved Avidian functions.  How is this different than when the mutations were set at 0%?

7. Write a conclusion statement summarizing how the mutation rate influences the evolution and fitness of Avidians.  In your conclusion, reference specific data collected on fitness and the evolution of particular functions.

8. Have any particular observations, questions, or hypotheses arisen during your work with the Avidians or Avida-Ed software?  Report them in the space below.
Teacher Information
Below are example results for the four settings in these series of experiments.  You will have to run the experiments yourself to determine how the particular Avidian functions evolve.

Experimental Settings: No Rewards, pause at 250 updates, otherwise default
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Experimental Settings: Rewards for Not and And, pause at 250 updates, otherwise default
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Experimental Settings: Mutation Rate 0%, pause at 200 updates, otherwise default
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Experimental Settings: Mutation Rate 10%, pause at 200 updates, otherwise default
[image: image7.jpg]00

078 153

Fitness (rescaling)





[image: image8.jpg]T
50 100
Time {updates)




PAGE  
2

