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  Investigating Invasive Species Ecology Using Computational Modeling 

 

Content Area: Biology (Living Environment), Math ( 8th grade/Algebra) 

Grade Level:  9 

 

Central Focus:   

Stable ecosystems depend on the interaction of all the organisms present in the ecosystem and the 
physical environment to achieve homeostasis.  Introducing non-native organisms into a stable 
ecosystem may result in the destruction and subsequent collapse of the ecosystem.  Non-native species 
are considered invasive when their population expands to the point of adversely affecting the native 
species, through competition, predation, or change of the physical environment.  Efforts to eliminate or 
control invasive species are often very difficult and expensive.    Lionfish are an example of an invasive 
species with severe consequences to the biodiversity of coral reefs in the Caribbean and Atlantic coast. 

 

Alignment to Standards: 

Living Environment Core Curriculum Standard 4 Performance Indicator 6.3a  The interrelationships and 
interdependencies of organisms affect the development of stable ecosystems. 

Living Environment Core Curriculum Standard 4 Performance Indicator 7.2b   When humans alter 
ecosystems either by adding or removing specific organisms, serious consequences result. 

NGSS Crosscutting Concepts 7. Stability and Change  For natural and built systems alike, conditions of 
stability and determinants of rates of change or evolution of a system are critical elements of study.  

Mathematics 8.F.IF.1 Understand that a function is a rule that assigns to each input exactly one output. 

The graph of a function is the set of ordered pairs consisting of an input and the corresponding output. 



Mathematics 8. F.IF.2 Compare properties of two functions each represented in a different way 

(algebraically, graphically, numerically in tables, or by verbal descriptions). For example, given a linear 

function represented by a table of values and a linear function represented by an algebraic expression, 

determine which function has the greater rate of change. 

Mathematics 8.F.IF.4 Construct a function to model a linear relationship between two quantities. 

Determine the rate of change and initial value of the function from a description of a relationship or 

from two (x, y) values, including reading these from a table or from a graph. Interpret the rate of change 

and initial value of a linear function in terms of the situation it models, and in terms of its graph or a 

table of values.  

Mathematics 8.F.IF.5 Describe qualitatively the functional relationship between two quantities by 

analyzing a graph (e.g., where the function is increasing or decreasing, linear or nonlinear).  

Sketch a graph that exhibits the qualitative features of a function that has been described verbally.  

 

 

Instructional Objectives: 

Students will 

Explain the difference between native species, non-native species and invasive species 

Use the computational model to explore the relationship between the invasive species lionfish on 
clownfish population and the health of coral reefs 

Use mathematical concepts to demonstrate the population growth of lionfish in an environment 
without competition.   

During this lesson, students will be able to work conceptually, procedurally, so they can reason 
mathematically and be able to: 

• Describe mathematically the negative impact relation between native population species-clown 
fish- and invasive species –lionfish using the Netlogo modeling. 

• Describe the impact of invasive species on the ecosystem using mathematical representations.  
• Graphically identify the point of local extinction on the native species (clown fish) 
• Define the domain and range of the function based on their graph. 
• Graphically identify the independent and dependent variables based on the Netlogo modeling. 
• Identify the increasing and decreasing sections of the graph. 
• Explain the characteristics of functions, as well as the contrast between a function that 

represent the native population species growth and the invasive species growth. 
 
 
 
 



 
 
 

Learning Targets: 

 

I can 

Explain the difference between native species, non-native species and invasive species using lionfish as 
an example. 

Demonstrate the changes that occur in a stable environment when an invasive species is introduced 
using the computational model. 

I can graphically demonstrate the population explosion of lionfish and the population decline of 
clownfish in our modeled coral reef environment. 

 

Lesson Timeline 

10 minutes--Anticipatory set:  Teacher will introduce concept of environmental homeostasis using the 
example of a coral reef.  New terms will include native species, non-native species and invasive species.  
Students brainstorm what they know/observe about picture of lionfish.  Students watch video 
introducing the problem of lionfish on Atlantic coast ecology 
(http://oceantoday.noaa.gov/lionfishontheloose/). 

 

30 minutes—Students receive worksheet and instructions on accessing the instructional model “Lionfish 
Ecology”.  Student will explore program and manipulate variables to model the effects of lionfish on 
native fish (clownfish) and living coral.  Variables include physical environment ( water temperature) and 
control attempts (eradication procedures).  They will graphically demonstrate the population changes 
dependent on the variables and mathematically express the population dynamics that they observe. 

 

10 minutes—Conclusion and completion of worksheet with sharing of findings.  Worksheets will be 
turned in for assessment purposes. 

 

http://oceantoday.noaa.gov/lionfishontheloose/


 How to use NetLogo model invasive.nlogo 

1. Open invasive.nlogo file 
2. Click Setup button (screen should appear as below) 

a. Initial clownfish population can be set with nativepop slider 
3. Click Go 

a. Clownfish will move around and population will remain stable 
4. Set number of initial number of invasive species (1-10) 
5. Click Introduce Invaders to introduce Lionfish into environment 
6. Allow model to run for desired amount of time while graphs record fish populations and coral death rate 

a. Lionfish will kill off clownfish and clownfish death is reflected in a proportional decline in coral 
7. When temperature increase (tempincrease?) switch is flipped to “on”, Lionfish will begin to reproduce resulting in dramatic increase in 

clownfish and coral decline 
8. To end simulation, click Go 
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Screenshots 

 

2 Lionfish introduced into environment – Clownfish begin declining and coral begins to disappear 

 

 

 

Water temperature increases by 2 degrees Celsius and Lionfish population rapidly reproduces resulting in rapid increase in 
Clownfish death and coral death



To export data to Excel: 

1. Select the graph that you would like to export data for. 
2. Right click on graph 
3. Select export 
4. Save in desired file location 
5. Open .csv file in Excel 

 

 



Unit: Invasive Species and Intro to Functions Name: __________________________ 

Lesson 1:  Invasive Species            Date: ____ Group: _________________ 

 

Invasive Species:  Lionfish 

 

Word Bank 

 
Lionfish                                                                  
 
Clownfish                                                             Native Species 
 
Non-native Species                                            Invasive Species 
 
Population explosion                                        Homeostasis 
 
Competition                                                        Predator 
 

 

After watching the video, complete the following sentences using words from the word bank.  
Work in groups to recall new information and make inference using any prior knowledge you 
may have. 

A recent environmental problem in the Caribbean and the Atlantic Coast resulted from the 
introduction of ___Lionfish__________________, a tropical fish from Southeast Asia.  This fish 
is an aggressive _____predator_______________, and will attack and consume any fish it can 
find.  Because of lack of _____competition_______________, this fish has multiplied 
unhindered, resulting in a ____population explosion____.    This is an example of how 
introduction of a ___________non-native species_________ can disrupt the delicate balance, or 
_____homeostasis________ of an environment.  In this example, ____clownfish_____ represent 
___native species____ , a fish that is present normally before the introduction of lionfish.  
Because the lionfish was well suited for its new environment and disrupts the environmental 
balance, it is considered an ______invasive species___________. 

 

 

 

 

 

Computational Modeling of Lionfish as an Invasive Species 

With a partner, you will access NetLogo and open the file Lionfish Invasion. 

Click “setup” to populate the coral reef with clown fish.  Click “go” to observe the fish 
population in their healthy, balanced environment.  Click “go” again to stop. 



Next, use the slider to introduce 2 lionfish.  Click “setup” to add the fish and “go” to watch how 
the population changes over time. 

Lionfish are tropical fish which thrive in warmer water.  Use the “water temperature slider to 
observe what happens when the water temperature increases by 2 degrees.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Math: 

Maria, Pablo, Alonso and Sierra were introduce to NetLogo program. The Invasive 
species phenomena is model.  Maria noticed that if the temperature of the water 
increase this affect the coral health. Pablo noticed there were times the lionfish seemed 
to be growing faster than the clownfish. Alonso noticed that sometimes the clownfish 
population was decreasing faster than in others time. Sierra laughed and said “Math is 
everywhere!” To learn more about the invasive species phenomena, Maria, Pablo, and 
Alonso collected data running the model several times.   

Part I – Maria 

Maria created a graph by collecting data on the water health of the coral from the 
Netlogo Model. The function F(C) represent the coral death in percentage over time. 

 
1. Use the graph Maria created to describe what is happening in this relationship.  

Answer: 
The graph describe the relationship of the coral health over time F(C). Starting at 
point A the coral start to decline, this is because the introduction of the lionfish on 
the coral and the increase on the temperature model on NetLogo. 

 
2. Name the independent variable ___time (weeks) ___________________ 

Name the dependent variable ____the percentage of coral death ___________ 
 

3. Using the graph you can determine that f(114) = 0.31.  Explain what that means 
in the context of the problem. 
Point B represent f(114) = 0.31. This point means that at 114 weeks the 
percentage of coral death is 31%. 
 

 



Part II – Pablo 

Pablo analyze the graph created by the relationship of the population of the clownfish 
and the lionfish. He import the graph from NetLogo. F(CL) represents the Clownfish 
population over time and F(L) represents the Lionfish population over time. 

 
1. Use the graph to describe what is happening in this relationship. 

The relationship of the F(L) lionfish population and the F(CL) clownfish population is 
represented in the graph. The starting population is the clown fish is 100 and the 
starting population of the lionfish is 0. At Point B the lionfish are introduce in the coral. 
After the lionfish and the temperature increase (modeling at NetLogo) the population of 
clownfish decreases and the population of lionfish increases.  
 

2. Using the graph, explain what point B and C means in the context of the problem. 
Point B represent the point when the lionfish are introduce in the Coral, then the 
population of the lionfish start to increase represent by the F(L).  
Point C represent the point when the clownfish population start to decrease represent 
by F(CL), due the invasion of the lionfish and the increase in the temperature. 
 

3. Using the graph, explain what point A means in the context of the problem. 
Point A represent the point of intersection of the two functions F (L) - lionfish population 
and F (CL) - clownfish population. At 115 weeks there are 29 clownfish and lionfish. 
Given the conditions of the model the lionfish population is increasing and the clownfish 
population is decreasing. 

 

 

  



Part III-Sierra 

Sierra looked at the data collected by her two friends and made several of her own 
observations.  Circle agree or disagree for each statement and explain why you agree 
or disagree. 

Answer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion questions 

Part IV ( Bonus activity)  

 

AGREE    DISAGREE 
 
 
AGREE    DISAGREE 
 
AGREE    DISAGREE 
  
 
AGREE    DISAGREE    
 
AGREE    DISAGREE 
 
 
AGREE    DISAGREE 
 
AGREE    DISAGREE 
 
 
AGREE    DISAGREE 
 
 
 
 
AGREE    DISAGREE 

 

 

 

a. The percentage of the coral death is always increasing. 

 

b. Using the NetLogo Model the percentage of the coral death is 

determined only by time.        

              VV 

c. The population of lionfish is greatest during the last weeks. 

 

d. The independent variable of Pablo’s graph is the numbers of 

fish. 

e. The population of the lionfish increase and decreases over 

time. 

 

f. The range of the Maria’s graph is from 0% to 100 % 

 

g. Maria’s graph has no maximum value. 

 

h. The range of Pablo’s data representing the clownfish is from 0 

to 95. 

 

 

i. The temperature of water does not affect the population of the 

fish (lionfish neither clownfish). 
 



Part IV – Alonzo 

Alonzo wants to create his own graph. Help Alonzo created a  table of values by 
exporting a table from NetLogo (right click on the graph on the NetLogo model).  
Choose the variable and answer the following questions.  

 

1. State the variables you choose for the graph, and explain why you choose those 
variables. 

a. Name the independent variable __________________________ 
b. Name the dependent variable ___________________________ 

 
2. Import the table from netLogo 

 
 

3. Use the table Alonzo created to describe what is happening in the graph and how 
they relate to the Invasive species model. Run the model to confirm your 
hypothesis.  

 

 

4. Graph the data from Alonzo’s table on the grid below. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Working in your groups, discuss the following questions.  Then open your 
interactive notebooks and write a summary of your discussion. 

1.  Using lionfish as an example, describe how human activity influences the 
environment. 

2. How might global warming impact population dynamics?   
3. What are potential ways to prevent or control invasive species? (use your 

knowledge of lionfish as an example) 



Unit: Invasive Species and Intro to Functions Name: __________________________ 

Lesson 1:  Invasive Species            Date: ____ Group: _________________ 

 

Invasive Species:  Lionfish 

 

Word Bank 

 
Lionfish                                                                  
 
Clownfish                                                             Native Species 
 
Non-native Species                                            Invasive Species 
 
Population explosion                                        Homeostasis 
 
Competition                                                        Predator 
 

 

After watching the video, complete the following sentences using words from the word bank.  
Work in groups to recall new information and make inference using any prior knowledge you 
may have. 

A recent environmental problem in the Caribbean and the Atlantic Coast resulted from the 
introduction of ___Lionfish__________________, a tropical fish from Southeast Asia.  This fish 
is an aggressive _____predator_______________, and will attack and consume any fish it can 
find.  Because of lack of _____competition_______________, this fish has multiplied 
unhindered, resulting in a ____population explosion____.    This is an example of how 
introduction of a ___________non-native species_________ can disrupt the delicate balance, or 
_____homeostasis________ of an environment.  In this example, ____clownfish_____ represent 
___native species____ , a fish that is present normally before the introduction of lionfish.  
Because the lionfish was well suited for its new environment and disrupts the environmental 
balance, it is considered an ______invasive species___________. 

 

 

 

 

 



Computational Modeling of Lionfish as an Invasive Species 

With a partner, you will access NetLogo and open the file Lionfish Invasion. 

Click “setup” to populate the coral reef with clown fish.  Click “go” to observe the fish 
population in their healthy, balanced environment.  Click “go” again to stop. 

Next, use the slider to introduce 2 lionfish.  Click “setup” to add the fish and “go” to watch how 
the population changes over time. 

Lionfish are tropical fish which thrive in warmer water.  Use the “water temperature slider to 
observe what happens when the water temperature increases by 2 degrees.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Math: 

Maria, Pablo, Alonso and Sierra were introduce to NetLogo program. The Invasive 
species phenomena is model.  Maria noticed that if the temperature of the water 
increase this affect the coral health. Pablo noticed there were times the lionfish seemed 
to be growing faster than the clownfish. Alonso noticed that sometimes the clownfish 
population was decreasing faster than in others time. Sierra laughed and said “Math is 
everywhere!” To learn more about the invasive species phenomena, Maria, Pablo, and 
Alonso collected data running the model several times.   

Part I – Maria 

Maria created a graph by collecting data on the water health of the coral from the 
Netlogo Model. The function F(C) represent the coral death in percentage over time. 

 
1. Use the graph Maria created to describe what is happening in this relationship.  

 
 
 

2. Name the independent variable __________________________ 
Name the dependent variable ___________________________ 
 

 
3. Using the graph you can determine that f(114) = 0.31.  Explain what that means 

in the context of the problem. 
 



Part II – Pablo 

Pablo analyze the graph created by the relationship of the population of the clownfish 
and the lionfish. He import the graph from NetLogo. F(CL) represents the Clownfish 
population over time and F(L) represents the Lionfish population over time. 

 
 

 

1. Use the graph to describe what is happening in this relationship. 
 
 
 

 
 

2. Using the graph, explain what point B and C means in the context of the problem. 
 
 
 
 

 
3. Using the graph, explain what point A means in the context of the problem. 

 



Part III-Sierra 

Sierra looked at the data collected by her two friends and made several of her own 
observations.  Circle agree or disagree for each statement and explain why you agree 
or disagree. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion questions 

AGREE    DISAGREE 
 
 
AGREE    DISAGREE 
 
AGREE    DISAGREE 
  
 
AGREE    DISAGREE    
 
AGREE    DISAGREE 
 
 
AGREE    DISAGREE 
 
AGREE    DISAGREE 
 
 
AGREE    DISAGREE 
 
 
 
 
AGREE    DISAGREE 

 

 

 

a. The percentage of the coral death is always increasing. 

 

b. The percentage of the coral death is determined by time.                     

VV 

c. The population of lionfish is greatest during the last weeks. 

 

 

d. The independent variable of Pablo’s graph is the numbers of 

fish. 

e. The population of the lionfish increase and decreases over 

time. 

 

f. The range of the Maria’s graph is from 0% to 100 % 

 

g. Maria’s graph has no maximum value. 

 

h. The range of Pablo’s data representing the clownfish is from 0 

to 95. 

 

 

i. The temperature of water does not affect the population of the 

fish (lionfish neither clownfish). 
 



Part IV ( Bonus activity) – Alonzo 

Alonzo wants to create his own graph. Help Alonzo created a  table of values by 
exporting a table from NetLogo (right click on the graph on the NetLogo model).  
Choose the variable and answer the following questions.  

 

1. State the variables you choose for the graph, and explain why you choose those 
variables. 

a. Name the independent variable __________________________ 
b. Name the dependent variable ___________________________ 

 
2. Import the table from netLogo 

 
 

3. Use the table Alonzo created to describe what is happening in the graph and how 
they relate to the Invasive species model. Run the model to confirm your 
hypothesis.  

 

 

4. Graph the data from Alonzo’s table on the grid below. 
 

 

 

 

 

 

 

 

 

 

 

 

 



Working in your groups, discuss the following questions.  Then open your 
interactive notebooks and write a summary of your discussion. 

1.  Using lionfish as an example, describe how human activity influences the 
environment. 

2. How might global warming impact population dynamics?   
3. What are potential ways to prevent or control invasive species? (use your 

knowledge of lionfish as an example) 



http://prezi.com/am3cutrr3vfd/?utm_campaign=share&utm_medium=copy 
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Lionfish as an Example of Invasive Species Ecology 

Using Computational Modeling 
 

 

Background information:   

Lionfish are tropical fish native to the Indo-pacific Ocean.  They are spiny and venomous, resulting in 
very few natural predators.  They reproduce prolifically and have a natural lifespan of 15-18 years.  In 
recent years, lionfish have been introduced into the waters off the southern Atlantic Coast thought to be 
from escape from collector aquariums.  Because of favorable conditions, including warmer water 
temperatures due to global warming, there has been a population explosion of lionfish with spread up 
and down the Atlantic Coast as well as the Caribbean.   Control efforts including trapping have not been 
successful.  As a result of this invasive species, native fish and coral reefs have been severely threatened 
and damaged.  The continued proliferation of this fish is inevitable and the result is destabilization of the 
coral reef ecosystem. 

Standards Addressed: 

Science Standards addressed by studying lionfish as an example of invasive species include  (Living 
Environment Core curriculum Standard 4 Performance Indicator 6.3a) the interrelationships and 
interdependencies of organisms affect the development of stable ecosystems and  (Living Environment 
Core curriculum Standard 4 Performance Indicator 7.2b) when humans alter ecosystems either by adding 
or removing specific organisms, serious consequences may result.  In this case, the coral reef 
environment with its incredible biodiversity is the stable ecosystem.  The lionfish are introduced by 
human activity, resulting in destabilization and destruction of the native environment.  Humans also 
contribute to the fitness of the invasive species indirectly by activities that result in global warming. This 
demonstrates how seemingly unrelated activities can have serious and unforetold indirect 
consequences. 

 

NGSS Crosscutting concepts address incudes Cause and Effect and Stability and Change.  In this case, the 
introduction of the lionfish creates an adverse effect on the stable coral reef ecosystem.  In addition, an 
increase in water temperature, as observed recently with global warming, contributes to the biologic 
fitness of the lionfish. 

 



Mathematics Standards addressed in this lesson include (Mathematics 8.F.IF.1) understand that a 
function is a rule (Mathematics 8. F.IF.2), compare properties of two functions graphically and 
(Mathematics 8.F.IF.5) describe qualitatively the functional relationship between two quantities by 
analyzing a graph.  These mathematics concepts will be used to interpret the data generated by the 
computational model. Specifically, the students will evaluate the graphs of Fish Population Relationships 
and Coral Death over time.  They will identify the function of the graphs, the independent and 
dependent variables and explain the significance of any given coordinate relating to the success of the 
invasive species. 

Purpose of the Model: 

This computational model of lionfish ecology allows students to explore the effects of introducing an 
invasive species into a previously stable ecosystem.  The stable ecosystem is represented by the coral 
reef habitat and clownfish population.  When the lionfish are introduced, the students can graphically 
visualize the decline in clownfish population and subsequent destruction of the coral reef.  By increasing 
the water temperature by 2 degrees, the students witness the increased reproductive fitness of the 
lionfish and resulting rapid decline in clownfish population and the coral reef environment.  The model 
generates data which is displayed graphically and used for mathematical modeling of population 
biology. 
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