LESSON 5:
NATURAL SELECTION AND GENETIC DRIFT

Goals:
This lesson takes a step away from programming and returns to using simulation as a teaching tool. Though the students touched on the importance of chance events in the previous lesson when talking about small populations, this activity should bring the role of random events in population dynamics into focus. In particular, it is a common misconception that evolution is driven solely by this idea of “survival of the fittest.” After this activity students should realize that evolution can also arise from pure chance as well as competition for resources.

Biology Concepts:
· Genetic variation (genes and alleles)

· Competition

· Genetic drift (random processes as a force of evolution)

· Natural selection (competitive advantage as a force of evolution)

· Directional, stabilizing, and disruptive selection

· Population bottleneck (chance reduction of gene pool)
StarLogoTNG Programming Concepts:
· Coordinates

· Run once

Materials:
· Starter code: 5-evo.sltng
· Student worksheet

· Projector/ computer for demo

· Blackboard/whiteboard/large paper for brainstorming
About the Model:
The starter code contains the same rabbit and carrot ecosystem from Lesson 3. However, the rabbits in this version have an added feature: a color gene. This gene ranges from 1-100 and dictates the shade of blue that the rabbit will appear. Through the procedure, students will link the color gene to other aspects of the rabbits’ survival, and this will cause there to be natural selection in the face of competition. Additionally, they will add a “flood” button that wipes out the populations on the left side of Spaceland to create a population bottleneck.

SETUP:
The model begins with 100 “carrots” and 40 “rabbits” scattered around Spaceland. Carrots begin with a random age (1-10) and random energy (1-20), while rabbits begin with a random age (1-10), random energy (1-50), and random colorgene (1-100). There is also an “observer” who just keeps track of the colorgene values for data purposes.

FLOOD:
The flood button causes all agents on the left side of Spaceland (x<0) to die.
RUN (120 sec):
Carrot procedures:
· Increase age +1

· Update visual height

· Produce energy +2 (if fewer than 10 carrots in radius 10)

· Reproduce (if energy > 20)

· Die (if age > 50)

Rabbit procedures:
· Turn toward any nearby carrots if possible and move forward [0.15*colorgene + 0.25] (average 1 over all colorgenes) steps.

· Increase age +1

· Decrease energy [-0.015*colorgene] (average -0.75 over all colorgenes)

· Reproduce (if age > 15 and energy > 15)

· Die (if age > 40 or no energy)

· Eat carrots during collisions (gain 50% of the carrot’s energy)

Observer procedures:
· Sums the colorgene values for every rabbit.

· Calculates the average colorgene value and the max/min/range of the colorgene.

 GRAPH:
The first graph shows the current carrot population divided in half (line 1) and the current rabbit population (line 2), as in Lesson 3. The second graph shows the average colorgene value (line 1) and the range of colorgene values (max – min, line 2). The bar graph shows the distribution of colorgene values (bar 1 = rabbits with color 100, bar 2 = rabbits with color 101, …, bar 10 = rabbits with color 110).

Possible Modifications:
The colorgene can be linked to many different aspects of the rabbits’ survival, so you may choose to link it to something else. Also, if time is limited, you may choose to remove the population bottleneck aspect of the activity, or preprogram the flood in the starter code.

Suggested Lesson Guide:
Part 1: Discussion
1 What is evolution? How does it come about?

a) Brainstorm a list on the board.

· Use this to gauge initial student understanding about evolution and the misconceptions that may need to be cleared up.

· You can also refer back to this list during the next lesson on mutation.

b) Highlight two different forces: genetic drift and natural selection. Note that these are the forces that will be emphasized in the activity.

2 Discuss the idea of alleles and genetic variation. What role does it play in evolution?

Part 2: Activity
1 Begin worksheet activity.

a) Assign driver/navigator pairs, get the students on the computers, and open the file.

b) Note that the model is the same bunny model that the students programmed with one main difference. Ask the students to click setup and see if they notice that the rabbits are now colored. Explain that the color gene only changes the color and has no effect on rabbit survival.

2 Color gene correlated to color only.

a) Ask the students to hypothesize the outcome.

b) Allow the students to experiment with the model and fill out the chart provided.

c) Discuss the results. The surviving colors should be different for most students between each run.

d) Highlight that the chance events caused certain genes to be selected in each round, although there was no selective pressure dictating which genes those were.

3 Color gene correlated to speed.

a) Demo the change in rabbit speed in the code and ask students to do the same.

b) Ask the students to hypothesize the outcome.

c) Allow the students to experiment with the model and fill out the chart provided. You can probably cut this experiment to two or three runs, since one color almost consistently always survives.

d) Discuss the results. The surviving colors should be the fastest rabbits in each run, causing directional selection.

e) Highlight the competitive advantage that the fast rabbits have in this scenario.

4 Color gene correlated to speed and energy loss.

a) Demo the change in rabbit energy loss and ask students to do the same.

b) Ask the students to hypothesize the outcome.

c) Allow the students to experiment with the model and fill out the chart provided.

d) Discuss the results. This experiment is not so clear-cut. Most times there will be a stabilizing selection, but occasionally there will be disruptive selection, and few times there will be seemingly random behavior. Hopefully the large quantity of experiments that the class performed collectively may show a certain trend.

e) Ask the students to hypothesize when stabilizing selection might occur and when disruptive selection might occur in the same system. (The following are also guesses – they haven’t been tested yet.)

· One hypothesis for why stabilizing selection occurs most of the time because fast rabbits will lose energy too quickly and slow rabbits cannot compete for resources.

· One hypothesis for when directional selection might occur is that slow rabbits that are somewhat segregated in a corner at the start of the simulation do not have much competition from faster rabbits and therefore have time to populate to large numbers due to their slow energy loss. Then when they begin to mix with faster rabbits they survive by sheer number. This hypothesis may be tested out by physically segregating the rabbits to begin with.

5 Population bottleneck.

a) Demo the programming portion of creating a “flood” which kills all agents on the left side of Spaceland and ask students to do the same.

b) Let the students play with the model using the flood button at strategic times. Let them choose what their goal is. They may try to wipe out all of the rabbits of one color, or try to do as little damage as possible, or even just press randomly to see what happens.

c) Ask the students to share how their populations evolved when they created floods. Highlight the idea of population bottleneck as an event where a certain portion of the gene pool survives by chance.

Part 3: Debrief
1 Ask the students what they learned about evolution from the activity.

2 Discuss the model.

a) What other forces can drive selection? What other natural events can create population bottlenecks?

b) Does more variety happen when there is selection or when there is not?

c) Is there anything missing from the model?

