Guppies and Frogs

A large pond contains 300 guppies and 160 frogs. 
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Suppose the guppy population increases by 25 guppies per year.
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Suppose the frog population increases by 25% per year.
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1. What does the future hold for this pond? Make a prediction.



2. What factors might impact the growth of the guppy and frog populations?
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Use the words NOW and NEXT to write a rule showing how the guppy population changes 
each year.  Simulate the growth of guppies on your home screen of your calculator for 6 years.



4. Let the function G represent the guppy population at year t.
Complete the table.
5. How does the guppy population change every 2 years? 
6. Graph the data (t, G) on the set of 
axes provided. 

7. Write a formula which models 
the population growth.

__________________


8. Use your formula to predict 
the population at year t = 10.

Confirm your answer with the
table feature of your calculator. Produce a graph on a viewing window with settings like the above.
9. The initial population of 160 frogs grows by 25% each year.
Suppose the rectangle below represents a population of 160 frogs. 





On the grid below, the total rectangle represents the population after the first year of 25% growth.





What is the population of frogs at year t = 1? ___________
10. On the grid below, the model represents the population after 1 year.
Use the grid to represent geometrically the population after 2 years. 

What is the population of frogs year t = 2? ___________
Does the population increase by the same number of frogs each year? Explain your answer.


11. Use the words NOW and NEXT to write a rule showing how the frog population changes 
each year.  Simulate the growth of frogs on your home screen of your calculator for 6 years.
12. Interpret the meaning of the population at year 3 in terms of the context of the situation. 



13. Let the function F represent the frog population at year t. 
Write a formula which models the population growth of frogs. 

________________________


14. Use the table feature of your calculator to validate your formula. 
Recopy the graph of the frog population on the set of axes on the previous page. 


15. In what year does the population of frogs overtake the population of fish?

16. List any limitations of these models for population growth. 
Teacher Notes

Throughout this lesson there will be opportunities for these Mathematical Practices:

1. Make sense of problems and persevere in solving them.

2. Reason abstractly and quantitatively.

3. Construct viable arguments and critique the reasoning of others.

4. Model with mathematics.

5. Use appropriate tools strategically.

6. Attend to precision.

7. Look for and make use of structure.

8. Look for and express regularity in repeated reasoning.

1. What does the future hold for this pond? Make a prediction.
Students might predict the pond will be very crowded. If they predict the frogs will overtake the guppies, ask them to commit to a guess on when this will happen. Some may think longer than it really does.

2. What factors might impact the growth of the guppy and frog populations?
The food supply will impact the population growth, as will the limited size of the pond.
Are there any predators in the pond that would impact the growing numbers?
As the pond gets overcrowded, will there be more chance for disease?

3. Use the words NOW and NEXT to write a rule showing how the guppy 
population changes each year.  Simulate the growth of guppies on your 
home screen of your calculator for 6 years. 
NEXT = NOW + 25 

This and Question 7 below could address
F-BF.1 Write a function that describes a relationship between two quantities. ★
a. Determine an explicit expression, a recursive process, or steps for calculation from a context.
b. Combine standard function types using arithmetic operations.

c. Write a function that describes a relationship between two quantities.

4. Complete the table. See right.
5. How does the guppy population change every 2 years? 
Every 2 years the population increases by 50 guppies.  You could discuss and interpret 
average rate of change here to address 
F-IF.6 Calculate and interpret the average rate of change of a function (presented symbolically
or as a table) over a specified interval. Estimate the rate of change from a graph.★

6. Graph the data (t, G). Students might exploit the grid to climb by 50 guppies every 2 yrs.
 
A-CED★.2 Create equations in two or more variables to represent relationships 
between quantities; graph equations on coordinate axes with labels and scales.
7. Write a formula which models the population growth.  G = 300 + 25t
Once it is established that the model is a linear function, 
you might ask students to interpret the slope and
y-intercept in terms of the context to address:

F-IF.4 For a function that models a relationship between two 
quantities, interpret key features of graphs and tables in terms of the
quantities, and sketch graphs showing key features given a verbal 
description of the relationship.★
F-LE★.5 Interpret the parameters in a linear or exponential function 
in terms of a context.


S★-ID.7 Interpret the slope (rate of change) and the intercept

(constant term) of a linear model in the context of the data.
8. At year t = 10 there are 550 guppies.  G = 300 + 250 = 550.

9. The initial population of 160 frogs grows by 25% each year.
Suppose the rectangle below represents a population of 160 frogs. 





On the grid below, the total rectangle represents the population after the first year of 25% growth.





What is the population of frogs at year t = 1? At year t = 1 there are 160 + 40 = 200 frogs. Each box is 10 units.
10. On the grid below, the model represents the population after 1 year.
Use the grid to represent geometrically the population after 2 years. 



What is the population of frogs year t = 2? At year t = 2 there are 200 + 50 = 250 frogs.
Does the population increase by the same number of frogs each year? Explain your answer.
The geometric model might help students distinguish between growth by a constant rate of 25 is different than growth by a constant rate of 25 percent, since the length of the total rectangles are not the same. 
This might help students who could be tempted to model the population of frogs as F = 160 + 40t. 
F-LE★.1 Distinguish between situations that can be modeled with linear functions and with exponential functions.

11. Use the words NOW and NEXT to write a rule showing how 
the frog population changes each year.  Simulate the growth 
of frogs on your home screen of your calculator for 6 years. 
Students may model the growth as 
NEXT = NOW + 0.25NOW or
NEXT = 1.25NOW
Here is an opportunity to show the equivalence of the two models.

A-SSE.3 Choose and produce an equivalent form of an expression

to reveal and explain properties of the quantity represented by the expression.★

This and the question below can address
F-BF.1 Write a function that describes a relationship between two quantities. ★
a. Determine an explicit expression, a recursive process, or steps for calculation from a context.
b. Combine standard function types using arithmetic operations.

c. Write a function that describes a relationship between two quantities.

12. Interpret the meaning of the population at year 3 in terms of the context of the situation.
The model indicates 312.5 frogs, but in the real world, this could be interpreted as 313 frogs. 
N-Q★.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
13. Write a formula which models the population growth of frogs.  F= 160(1.25)t
Once it is established that the model is an exponential function, you might ask students to interpret the growth factor and y-intercept in terms of the context to address:

F-IF.4 For a function that models a relationship between two quantities, 
interpret key features of graphs and tables in terms of the quantities, and sketch 
graphs showing key features given a verbal description of the relationship.★
F-LE★.5 Interpret the parameters in a linear or exponential function in terms of a context.



14. Use the table feature of your calculator to validate your formula. 
Recopy the graph of the frog population on the set of axes on 
the previous page.












F-IF.7 Graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using technology for more complicated cases. ★

15. In what year does the population of frogs overtake the population of fish?

This could be solved graphically or with a table. 
It is worth discussing that it is not possible to solve
the equation 300+25t = 160(1.25)t  without technology.
Students could report that it occurs at the beginning of year 4. 

Depending on the level, you could ask students to report
the month, which would be about 12 x 0.147 = 1.764 months
after the start of the fourth year.
A-REI.11. Explain why the x-coordinates of the points where the 
graphs of the equations y = f(x) and y = g(x) intersect are the 
solutions of the equation f(x) = g(x); find the solutions approximately, 
e.g., using technology to graph the functions, make tables of values, 
or find successive approximations. Include cases where f(x) and/or g(x) 
are linear, polynomial, rational, absolute value, exponential, and logarithmic functions.★
N-Q★.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.

16. List any limitations of these models for population growth. 
In the real world situation, fish and frogs die. 
The populations cannot grow without bound since the pond, though large, is not of infinite size. 

At some point later in the curriculum, when the topic of sequences occurs, this activity could be revisited to address:

F-BF.2. Write arithmetic and geometric sequences both recursively and with an explicit formula, use them to model situations, and translate between the two forms.★
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Questions or comments? Please contact:�John LaMaster, Department of Mathematical Sciences�Kettler 264�Indiana University-Purdue University Fort Wayne �2101 Coliseum Blvd. East�Fort Wayne, IN 46805-1445 �Office Phone: 260.481.5430�E-mail: lamaster@ipfw.edu








