Modeling Evolution, Natural Selection, and Adaptation

Student Learning Objectives

Students who successfully complete this lab activity will be able to:

1. Model natural selection, evolution, and adaptation.

2. Understand that evolution through natural selection leads to adaptation

3. Evaluate critically the application of modeling in biology.

4. Interpret results from a Pearson Correlation analysis.


Background

Charles Darwin and Alfred Russell Wallace independently came up with the hypothesis that organisms evolved through the process of natural selection. Their insight arose after making the following observations regarding populations of organisms.

1) All organisms exhibit tremendous reproductive potential.
2) Despite such reproductive potential, population sizes remain generally stable over time.
3) Resources required by organisms have finite availability.
4) Characteristics vary across individuals within any population.
5) The variation in characters is heritable across generations.

Although other naturalists observed population similarly, Darwin and Wallace’s legacy lies in the inferences that they drew from their observations. They realized that the enormous capacity for reproduction means that a given population of organisms would over populate the earth if not for the limited availability of resources and other deadly factors (e.g., predators, disease). Thus, not all offspring survive that are born in a population. 
Darwin and Wallace’s greatest insight was in recognizing that only some individuals survived and reproduced, and this choice was not random. They realized that variations in characteristics exist allowed certain individuals to have a set of traits that were better suited to their environments than others. Further, these traits were heritable, indicating that surviving individuals produced offspring with similar advantages and their representation within the population would increase. Today, we know that Darwin and Wallace were describing microevolution, which is a change in the allele or genotype frequencies of the population over time. We also know now that microevolution occurs as a result of natural selection, which ultimately leads to an adaptation (Brooker et al. 2013).
Objective. The objective of this modeling activity is to help students investigate the process of natural selection through modeling (i.e., a simulation). As you (the students) “play the game,” you will want to discuss how the components and results relate to the observations and inferences described above. 
The Model. The model uses an asexual population of organisms inhabiting a heterogeneous habitat. These organisms belong to a single species with 10 traits that are equally represented in the starting population. These traits, then, represent 10 different alleles of a gene that codes for the phenotypes (visually recognizable and familiar) in the population. These organisms are also subject to student “predators.” Overall, the model is designed so that with each generation, the population is diminished by predation and then increased by reproduction. Finally, the population size remains constant across the generation.


Materials (Lab Coordinator Notes)

Items Needed
· This lab packet.
· Nitrile or neoprene gloves
· Secret natural selection lab kit (On your table). The kit will contain:
· Ten vials of paper dots.
· 1 petri dish with lid and bottom per kit.
· 1 cloth “habitat” in each kit, the paper bag at your table. The “secret” part of the natural selection lab kit is that you will not know the color and pattern of the cloth until you open the bag.
· 1 forceps per kit

Practicing Observational Skills and Hypothesis Development

1) Retrieve the cloth in the “secretive” paper bag, unfold the cloth, and then lay the cloth on your lab table. You should fold the cloth in half so it does not dangle too much over the edges of the table (if needed). This cloth will represent the heterogeneous habitat in which you (the predator) and prey live. Take a few moments to define heterogeneous (Google It), describe your new home, and write your description in the space below. IMPORTANT NOTE: Be detail-oriented when describing the habitat.










2) Now that you have thoroughly examined the habitat, examine the colors of chips in each vial. Then, formulate a hypothesis or hypotheses to predict the outcome of natural selection in your habitat, and then write your hypothesis(es) in the space below. IMPORTANT NOTE: When developing your hypothesis(es), think about the following questions. What is fitness within the context of natural selection? Which color will be most “fit?” Which will be least “fit?” Is this particular habitat one that is likely to favor more than one color?







The Natural Selection Game

1) Read each step carefully and fully!

2) Get nitrile or neoprene (hypoallergenic) gloves to wear when conducting this lab activity. This prevents you from needing to sterilize the materials in the natural selection kit before the next class.

3) In past years, as described in your lab manual, there are hunters and helpers in this exercise. Because of the need for social distancing, you will need to play both roles. Thus, procedures described below will be different from your lab manual. Use the procedures in this packet.

4) Count 4 chips per color for a total of 40 chips. Then, place these chips in the petri dish and mix them.

5) Scatter these chips on the cloth in a randomly distributed pattern. Make sure that the chips are not in clumps. IMPORTANT NOTE: After you have distributed the chips, close your eyes for 20-30 seconds to break eye contact with the chips. Also, do not actively place chips in certain areas of the cloth. The goal is a RANDOM distribution.

6) Now, place your open petri dish on the floor near your chair.

7) Time to eat! You, acting as the predator, should slowly twist to face the habitat, quickly search for your prey (a chip), and then grab the first chip that you see with your forceps. You should grab ONLY ONE chip at a time. Slowly, twist back around to place your chip in the petri dish on the floor. IMPORTANT NOTE: Each predator must completely face away from the table, breaking eye contact, after collecting a single chip. This helps ensure that each chip is taken in an independent “hunt.” You need to do this anyway to be able to place your dots in the petri dish on the floor without spilling the chips.

8) Repeat Step 7 until you as the predator have collected 30 chips, so only 10 chips should remain on the cloth. These are the survivors of the predation event. IMPORTANT NOTE: Try your best to keep careful track of how many chips have been collected.

9) Now, set the petri dish of chips onto the table to the side of the cloth. Then, you can collect the remaining chips on the cloth and record the number of each color that survived in the spreadsheet on Page 5, specifically in the row “After Predation.” IMPORTANT NOTE: You must be accurate with your counts, and only 10 chips should remain on the cloth. Below are some troubleshooting tips.
a. If more than surviving 10 chips remain, blindly remove extra ships one at a time until only 10 remain.
b. If less than surviving 10 chips remain, blindly select one chip from your “eaten” pile of all colors, and then add the chips one at a time to the “survivor” pile until you reach 10 chips.
c. [bookmark: _GoBack]If you are having trouble finding the surviving chips on the cloth, you can raise the four corners of the cloth towards the middle of the table and shake very gently. The cloth will look like a sack at this time and this will help move all the surviving chips to the center of the cloth. Smooth out the cloth afterwards.



10) Time to reproduce to create the next generation of prey! Each of the 10 surviving chips reproduces exactly three offspring of an identical color. In other words, obtain three chips of the same color for each survivor. For example, if your surviving population contained 3 blue chips, then you must add 9 blue chips to the next generation (3 survivors times 3 offspring). The new offspring from this reproduction will be added to the survivors to make up the next generation. Thus, for the example with the blue chips, the three surviving blue chips would be added to the 9 newly hatched (from this reproduction) chips to make a total of 12 blue dots in the next generation. IMPORTANT NOTE: After your population reproduces, then the population size (parents plus wee babes) should equal 40 chips.

11) Record the new number for each color in the spreadsheet on Page 6, specifically in the row “After Reproduction.”

12) Repeat Steps 5–11 for a total of seven generations OR until the remaining population is a single color (whichever comes first). IMPORTANT NOTE: Remember, add the parents AND the offspring to the cloth for a total of 40 prey items available for the next round.

13) When you are finished, sort all of the chips into their respective colors, and then return them to their proper vials. Then, fold the cloth and return it to the bag.

14) Discuss with your neighbors the following questions.

15) Be sure that you have all the data for all the generations (7 or until there is only one color left). You will need this data for the next lab which will be used in composing our first lab report!


Follow-up Questions

1) What was the objective of this modeling activity? Explain.

2) What was your hypothesis?

3) Do your results support or negate your hypothesis? Explain.

4) How does this simulation addresses or fails to address EACH of Darwin and Wallace’s five observations about organisms (pg. 1)? Clearly explain and discuss in detail.

5) What is fitness in natural selection terms? How was fitness modeled in this activity?

6) Does this exercise and the results model evolution? Provide a detailed discussion to support your answer.

7) What is the actual adaptation that is arising in the chip population? Be sure in your discussion to include the definition of an adaptation.

8) Is the process of adaptation fully demonstrated in this simulation? What would be the strongest evidence?

9) Does chance play a role in this simulation? Provide an example and a detailed discussion to support your answer.

10) What are two limitations of this simulation? Why might the limitations impact the results or conclusions of this model? How would you modify the model to address each limitation? Explain in detail.






















Other notes and observations:



Group Name: 
Brief Habitat Description:
IMPORTANT NOTE:
If your kit has a different color chip included, just replace the one(s) from the list below that are not included with the one(s) your kit has.
Generation
Time
Black
Blue
Brown
Green
Orange
Light Purple
Dark Purple
Red
Yellow
White
Start
4

4
4
4
4
4
4
4
4
4
After Predation
After Reproduction
After Predation
After Reproduction
After Predation
After Reproduction
After Predation
After Reproduction
After Predation
After Reproduction
After Predation
After Reproduction
After Predation
7
After Reproduction
4
5
6
NATURAL SELECTION MODEL DATA SHEET
0
1
2
3



4

