
Populations  
 

Day 1 

Population without limiting factors 
 

Concepts 

All organisms need a source of energy to survive and to reproduce. 

Organisms within an ecosystem interact with each other. 

Non-living and living things can affect how an ecosystem functions. 

Students will explore some of the abiotic and biotic factors affect the carrying capacity 

and sustainability of an ecosystem. (Benchmark SC.7.3.3)  

 

Overview 

This exercise will challenge students to calculate the potential population of Koa bugs 

without any limiting factors from one pair of reproducing adults after one year. Students 

will become familiar with ecological terms such as limiting factors, population dynamics, 

and reproductive potential. This exercise will broaden students understanding of the 

world around them.  

 

Purpose 

Introduce students to the potential reproduction of a given organism without limiting 

factors. Students will understand that organism populations in the wild are a result of 

interactions by abiotic and biotic factors acting upon them.  

 

Materials 

The lesson was designed specifically to be used in conjunction with the “Koa bug 

investigation”. 

• Prepared data collected from Koa bug investigation 

• “What is a Koa bug” reading. 

• Population Potential worksheet 

• Koa bug stages of life worksheet 

  Note: Mock data from any living organism can be used as a substitute.  

  In class worksheets need to be made by teacher. 

 

Background Information/ Preparation 

Review what was observed with the Koa bug investigation and introduce the concepts of 

population, carrying capacity, reproductive potential, and limiting factors. 

Population: All the organisms that constitute a specific group or occur in a specified 

habitat. 

Biotic Reproductive Potential: The maximum reproductive capacity of an organism 

under ideal environmental conditions. 

Limiting Factors: An environmental factor essential for life that is absent or depleted 

below the critical minimum, or that exceeds the maximum tolerable level for the species. 

Carrying Capacity: The maximum number of individuals that a given environment can 

support without detrimental effects. 



Population Dynamics: The total of processes that determine the size and composition of 

any population.  

 

 

Motivation 

All living organisms need food, shelter, water, and space to survive. Populations of 

organisms can increase when all these requirements are satisfied. However, when one or 

more of these become unavailable what happens to the population? What would happen 

if there was no limit to the requirements of an organism? Is this what we see in the wild? 

 

Activity 

• Provide each student with prepared data from your observations. Your data should 

provide a timeline to calculate population after one year. If you have incomplete 

portions of data, you can use the information from the worksheets provided. 

• Using the materials provided, students work alone or in small groups to determine 

the population of a single mating pair. Students will be surprised at the results. 

• Using the Koa bug, discuss with the class why Koa bugs are not crawling all over 

the place.  

 

Extension 

What would the population be of a single pair of humans after one year? Is it the same as 

Koa bugs? Inquire about the current human population trends? Students can discuss the 

threats that our ever increasing population may have on us and to the organisms around 

us.  

 

Concept Discovery 

Students will discover that life is complex. They will understand that abiotic and biotic 

factors in an environment can limit a population. Students will understand that humans 

impact the environment and that our actions have consequences that need to be addressed 

before we consume all our resources. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Name______________________Date___________Period_______ 



 

Population Potential 
Using information taken from the handouts “Koa Bug Stages of Life” and “What is a Koa 

Bug” we will estimate the population size from a single mating pair with no limiting 

biotic or abiotic factors over a course of a year. For this exercise, we will assume that 

food is plentiful, predators and disease are absent, and all environmental conditions are 

perfect for Koa bugs to survive and thrive. Here are some questions to help you with the 

calculations on the worksheet below. 

 

How long do Koa bugs live? ______________ 

 

How old are Adults before they begin to mate? _____________ 

 

How many eggs does a female lay in a lifetime? ______________ 

 

What is the ratio of males to females (hint: “What is a Koa Bug” reading)? 

______________ 

 

For fun, without any limiting factors, take a guess at what the population will be in 

1 year starting with just 1 mating pair and each pair can produce 100 new koa bugs 

(don’t forget to remember what the male to female ratio is). _____________ 

 

In the worksheet below, you will estimate population size after 2.5 months, 5 months, 7.5 

months, 10 months, and 12.5 months and 15 months. Show your work on the attached 

scratch paper. 



Name _________________ 

 

Date_________Period____ 

Koa Bug Stages of Life 

 
   Stage                    How Long Each Stage           Total Time 

Eggs 10 days 10 days 

1
st
 Instar 4 days 14 days 

2
nd

 Instar 6 days 20 days 

3
rd

 Instar 5 days 25 days 

4
th

 Instar 7 days 1 month 

5
th

 Instar 15 days 1.5 months 

Mature Adults 30 days 2.5 months 

Adults Die 120 days 4 months 

Eggs produced per clutch 25  

# of clutches per female 4  

 

Using the information in the table above will answer the following questions. 

However, if you still have questions, please ask. 

 

How long do Koa bugs live? _____________ 

 

How many instars do they have? ______________ 

 

How long does it take for nymphs to emerge from eggs after they are laid? ________ 

 

What is the shortest instar stage? ______________ 

 

What is the longest instar stage? _____________ 

 

How many total eggs will one female lay? ______________ 

 

Extra Credit 
 

How many shed exoskeletons would be at the bottom of the cage for one adult Koa 

bug? __________ 

 

How many stages are there in a Koa bug life cycle? ___________ 

 

Why is it important to know the ratio of males to females in a population?  

 

________________________________________________________________________ 

 

________________________________________________________________________ 

 



Name___________________Date__________________Period___________ 

 

Population Potential 

 
Using information taken from the handouts “Koa bugs stages of life” and “What is a Koa 

Bug”, estimate the population size after one year from a single mating pair. There are no 

limiting abiotic and biotic factors in this exercise. We will assume that food is plentiful, 

predators and disease are absent, and all environmental conditions are ideal for Koa Bugs 

to survive and thrive.  

 

Use handouts to answer these questions and then try and calculate population size after 

one year. 

 

How long do Koa Bugs live?_____________________ 

 

How long before adult Koa Bugs begin mating?_____________________ 

 

How many eggs does a single female Koa Bug lay in her lifetime?__________________  

 

What is the ratio of males to females in Koa Bugs (Hint: What is a Koa Bug  

 

reading)?_________________ 

 

For Fun, take a guess at what you think the population will be from a single pair of  

 

Koa Bugs after one year.___________________ 

 

 

 

Population 

Reduction 

Parents 

(male and 

female) 

Offspring 

(male and 

female) 

Total 

Population 

Total Elapsed 

Time 

                            

 

 2.5 months 

                            

 

 5 months 

                            

 

 7.5 months 

                            

 

 10 months 

                            

 

 12.5 months 

                            

 

 15 months 

 



Populations 

 

Day 2 

“Koa bugs on the run”/Populations with limiting factors 
 

Concepts 

All organisms need a source of energy to survive and reproduce. 

Organisms within an ecosystem interact with each other. 

Non-living and living things can affect how an ecosystem functions. 

Students will explore some of the abiotic and biotic factors that affect the carrying 

capacity and sustainability of an ecosystem. (Benchmark SC.7.3.3)  

 

Overview 

This activity ideally takes place outdoors and will require them to do some physical 

exercise. Students should be advised ahead of time to wear appropriate clothing and 

footwear. This lesson will simulate an increase and decrease of populations resulting 

from variations in resources and habitat. In the activity, students will represent koa bugs, 

as well as some of the biotic and abiotic factors around them. Students will be able to 

identify the interdependence between different organism as well as the interactions 

between them. This exercise will also incorporate the use of mathematics and graphing. 

 

Purpose 

To have students understand that abiotic and biotic factors influence the populations of 

organisms and why these factors are important to their survival. To investigate food webs 

and interactions of organisms. (Benchmark SC.7.3.3) 

 

Materials 

• Tape measure, yard stick, or 10 yard long rope (to measure out area).  

• 4 x 4 inch colored cards: brown (representing koa pods), blue (representing water), 

and green (representing shelter). 

 (Going Further Extension: include 1 white card which will introduce a predator). 

• Alternate method: use hand placement on the body as a substitution to the color 

cards, for example, hands on head for shelter, hands on hips for seed pods, and 

hands behind back for water. This makes running difficult for all, and through 

experience, the cards eliminate cheating or changing of hand signals during game 

play.  

• Two boxes (to hold cards).  

• Data sheet to record yearly population (blank and example at end of lesson). 

• 6 orange cones (to mark each position). 

• Graphing paper or computer with Microsoft Excel and printer  

 

 

 

 

 



Background information 

Introduce or revisit the Koa bug:  Hawaii’s largest endemic true bug. Discuss the results 

of the classroom exercise dealing with the population of koa bugs after on year without 

limiting factors. Is this what we see in nature? How are populations determined? Are 

populations affected by predator and prey relationships? Can we predict the results? 

 

Motivation 

Come on! It’s an outdoor activity! 

 

Activity 

The activity should take place on the playground or in a gym if the weather isn’t 

conducive. The students will be formed into two groups, those representing “Koa bugs” 

and those representing abiotic and biotic factors or “resources” (seed pods, water, and 

shelter).    

 

• Once on the field, line students up and have them count off 1 through 4. This will 

divide you class up into four groups. Ones will be koa bugs, everyone one else is 

a resource.  

 

• Have the koa bugs and resources move to their start position. A diagram at the 

end of lesson illustrates the activity setup. 

  Note: This is a good time to review the purpose of the exercise, discuss  

  the abiotic and biotic factors. Remind them that Koa bugs need food,  

  water, and shelter in order to survive. Have them to take notice of the  

  population of koa bugs from turn to turn.  

• Instruct the students representing koa bugs and the students representing the 

resources to turn their backs on one another. Give the students a chance to select 

only one color card or resource of their choice. All players should have a one 

color card in hand at this point. The game is about to begin.  

  Note: Hand signals can be substituted for color cards but students tend to  

  cheat and will changes signals just to match a resource. Cards work well  

  because you can’t change its color once it is selected. 

• The koa bugs will each seek only one of the “resources” necessary for survival 

during each simulated “year” or turn. This will be based on the color card they 

have chosen. Koa bugs will only survive to the next turn if they “capture” a 

matching resource. Think of it as an outdoor version of “Go Fish”, brown with 

brown, green with green, etc... 

  Note: Capture does not mean tackling, pushing, punching or any other  

  inappropriate behavior. A simple tag will be sufficient. 

• Ensure that Koa bug students and resource students do not communicate with 

each other about their selections, we want it to be unbiased. However, encourage 

each group to talk quietly amongst themselves. 



  Note: The teacher will be the one and only referee to make the   

  necessary activity rulings.   

• Once cards have been selected, Give them the “Go” signal that simultaneously 

has koa bug students and resource students turn to one another with their cards 

displayed in front of them. The capture begins. 

• The “resource” students are encouraged to stay in their area, while the koa bugs 

move toward them seeking the matching resource represented by their color cards 

(or hand signals). 

  Note: “Resource” students are encouraged to run within their area.  

  We want to limit the time needed per turn and this doesn’t allow students  

  to run all over campus! 

• Koa bugs must “capture” the matching resource they seek and only those that do 

so can move on to the next “year” or turn. The teacher will explain to the koa 

bugs that the number of successful Koa bug captures divided by 2 will represent 

successful reproduction and turn a “resource” student into a  koa bug for the next 

year. The teacher will select the captured resource students that will be converted 

to a koa bug for the next turn. For example, if four koa bugs start the year and all 

are successful in capturing a resource, the next year will begin with 6 koa bugs 

(4/2=2, 2+4=6). If you end up with an uneven number, round down (For example, 

5/2=2.5, therefore 2+5=7). Also, if any koa bug fails to capture the matching 

resource, they become a “resource” for the next year. This is the end of one turn 

or year. 

• Surviving and new koa bug students will move back to their start position while 

new and old resource students move back to theirs. Have them turn away from 

each other again and give them a chance to select a new card or keep the same 

one. The next run starts with the “Go” signal. 

• Repeat the exercise for as many turns as you can facilitate during your class 

period. Each turn represents a year. If there is a student which does not want to 

actively participate they can be designated as the data recorder. The recorder 

should input the data for each year on the data sheet provided. You can have more 

than one recorder if necessary.  

• Teachers should designate a resource unavailable due to drought, fire, or disease 

for at least one turn during the game (teacher should only tell the resource group). 

Furthermore, do not discourage resource students who collaborate and decide to 

all be the same resource, thereby “killing” all the koa bugs not seeking that 

resource. Also, a predator can be added during the game. Successful reproduction 

of a predator is accomplished for each successful capture of a koa bug. The result 

is a new predator. If a predator fails to capture a koa bug, they become a resource. 

  Note: Ensure these catastrophic events (drought, fire, and disease) are  

  recorded for that particular year. This will help explain the graphical data  

  generated later in this lesson.  

• Once you have completed at least “20 years” of data or run out of time, move 

your students back into the classroom. Prepare the data for class use by 



transferring the information to the chalkboard for all students to record. Have the 

students determine the mean, median, maximum, minimum, and range of the 

population and have them create a line scatterplot or histogram graph of their 

population data on graphing paper or using Microsoft Excel on the computer. 

• Discuss the population trends, what happens when catastrophic events occur, what 

happened when a predator was introduced. 

 

Safety 

Ensure students are properly equipped and that “capturing” a habitat only requires an 

appropriately placed touch. No tackling, grabbing, throwing, pushing, or rough play. 

 

Concept discovery 

Students will begin to see that changes in resources will influence the population of 

organisms. Abiotic and biotic factors influence the population of an organism. 

 

Going further 

Students can compare data collected from previous years or from other classes. They will 

see that populations fluctuate and random factors influence populations differently. 

Students can discuss line scatterplots or histogram graphs which represent the population 

year to year and class to class (an example of both can be seen at the end of this lesson). 

Students can also discuss the effects of catastrophic events that took place, for example, a 

fire that may have dramatically reduced the population.  

Introduce a predator into the discussion or exercise. Students can discuss how the 

population of a predator would change from year to year, and they should draw upon 

what they learned to predict the fluctuation of predator and prey.  

Add a single white card in which represents a predator, for this exercise you could 

designate a bird, spider, or praying mantis (the options are numerous). This individual 

can capture any koa bug that has not yet captured a resource. If a koa bug is captured it is 

converted into a predator for the next year.  If the predator is unable to catch any prey in 

time, then they are “dead”. 

Why is it important to understand your organism’s life cycle when sampling populations? 

Why should you sample populations more than once? Is it important to understand 

population fluctuations? 

 

Concept Discovery 

Students will discover that life is complex. They will understand that abiotic and biotic 

factors in an environment limit a population.  

 

 

 

 

 

 

 

Example of a histogram and line scatterplot with spreadsheet. 
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2 

Predator 

Start  

Predator 

Start 

1 5 

2 6 

3 8 

4 8 

5 3 

6 5 

7 6 

8 8 

9 9 

10 10 

11 11 

12 10 

13 7 

14 5 

15 6 

16 6 

17 7 

18 9 

19 10 

20 10 

 

(Teacher 

designates it a 

drought year) No 

water as  a 

resource.  

Resource start 
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Data Sheet (Koa bugs on the run) 
 

Yea

r 

Numbe

r of 

Koa 

Bugs 

Koa 

bug 

death

s 

Capture

d water 

Capture

d 

shelter 

Capture

d pods 

Number 

of 

Predator

s 

Predato

r deaths 

Catastrophi

c event 

1         

2         

3         

4         

5         

6         

7         

8         

9         

10         

11         

12         

13         

14         

15         

16         

17         

18         

19         

20         

21         

22         

23         

24         

25         

26         

27         

28         

29         

30         

31         

32         

33         

34         

 

 

 

 



Example Sheet 

Data Sheet (Koa bugs on the run) 
 

Yea

r 

Numbe

r of 

Koa 

Bugs 

Koa 

bug 

death

s 

Capture

d water 

Capture

d 

shelter 

Capture

d pods 

Number 

of 

Predator

s 

Predato

r deaths 

Catastrophi

c event 

1 5 0 2 1 2 0 0 na 

2 7 0 2 3 2 0 0 na 

3 10 2 3 2 3 0 0 na 

4 12 4 2 2 3 0 0 na 

5 12 4 3 3 2 0 0 na 

6 12 5 2 3 2 0 0 na 

7 10 6 na 1 3 0 0 Drought 

8 6 0 2 1 3 0 0 na 

9 9 2 1 2 4 1 0 Predator 

10 10 2 2 2 4 2 0 na 

11 12 4 3 2 3 4 0 na 

12 12 6 2 2 2 8 2 na 

13 9 7 1 1 0 12 5 na 

14 3 1 0 1 1 14 13 na 

15 3 0 2 0 1 2 2 na 

16 4 0 2 2 0 0 0 na 

17 6 0 2 2 2 0 0 na 

18 9 1 3 2 3 0 0 na 

19 12 4 3 1 4 0 0 na 

20 12 4 2 3 3 0 0 na 

21 12 8 2 2 na 0 0 Disease 

22 6 1 2 2 2 1 0 Predator 

23 7 2 2 1 2 2 0 na 

24 7 2 1 2 2 4 2 na 

25 7 2 3 1 1 2 0 na 

26 7 2 2 1 2 4 2 na 

27 7 2 2 1 2 2 0 na 

28 7 1 2 2 2 4 3 na 

29 9 2 3 1 3 1 0 na 

30 10 3 2 3 2 2 0 na 

31         

32         

33         

34         

 

 

 



 

The graphs below were generated from the sample data above. 
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Drought Disease 

What is happening here? 



 



What is a Koa Bug? 

 
 Koa bugs are structured like all other insects: six legs, three body parts (head, 

thorax, and abdomen), and two antennae. The koa bug is the largest endemic true bug 

found in the Hawaiian Islands. Endemic species are native to or confined to a certain 

region. A true bug is one that has no mouth parts for biting, cutting, or chewing food. 

Instead, they possess a tube like beak for sucking fluids called a proboscis. In nature, the 

koa bug uses its proboscis to suck nutrients out of seeds from several Koa plants (Koa, 

Koai’a, Formosa Koa) and the native ‘A’ali’i. Anything native occurs naturally in an 

area, and has not been introduced by humans either intentionally or unintentionally. The 

koa bugs in your classroom are taken from populations found in the wild. 

 
 

How Do Koa Bugs Grow? 

 Koa bugs start life in tiny eggs that hatch about 9 days after being laid. The eggs 

are about the size of tiny beads, slightly smaller than the “o” on this page. These eggs are 

laid in a tight cluster and are green at first, but eventually the tiny koa bugs begin to 

develop in the eggs.  Their eyes and mouths become apparent and the eggs start to turn 

red. Newly hatched koa bugs are called nymphs, which is an immature bug. Nymphs 

Adult koa bug   Adult feeding on seed pod 



possess six legs, a head, abdomen, and thorax much like the adults; however, for the koa 

bug, they are different in color, being black and red, and have no wings.   

 

 Insects grow by shedding their outer covering called the exoskeleton. The 

exoskeleton is the hard outer surface of the insect and it provides protection and support. 

The exoskeleton is not flexible so in order to increase in size, a new exoskeleton needs to 

be produced under the old. The old exoskeleton is split and the insect emerges from it 

while the new exoskeleton is still moist and flexible. The insect pumps itself up, 

increasing its size before the new exoskeleton hardens. The process of shedding the 

exoskeleton is called molting. Insects sometimes require several molts before emerging 

as adults. The koa bug requires 5 molts before taking its adult form. Each molt represents 

a nymphal stage called an instar. So, when the nymph emerges from the egg it is called a 

1
st
 instar, once it molts and changes size it becomes a 2

nd
 instar. This continues until 

adulthood when molting ceases. Adult koa bugs are easily identified by their attractive 

iridescent colors.  In the cages you will begin to see an accumulation of shed 

exoskeletons. 

Development 

of Egg clutch 

over a period 

of ~10 days 



 The nymphs of koa bugs are flightless and are red and black in color. The gradual 

maturing of koa bugs is called incomplete metamorphosis. Incomplete metamorphosis 

is when the immature young look much like the adults, but without wings. Koa bugs take 

about 38 days to move from 1
st
 instar to adults (25º Celsius). The koa bug hatches out in a 

ratio of 1:1 male to females. The life cycle from egg to egg takes ~77 days (11 weeks) at 

25º Celsius. 

 

  

 Development of insects can be influenced by different things, one of which is 

temperature. It is important to understand that temperature determines the rate of 

development in insects. Development occurs slower at colder temperatures and faster at 

higher temperatures. Development does not occur at the upper and lower temperature 

thresholds, which varies from insect to insect. 

How do Koa Bugs Mate? 

 Koa bugs begin mating about 30 days after molting to adulthood. Mating is easily 

recognized as the mating pair will be attached end to end at the rear of the abdomen. 

Determining males from females takes more effort and patience.  The only means to 

identify males from females is to observe the reproductive parts. Females are determined 

by observing a flat triangle shaped reproductive part at the end of the abdomen, while 

         Nymph top                  Nymph bottom                      Emerging Adult 



males have a single rectangular shaped reproductive part. Each can be seen in the photos 

below.  

 

 A few days after mating, females begin to lay clutches of eggs averaging about 25 

eggs per clutch. A female will continue to mate and lay eggs about once every two weeks 

throughout her life. The eggs are either laid on seed pods or on a leaf directly adjacent to 

seed pods.  

Coleotichus blackburniae 

 All living organism are organized under a classification system. The animal 

kingdom is divided into major groups called phyla. Each phylum is divided into classes. 

Each class is divided into orders. Each order is divided into families. Each family is 

divided into genera, and each genus into species. A species is a basic category or a kind 

of animal. There are many definitions for species! 

 The koa bug is in the kingdom Animalia, phylum Arthropoda, the class Insecta, 

the order Hemiptera, the family Scutelleridae, the genus Coleotichus, and the species 

blackburniae. The common name is koa bug and the scientific name is Coleotichus 

blackburniae. A relative of the koa bug found in Hawaii is the southern green stink bug, 

Nezara viridula (Hemiptera: Pentatomidae). 

  Insect introductions have negatively impacted the population of koa bugs in 

Hawaii over the last few decades. Yet, the koa bug is still found on all of the major 

islands and in various climate areas. 

Female Male 
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