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Inquiry Activity • Modeling

Chapter 1
Finite Resources
Problem  How should finite resources be managed?
Background
Resource Management

There’s more to fishing than a hook and line. In an effort to keep fish populations from disappearing, governments regulate the fishing industry with laws and monitoring. The laws include limits on the number of fish each fishing outfit can remove and minimum catch sizes for different species, which prevents young fish from being taken. These regulations and others are all intended to help avoid a scebario known as “the tragedy of the commons.” The tragedy of the commons is the depletion of an unregulated resource by a community of people. Thi tragedy has taken its toll on Earth’s aquatic ecosystems. Most fish species consumed by humans are now considered “overfished”—that is fish are being removed so quickly their populations can’t keep up. 

Modeling the “Tragedy of the Commons”

Overfishing affects consumers and commercial fishers. Overfishing drastically affects freshwater as well as saltwater ecosystems. In this Inquiry Activity, you will model the “tragedy of the commons” in a hypothetical lake setting.

The Scenario
Imagine you live in a remote area on the edge of a lake. You and your household depend on fish for food. Two main types of large fish live in the lake. You need to catch at least four large fish each week in order to feed your household. Although the members of your household will survive on just four fish per week, they could eat up to six fish per week. Even the best fishers can catch no more than 12 fish each week. There are several other households nearby. Like you and your household, the others also depend on fish for survival.

Materials

	• 1 number cube

	• 70 paper clips


Safety  [image: image1.png]



Bend the paper clips gently and carefully. Hold the ends firmly and point them away from yourself and others. 
[image: image2.png]


 Build Math Skills
Calculating Reproduction  

The overall population size depends on the total number of deaths compared with the total number of new offspring. 

EXAMPLE

Imagine a pond stocked with 1,000 fish of the same species. After a week, some fish die, decreasing the population. The remaining fish reproduce, adding to the population. 

Let’s say that after one week, 350 fish of the original 1000 were caught by humans. Another 82 fish died from other causes, leaving 568 fish. If the reproduction coefficient for these fish is 1.2, what is the number of offspring?

Multiply population size by the reproduction coefficient.

568 ( 1.2 = 681.6

Round to the nearest whole number of offspring, 682 offspring.

TRY IT

1.
The table below gives information for three species of fish that live in a small lake. Enter the remaining population size for each species at the end of Week 1. (Hint: subtract estimated mortality from initial population size.) Then enter the estimated offspring count for the remaining population of each species. (Hint: multiply remaining population size by the reproduction coefficient.)

	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
	
	

	Species Y
	1.1
	6,000
	3,500
	
	

	Species Z
	0.9
	6,000
	3,000
	
	


2.
Use your answers in the table above to estimate the initial population size for each species in Week 2. (Hint: Add remaining population plus offspring.)

Species X:


  Species Y:


  Species Z:



3.
How did the population size of each species change between Weeks 1 and 2?

Species X:


  Species Y:


  Species Z:



4. When the number of deaths equals the number of new offspring, the overall population size does not change. For each species, what is the maximum weekly mortality that would result in no change in total population size?

Species X:


  Species Y:


  Species Z:



Procedure

Step 1
Place 30 regular paper clips and 30 bent paper clips, representing two different species of fish, on a piece of paper, representing a lake. In this model, you and your group members will go fishing in this lake. You all depend on this lake for food.
Step 2
Determine who will go fishing first. Each group member takes a turn, clockwise.
Step 3
Go fishing by rolling a die twice. The first number rolled is the number of Species A caught and the second number rolled is the number of species B caught. Remove this number of fish from the lake. If a person catches less than four fish after both rolls, that person must continue fishing again. They will continue catching Species B until they have a total of at least four fish. Each person can catch a maximum of 12 fish per week.
Step 4
Each group member takes a turn fishing. This represents one week of fishing.
Step 5
Fill in the fish mortality for Week 1 in the table below with your catch.
Step 6
Calculate the estimated offspring count for the end of Week 1 and add this number of fish to the lake.

Step 7
Repeat steps 3–6 for Week 2. Use the information from Week 1 to calculate the initial population size for Week 2.

Step 8
Repeat steps 3–6 for Week 3. Use the information from Week 2 to calculate the initial population size for Week 3.
5. Fill 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
	
	
	

	Species B (bent paper clips)
	1.0
	30
	
	
	

	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
	
	
	
	

	Species B (bent paper clips)
	1.0
	
	
	
	

	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
	
	
	
	

	Species B (bent paper clips)
	1.0
	
	
	
	


Analyze and Conclude

6.
Interpret Tables  Describe the overall population changes after three weeks of fishing in the model lake.
7.
Relate Cause and Effect  How does a species’ rate of reproduction affect how it responds to negative population pressure caused by hunting or fishing?
8.
Calculate  For each species of fish in this model lake, what is the maximum weekly mortality that would result in no change in overall population size?
9.
Explain  How did this activity model the tragedy of the commons?
10.
Evaluate  How could this model be improved to better simulate fish population changes in an actual lake?
11.
Extension  Develop a management plan that could be used to avoid the tragedy of the commons in this model lake. Describe your management plan, including a summary of the benefits and drawbacks.
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