SL-TNG Simulation Activity: Evolution by Natural Selection
Activity time: 1.5 - 2 hours of class time

Massachusetts Science Framework: 

· SC-8.LS.7 Reproduction and Heredity – Recognize that every organism requires a set of instructions that specifies its traits. These instructions are stored in the organism’s chromosomes. Heredity is the passage of these instructions from one generation to another.

· SC-8.LS.10 Evolution and Biodiversity – Give examples of ways in which genetic variation and environmental factors are causes of evolution and the diversity of organisms.
· High School Biology – Evolution and Biodiversity - Explain how evolution through natural selection can result in changes in biodiversity through the increase or decrease of genetic diversity within a population. 

Enduring Understandings: 

1. Evolution is defined as the change in the frequency of a gene in a population – that is, what percent of the population has a gene for a particular attribute.  Evolution is revealed as a change in the frequency of physical or behavioral attribute in the population.
2. For natural selection to occur, different individuals in a population must have different characteristics.
3. For natural selection to occur, the different characteristics of different individuals must contribute to differences in fitness (i.e. differences in ability to survive and reproduce).
4. For natural selection to occur, the characteristics that affect fitness must be heritable.
5. Adaptation refers to the increase in the frequency of one or more genetic trait within a population through natural selection, in response to changes in the environment.
Essential Questions:

1. How does the theory of evolution by natural selection help to explain how a certain genetic trait becomes the most common over time?
Assessment: 

Part 1: 

Mr. Kelly was a farmer 20 years ago.  He sprayed pesticides on his plants to keep grasshoppers away.  When he first started spraying, the pesticide killed most of the grasshoppers.  However, after 10 years, the grasshopper population was resistant to the pesticide.  How has pesticide resistance evolved in the grasshopper population?

Bob says "After each grasshopper was exposed to the pesticide, they adapted by developing resistance to the pesticide.  When the grasshoppers reproduced, they passed on that resistance."

Sam says "A few grasshoppers were probably resistant to pesticides before they were ever used. These resistant grasshoppers lived to reproduce, and passed on their resistance, while other grasshoppers died.”

Choose one of the following:

a. Bob’s statement is the only one that’s correct.

b. Bob’s statement is more correct than Sam’s statement.

c. Both statements are equally correct.

d. Sam’s statement is more correct than Bob’s statement.

e. Sam’s statement is the only one that’s correct.

Part 2:

Kangaroos can jump over 20 feet in a single hop. Assuming that today’s kangaroos had ancestors that can’t jump so far, how would a biologist explain how kangaroos evolve the ability to hop long distances?

Materials: 

· laptop computer w/ mouse
· pre and post assessments
· activity handouts
· lesson plan
· chart paper w/ driver/navigator roles
Notes to Teacher

1. If you are teaching middle school, don’t feel too bad if your students are struggling to form a correct understanding evolution and natural selection. This is a topic that is more thoroughly covered in high school biology. Hopefully this simulation activity will help students learn some of the pieces that make evolution by natural selection possible – variation in traits, heredity of traits, and fitness. Also, hopefully the simulation will help students think about evolution in terms of populations over many generations, and adaptation as a characteristic of populations, not individuals.

2. Students have certain strong misconceptions about evolution and natural selection. Among these is the belief that populations “need” to develop certain traits to adapt to the environment (e.g., kangaroos “need” to develop longer legs in order to hop further faster so they can outrun their predators). While it is true that longer legs is a trait that contributes to fitness, the trait of longer legs came about randomly, and it took many generations for the longer legs trait to become the most common in a population. Sometimes students may even believe that organisms can adapt in its lifetime and pass on these traits to their offspring, or that a generation’s offspring has longer legs than the previous – a gradual lengthening of the legs. It’s very hard for students to understand the role of “blind” randomness that is fundamental to natural selection.

	
	Teacher Do
	Teacher Say
	Notes

	Prep
	Set up projector and screen.
	
	

	Welcome
	Direct students where to sit.
	
	

	Pre-assessment
	Pass out pre-assessment sheet and pens if needed.
Ask a student to collect assessment papers and the pens.
	Work by yourself. No talking.
	

	Demo/Intro
	1. Click the setup button in the Runtime window. Zoom in and move the camera around to see the agents in the simulation. Ask Q1
2. Click the forever button and watch the simulation for a while. Ask Q2 and Q3.
3. Tell students NOT to change the clumpiness slider while they do steps 1-4 on their worksheet.

4. Show how to double-click on the population line graph to see it in a new window and briefly explain how to interpret the graph.
	1. Who’s in the simulation?
2. How are the agents interacting?

3. What else do you see happening?
	

	Introduce today’s activity
	
	You will investigate these two questions: 
1. How the two fish populations change over time? 

2. Why do these changes happen?
You have 10 minutes to complete steps 1-4. If you still have time after you’ve finished the questions, you may either watch the simulation longer and think about the focus questions (see previous paragraph) or go on to steps 5 and 6.
	The first four steps of the activity provides some questions to guide the students’ observations of the simulation.

	Transition to computers
	Remind students about navigator and driver roles.
Distribute the activity sheet to the navigator.
	
	

	Go over steps 1-4 in the worksheet
	Go over the answers to the questions.
	
	Make sure that students understand that fish engage in life processes that include eating, dying and reproduction. Also, they should notice that the top layer of plankton grow in dense patches while the bottom layer of plankton is more evenly spread out.

	Mini-lesson on energy variable and heredity
	Demo step 5 and ask students the questions in that step. 
Demo step 6 – make sure to click on the “hatched fish” button to locate the offspring fish. Compare the turniness and speed traits between the parent and the offspring. The values passed on should be the same or very close. Ask the questions in this step.
	As we do steps 5 and 6 together, one of you should write down the answers as we work through the questions together.
	Step 5 focuses on the variable energy, which increases when the fish eats food, and decreases when it’s moving. The fish will have a random chance to reproduce if the energy gets above 10. Students should also be shown how to control the speed of the simulation and press the pause/play button. Students should also compare the values of the two traits to see that these traits are “passed on” from parent to offspring.

	Transition back to computers
	Make sure that students have switched roles.
	Now you will switch navigator/driver roles and do steps 7-11, which focuses on the turniness trait, how this trait affects the survival of an individual fish and how the two populations evolve.

If you finish through step 11, try some of the extension activities on the last page.
	In steps 6-10, the questions guide students to recognize that the color reflects the value of the turniness trait. Because the plankton clumps more at the top, a high turniness value will typically enable a fish to survive longer. This is because a fish with a high turn value will stay near the food instead of swimming straight through and may be more likely to wander into an area without food. In contrast, at the bottom layer, it’s better for fish to swim straight because the food is fairly evenly scattered. It is key that students understand that an individual fish CANNOT “adapt” by changing its turniness attribute to better survive in an environment. The reason that one population will consist of mostly fish with high turniness values is that the fish with low turniness values died quickly and didn’t reproduce to pass on their turniness values and the fish with high turniness values survived better to reproduce and their offspring inherited this high turniness trait. This is the true meaning of the “survival of the fittest.” Having a high turniness value makes one “fit” for the type of food conditions in the top layer.

	Wrap Up
	You may want to collect the worksheets to check students’ answers to the question in step 10 as an assessment to see if they can clearly and correctly articulate the process of natural selection.
	Review the focus questions of this activity:
1. How the two fish populations change over time? Would you call this evolution? Why or why not?

2. Why do these changes happen?


	



























































