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[[ Evolution & Natural Selection ]]

Name

Introduction

Evolution is the most important unifying principle in all of biology. Every living organism on
the planet today looks, functions, and behaves like it does because of evolution. This is true
regardless of whether we are looking at cells, individuals, populations, or even entire
ecosystems — all are (and have been) shaped by evolutionary processes.

The definition of biological evolution is:
A change in the genetic make-up of a population over time. These genetic changes
result in visible changes among members of the population.

The primary mechanism of evolutionary change is the process of natural selection. You
should recall from lecture that several conditions are necessary for natural selection to occur:

1. Variation. Individuals within a population must be different from each other.

2. Inherited Basis. Some of the variation among individuals must have a genetic basis.
Thus offspring will tend to resemble their parents and have the same traits.

3. Differential Survival and Reproduction. Individuals with some traits will survive longer
and leave more offspring relative to others in the population.

Given these conditions, certain traits will gradually become more common in the population,
while others will become less common. In effect, the environment, or nature, "selects" some
traits over others. It is this process of natural selection that brings about evolutionary
change.

Purpose

The primary purpose of this exercise is to demonstrate how natural selection works to bring
about evolutionary change. It will illustrate:

e the key features of natural selection and the role they play in the selection process.

e how variation in the amount of variation of a trait can affect selection.

e how variation in differential mortality can affect selection.

e a common misconception of natural selection.
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Procedures and Questions

Natural Selection Simulation

Given that evolutionary theory is the most important unifying principle in biology, it is just as
important to understand natural selection. The problem is that under most conditions the
process of natural selection is relatively slow, occurring over many generations. Fortunately,
by using a simulation, we can speed up the process and study how natural selection works in
a much shorter time period.

You are going to run several simulations on the EvoTutor website. To get there, type in:
http://www.evotutor.org/Selection/SelectionA.html (NOTE: you must type in this
address exactly like I've typed it above [capitalize the S’s and the A] or it won’t work)

If this worked correctly you should be looking at a screen with the title EvoTutor and you
should be on the page called Natural Selection. Under Natural Selection is a menu with
several buttons that will take you to a variety of simulations. You will complete the
Requirements, Variation, and Mortality simulations.

Requirements
Click on Requirements. Read the information provided. Click on the tabs along the left
side of the window to see more information.

Note: This program uses Differential Mortality instead of Differential Survival and
Reproduction. Although both can have the same effect on natural selection, an
underlying assumption of differential mortality is that everyone that stays alive will mate.
You should be aware that this is not always the case in natural populations, and thus
differential reproduction is a more realistic requirement.

This set of simulations will allow you watch how natural selection works in “populations”
where one or more of the three requirements are met. You can decide which requirements
are met by checking and unchecking the boxes under the graph. You can also change the
type of graphical display by selecting one of the boxes at the top. | suggest doing each
simulation twice — once with the “population” box checked, and once with the “Histogram”
box checked. This will give you a more complete picture of what is happening.

To run each simulation, choose which requirements you want present and how you want it
displayed. Then click on the “Run” button. The simulation will run for a few seconds and
then stop.

1. What happens to the population when none of the requirements are met? (Hint: I'm
looking for things like: nothing, it stayed the same; or it started out mostly pink and then
ended up mostly green)
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2. What happens when only one or two requirements are met?

3. What happens when all of the requirements are met? (l.e. all of the boxes are checked.)

4. Based on what you saw in these simulations, what did you learn about natural selection?

Variation
To get back to the Natural Selection menu, click on the white arrow in the upper left corner of
the EvoTutor window. Now click on the Variation button.

This series of simulations will demonstrate how the amount of variation present in a
population can affect natural selection. Populations with a large amount of variation can
typically adapt more quickly to changing environments. Populations with little variation
change more slowly, and are more susceptible to extinction.

Note: In this simulation, we are lumping “general” variation and genetics together. The
use of variation refers both to genetic variation and visible variation in a trait.

To run each simulation, choose the amount of variation you want by moving the small scroll
bar located under “Variance” at the bottom of the window. You can adjust the variation from
0 (no variation) to 2000 (a lot of variation). | suggest running the simulation with a small,
medium and large amount of variation. To start the simulation, click on the “Run” button.

Just like before, you can change the type of graphical display by selecting one of the boxes
at the top. Again, | suggest doing each simulation twice — once with the “population” box
checked, and once with the “Histogram” box checked.

1. What happens when the amount of variation is small?
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no

What happens when the amount of variation is medium?

w

What happens when the amount of variation is large?

»

What did you learn about variation and how it affects natural selection?

Mortality
Go back to the Natural Selection menu and then click on the Mortality button.

This series of simulations will demonstrate how the degree of differential mortality of a trait
can affect natural selection. Different traits confer different levels of benefits or costs to your
chance of survival or reproduction. This difference then affects the intensity of natural
selection either for or against that trait. For instance, let’s consider a trait where some
individuals have red feathers and some have yellow feathers. Individuals with yellow
feathers survive only a little bit longer or produce only a few more offspring than individuals
with red feathers — the differential mortality or reproductive success of this trait is small. In
this situation, selection for having yellow feathers and against having red feathers will be
weak. This means that any changes in the trait (evolution) are likely to be fairly slow to
occur. On the other hand, if individuals with yellow feathers live much longer or produce
many more offspring than individuals with red feathers (differential mortality or reproductive
success is large), then selection for having yellow feathers and against having red feathers
will be strong and changes in the trait (evolution) are likely to occur fairly quickly.

To run each simulation, choose the degree of mortality you want by moving the small scroll
bar located under “Mortality” at the bottom of the window. You can adjust mortality from O
(no difference in mortality) to 1 (maximum difference). | suggest running the simulation with
no, a little and maximum mortality. Again, you can change the type of graphical display by
selecting one of the boxes at the top. To start the simulation, click on the “Run” button.
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1. What happens when there is no mortality difference?

2. What happens when there is a small mortality difference?

3. What happens when the mortality difference is at its maximum?

4. What did you learn about differences in mortality and how it affects natural selection?

Survival of the Sneakiest by the Understanding Evolution team
(http://evolution.berkeley.edu/evolibrary/article/sneakermales_01)

If "Survival of the fittest" means that only the strong succeed, then the weak fail, right? Well,
often that's how it's portrayed, but the real story is a bit trickier. The following cartoon
provides another example of why this phrase is often interpreted incorrectly. Read it and
answer the questions at the end.


http://evolution.berkeley.edu/evolibrary/article/0_0_0/sneakermales_credits
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Questions:

1. When it comes to crickets (or any organism, really), what does fithess mean?

2. Is calling good or bad for a cricket's fitness? Explain.

3. Give some examples of selection at work in this cricket story.

4. How does selection favor calling? How does selection favor not calling?

5. Using your understanding of Evolutionary Game Theory, explain how these two strategies
(calling and sneaking) can coexist in this population of crickets?



