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Inquiry Activity • Modeling

Chapter 1
Finite Resources
Objective  Model the “tragedy of the commons” with a game that simulates fish populations affected by human fishing in a lake.
Advance Prep  Gather materials and be sure each group has pencils and paper.

Pacing  35–45 min.

Materials

For each group of 2–6 students: 
	• 1 number cube

	• 70 paper clips


Safety  [image: image1.png]



If students are bending paper clips, tell them to hold the ends of paper clips carefully when bending them. Demonstrate gently giving the clips a slight bend.
Teaching Tips
	Background
	Ask a few questions about the “tragedy of the commons” to make sure students understand the scenario.

	Build Math Skills
	Remind students that a coefficient is a constant that multiplies a variable. 

	
	Be sure students understand why they should round answers up or down to give whole-number estimates of offspring or population size (i.e. a real-life scenario would not make sense with a fraction of a fish).

	Procedure
	Materials  Instead of bending half of the paper clips, you can use two different colors or shapes of paper clip. Extra paper clips may be necessary if you choose to extend the activity beyond three rounds rounds.

	
	Step 1  Review the scenario presented in the Background section before playing the game. 

	
	Step 2  You may wish to assign a certain student in each group to go first.

	
	Step 3  If a student rolls two ones in a row or a one and a two, the student can roll a third time. If a student rolls three ones in a row, the student can roll a fourth time. Additional rolls are not necessary.

	
	Additional rounds   Students may extend the game in a number of ways:

•  Students may continue fishing, until one or both species goes extinct. 

•  Vary group size from two to six, to compare how it affects the outcome.

•  Students may repeat the simulation with more species or with different reproduction coefficients to see how these variables affect outcomes.

•  After students have completed Analyze and Conclude, they may repeat the simulation to test their management plans.


Answers

1. Sample response is given below.
	Type of Fish
	Reproduction Coefficient
	Week 1 Initial Population Size
	Week 1 Estimated Fish Mortality
	Week 1 Remaining Population Size
	Week 1 Estimated Offspring Count

	Species X
	1.2
	3,000
	1,400
	1,600
	1,920

	Species Y
	1.1
	6,000
	3,500
	2,500
	2,750

	Species Z
	0.9
	6,000
	3,000
	3,000
	2,700


2. Species X: 3,520; Species Y: 5,250; Species Z: 5,700

3. Population size of species X increased. Population size of species Y and Z decreased.  

4. Species X: 1,636; Species Y: 3,143; Species Z: 2,842

5. Answers will vary. Sample answers are given in the data table below:
	Data Table. Fishing and Population Change 

	Week 1

	Type of Fish
	Reproduction Coefficient
	Week 1 Initial Population Size
	Week 1 Fish Catch
	Week 1 Remaining Population Size
	Week 1 Offspring Count

	Species A (regular paper clips)
	1.2
	30
	18
	12
	14

	Species B (bent paper clips)
	1.0
	30
	21
	9
	11

	Week 2

	Type of Fish
	Reproduction Coefficient
	Week 2 Initial Population Size
	Week 2 Fish Catch
	Week 2 Remaining Population Size
	Week 2 Offspring Count

	Species A (regular paper clips)
	1.2
	26
	14
	14
	14

	Species B (bent paper clips)
	1.0
	20
	11
	9
	11


	Week 3

	Type of Fish
	Reproduction Coefficient
	Week 3 Initial Population Size
	Week 3 Fish Catch
	Week 3 Remaining Population Size
	Week 3 Offspring Count

	Species A (regular paper clips)
	1.2
	26
	14
	14
	14

	Species B (bent paper clips)
	1.0
	20
	17
	3
	4


6.
Answers will vary but should reflect the data gathered. Sample response: The population of Species A decreased slightly in Week 1 and then held steady. The population of Species B decreased each week until no fish remained.

7.
The higher the rate of reproduction, the more offspring. Therefore, a population with a higher rate of reproduction will be more buffered against hunting or other causes of death. The lower the rate of reproduction, the greater the impact of hunting or other causes of death.  

8.
Species A: 15 fish; Species B: 14 fish

9.
Answers will vary but should relate the concept of the tragedy of the commons to this model. Sample answer: In this model, the fish are the resource and the lake is the commons. Everyone fished in the lake, and often took more than the minimum amount needed. Over time, the fish populations depleted. One species was extirpated.  

10.
Answers will vary but should identify ways in which the model simplifies reality. Sample answer: The model could include other causes of fish death besides fishing and it could include more than two species of fish. The model could include more realistic population sizes.

11.
Answers will vary but should be reasonable and have potential for mitigating population decline. Students should use evidence to support their proposed maximum catch numbers. The plan should recognize that different fishers are likely to have different ideas about what the maximum catch should be. Management plans would likely include limiting weekly fish catches.
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