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Overview  
About 90% of flowering plants rely on bees and other animals for reproduction through 

pollination.  Pollinators, in turn, benefit from plants by receiving food in the form of nectar and 

pollen.  This “win-win” relationship between plants and pollinators is called a mutualism. This 

lesson encourages students to understand mutualisms from the POV of both plants and 

pollinators, and gain an intuition for the effects that human disturbance can have on plant-

pollinator interactions.   

 

Science Standards (NH Science Curriculum Frameworks) 

 

LS 
S:LS1:6:3.3 Explain that all living things reproduce in order to continue their species. 

S:LS1:8:3.3 Explain that in sexual reproduction, a single specialized cell from a female merges with a specialized 

cell from a male in a process called fertilization. 

S:LS1:8:3.4 Explain that the fertilized ovule cell, carrying genetic information from each parent, multiplies to form 

the 

complete organism. 

S:LS2:8:1.1 Explain how changes in environmental conditions can affect the survival of individual organisms and 

an entire species. 
S:LS2:8:1.3 Using data and observations, predict outcomes when abiotic/biotic factors are changed in an 

ecosystem. 

S:LS2:6:2.2 Recognize that one of the most general distinctions among organisms is between plants, which use 

sunlight to make their own food, and animals, which consume energy-rich foods. 

S:LS3:6:1.2 Explain how changes in environmental conditions can affect the survival of individual organisms and 

the entire species. 
S:LS2:4:3.1 Recognize that plants and animals interact with one another in various ways besides providing food, 

such as seed dispersal or pollination. 

S:LS2:4:3.2 Describe ways plants and animals depend on each other (e.g., shelter, nesting, food). 

 

Focus Question 

How do mutualisms work?  How could plant-pollinator mutualisms be affected by human 

disturbance? 

 

Objectives 

After playing several rounds of the pollination game, the students will be able to: 

• Describe plant reproduction using the technical terms for the plant reproductive parts 

• Describe the process of animal mediated pollination 

• Formulate strategies for maximizing reproduction from the POV of both plants and 

pollinators.    



• Make predictions about how different types of plants could be affected by pollinator decline 

 

Background 
Many flowering plants reproduce sexually. Pollen (containing sperm) is transferred from the 

male anthers to the female stigmas.  Since plants can’t move around, they often use animals to 

move the pollen for them. These animal “pollinators” don’t work for free, they are “paid” in 

nectar and pollen, which they either eat or feed to their offspring. People sometimes thinks of 

these mutualistic relationships as altruistic, but that is not the case. The purpose of this exercise 

is to allow the participants to determine if altruism is really at play, as well as to have a better 

understanding of what pollinator decline means for the world around us.      

Vocabulary 

• Pollen: a powdery substance produced by plants that contain the male germ cells (sperm).  

• Anther: the part of a flower’s male organ which releases pollen.   

• Stigma: the part of a flower’s female organ which receives pollen.   

• Style: The stalk that supports the stigma. 

• Ovary: the part of a flower’s female organ which contains the ovules. 

• Scopa: the pollen carrying apparatus on bees.  Honey and bumble bees have a specialized 

scopa called a “corbicula.” 

• Larvae: juvenile forms of animals that undergo metamorphosis, such as many species of 

insects (including bees).  Maggots, grubs and caterpillars are examples of larvae.  

 
Materials (for 18 students) 

• 27 plastic cups 

• Masking tape  

• Markers 

• Scissors 

• Six baggies 

• Enough handouts (included below) for everybody (one per person). 

• Two copies of the game instructions (included below). 

• A big bag of  jelly beans (it is handy to sort them into colors, but not necessary) 

• Several big bags of starbust (you will need at least 100 of at least 2 colors, again, it is handy 

to pre-sort them into colors, but not necessary) 

• Optional -- 6 pre-made petals made from foam or construction paper 

• Optional -- 6 pre-made petals made from foam or construction paper 

• Optional -- pre-made petals made from foam or construction paper 

       

Preparation – Place a small strip of masking tape on all of the plastic cups.  Write 

“Corbicula” on nine of them.  These will be given to the first group of bees along with their 

handouts.  Label nine of the cups “Stigma”, and the remaining nine “Anther”; these will be 

given to the plants along with their worksheets/instructions. When it is time to move from 

the intro to the game, divide the class in half, and pass out one set of materials to each half.  

From there they can read the instructions and figure things out.  You should read through 

the instructions carefully to be sure that you understand the entire game, and can help the 



students as necessary.  The game starts out with a very simplified version because the 

game, while simple to play, can be advanced to explain.  We have found that it is easiest to 

start with a simple game and then make the game slightly more advanced each round. For 

very young students, it may be best to stick with the simplified version of the game for all 

rounds, but older students will enjoy the strategy involved with making the game reflect 

reality.    

 
Procedure – This is what you will do during class.  Time estimates for each section are included 

1. Introduction: Talk about plant reproduction. Brief PowerPoint presentation. <10 minutes 

2. Hook:  Focus on importance of pollination to everyday life (crops and wildflowers), and talk 

about pollinator decline. 

3. Background: Discuss plant reproduction.  Most flowering plants reproduce sexually, and 

many flowers have both male and female organs.  Plants reproduce through pollination: the 

transfer of pollen (each pollen grain contains one sperm cell) from the anthers (male organ) 

of a flower to the stigma (female organ).  Pollen is often transferred from anthers to stigmas 

by bees, which is why bees are a type of pollinator. Bees collect the pollen, then travel to 

their nest to feed the pollen to their larvae, or immature offspring. Bees carry the pollen in 

their scopa.  The scopa of honey bees and bumble bees is called the corbicula, or “pollen 

basket.” When a bee visits a flower, it collects nectar and pollen.  When that bee visits 

another flower, some of the previously collected pollen is accidently transferred to the 

plant’s stigma.  When the correct species of pollen lands on a stigma, the sperm will travel 

down the style, into the ovary, and fertilize an ovule. When the wrong species of pollen lands 

on a stigma, fertilization does not take place. ~10 minutes      

4. Experiment: The students will break up into two groups of equal sizes. It is ok if the group 

sizes are not exactly equal. One group will be the pollinators and the other group will be the 

plants. Each group will receive their own instructions, which are given in the instructions 

handout below. Have one person per group read the instructions aloud to the rest of the 

group. Each round should last around 5 minutes. 

5. Round 1: follow the instructions on the handout to complete one round of the game. In round 

one (and all subsequent rounds where only the simple rules are used), all plants start out 

with 10 ovules in the “stigma” cup and 20 pollen grains in the “anther” cup.  The color of 

the candy does not matter for round one.  The color will matter in later rounds, if the 

advanced rules are employed, so the plants will have to sort out the right color candy.      

6. Round 1 data collection: After one round of the game, have everybody count the number of 

offspring they made.  For bees, this is the total amount of pollen collected divided by two. 

For the plants, it is the number of matching pollen-ovule (jelly bean-starburst) pairs in the 

ovary of each plant.  Have each group divide the total number of offspring per species by the 

total number of individuals of that species.  If the number is greater than one, the population 

increased.  If the number is below one, the population decreased.      

7. Round 1 wrap: have the students discuss what they learned and fill out the portion of the 

worksheet that related to their group while the instructor sets up the next round.   

8. Round 2: Have the groups switch “teams.” Hand out the instructions and materials for the 

corresponding team. If the class understands the game well, add the advanced rules into the 

game.   

9. Round 2 data collection: identical to step 6.   



10. Round 2 wrap: have the students discuss what they learned and fill out the portion of the 

worksheet that related to their group 

11. Subsequent rounds: If time permits, play more rounds of the game.  Use your judgment to see 

if the game should be advanced to add additional strategy.  More advanced versions of the 

game are explained below.    

12. Lesson/wrap:  Engage the whole class.  Ask them about differences between being plants 

versus pollinators.  Relate back to mutualisms.  Poll the groups.  Did anybody experience a 

population decline?  Probably not.  Ask whether they cared about the bees when they were 

acting as the plants.  Likewise, ask if they cared about the plants when they were acting as 

the bees.  Most people will say no to both questions.  So . . . everybody had a population 

increase even though they were only looking out for themselves.  That is the key insight of the 

lesson: that mutualisms function because the circumstances lead to an “everybody wins” 

situation, even though the participants of the mutualisms have no interest in the welfare of 

the other parties.   

Assessment 

• Assessment will be demonstrated by completing the handouts and by participating in the 

discussions.  

Extensions 

• If time permits, demonstrate “pollen limitation.”  Pollen limitation is when plant reproduction is 

limited by the amount of pollen the plants’ stigmas receive.  For example, if a plant produces 

more seeds when it received more pollen, it is pollen limited. If a plant can’t make more 

seeds even when it receives more pollen, the plant may be limited by something else, like 

water or sunlight. Plants that are pollen limited are more likely to suffer negative 

consequences if pollinator abundance drops. To demonstrate pollen limitation increase the 

number of ovules that each plant has and perform a round of the game. Now cut the # of pollinators 

in half and turn them into plants.  Run another round and see how plant reproduction changes when 

the plants are pollen limited as compared to previous rounds.   

• This is a great lesson to do right before Halloween. Talk about the similarities between trick-

or-treating and pollinating – trick-or-treaters are like foraging pollinators, going from house 

to house collecting treats.  They chose the houses based on how the house is decorated, and 

by what the houses are giving out as treats.  Without realizing it, trick-or-treaters are using 

optimal foraging theory to get the most candy while spending the least amount of time and 

energy.  

 

 

 

 

 

 

 



Bees – Instructions  
As a bee, your job is to collect pollen to feed the baby bees (larvae) in your colony. 

You collect pollen from plants and carry it in your “corbicula” or pollen basket. 

Once you are back in your hive you have to provide larvae with a pollen ball. The 

more pollen you collect, the more baby bees you can make.  

 

Simple rules of the game: 

 

1) When you visit a flower, you first have to deposit one pollen grain on the plant’s 

stigma. If you don’t have any pollen collected, skip to step 3.  

 

2) The pollen grain you deliver must be randomly chosen from your corbicula.   

 

3) After you deposit some pollen, you can collect pollen from the anther (or the 

plant will hand it to you). Notice how much pollen you receive from the plant, 

because it might not always be the same.  

 

4) You can only deposit pollen on the stigma, and collect pollen from the anther.   

 

5)  In our game, every two pollen grains you collect will make one pollen ball, and 

therefore a baby bee. 

 

Additional rules to make the game reflect real life.  Use only if you want to 

advanced the game and after at least once round has been played. 

 

Bees don’t live forever, and they can only carry so much pollen before they are too 

heavy to fly. You need to maximize the amount of pollen you get on each foraging 

bout.  Before the game, discuss foraging strategies with your hive-mates. During 

the game, you can discuss which flowers are best to visit, but only when you are 

in the hive. 

  

6) You can only visit three flowers per foraging trip.  After that you have to return 

to the nest to drop off the pollen you have collected.   

 

7) Bees have limited life spans.  You can only make three foraging trips before you 

kick the bucket.  Make the most of each trip! When you are in the hive, talk to each 

other to communicate which flowers are best!  
Preperation:  Each bee should take a plastic cup labeled “corbicula.”  This is how you will 

transport your pollen 



Plants – Instructions 

As a plant, you need help reproducing since you can’t move around.  Insects will 

help you, but they don’t work for free.  You pay them in pollen, but pollen is also 

needed to reproduce! In real life you would pay the bees in nectar as well, but let’s 

ignore nectar for this game. Your goal is to make as many seeds as possible. To do 

this you need to have both a pollen grain and an ovule. Therefore, for each grain of 

pollen that is delivered into your stigma, you can make one seed – until you run out 

of ovules.  For example, if you have 10 ovules and receive one pollen grain, you 

make 1 seed.  If you have 10 ovules and receive 100 pollen grains, you can only 

make 10 seeds.    

 

Simple rules of the game: 

1) When a bee visits you (the flower), ask them “do you have pollen for me?” If 

they do, have the bee place the grain of pollen (a starburst) in your stigma. 

 

2) Next, give the bee 2 pollen grains (starburst) from your anther.   

 
3) When you are all out pollen to give away, fold your arms to make it clear that 

you are out of pollen.  When all the flowers are out of pollen, the game is over.  

Count how many seeds you were able to make. 

 

Advanced rules to make the game reflect real life.  Use only if you want to 

complicate the game and after at least once round has been played. 

In real life there are many species of flowers. Divide the group of plants into 2 

groups, each will be a different species, with corresponding colored petals, pollen 

and ovules. Plants can only produce seeds if they receive pollen from a flower of 

the same species. This time when you count up how many seeds you make, discard 

the pollen from other species, you can only pair your ovules with the right pollen.   

   

In addition, each species has to come up with their own reproductive strategy – 

how many pollen grains will each flower have?  How many ovules? How much 

pollen does a bee remove when it visits the flower? Is it good for the members of 

your species to be spread out all over the room?  Or clumped together? In our 

game, all your strategizing will be done before the game starts, since plants are 

very passive once the pollination process begins. Talk with your group and use the 

“in game worksheet” to come up with your reproductive strategy.    
Preparation: Each plant should have their petals (which may indicate species), as well as 

two cups: one labeled “Anther” and the other “Stigma.”  Place all your ovules (jelly beans) 

in the stigma and all your pollen (starburst) in the anther.    



Bees – in game worksheet 
Round 1 
 

Post game: count the total pollen grains collected by your sisters and divide that number by 

two.  That’s how many bees you made. 

How many bees did your colony produce? ________ (total pollen grains divided by 2) 

How many bees were in your colony? ____________  

Divide the number of bees you made by the number of bees originally in your colony.  If that 

number is greater than 1, your colony grew.  If that number is less than 1, your colony shrank.  

Did your colony grow or shrink? ____________________ 

 

Round 2 
 
How many bees did your colony produce? ________ (total pollen grains divided by 2) 

How many bees were in your colony? ____________  

Divide the number of bees you made by the number of bees originally in your colony.  If that 

number is greater than 1, your colony grew.  If that number is less than 1, your colony shrank.  

Did your colony grow or shrink? ____________________ 

If applicable: What is your strategy for getting the most pollen grains per visit? _____________ 

______________________________________________________________________________

______________________________________________________________________________ 

______________________________________________________________________________

______________________________________________________________________________ 

 

 

Round 3 
 

How many bees did your colony produce? ________ (total pollen grains divided by 2) 

How many bees were in your colony? ____________  

Divide the number of bees you made by the number of bees originally in your colony.  If that 

number is greater than 1, your colony grew.  If that number is less than 1, your colony shrank.  

Did your colony grow or shrink? ____________________ 

If applicable: What is your strategy for getting the most pollen grains per visit? _____________ 

______________________________________________________________________________

______________________________________________________________________________ 

______________________________________________________________________________

______________________________________________________________________________ 

 

 

 

 



Plants – in game worksheet  

 

Round 1 (or when the game is played with simple rules): 

How many seeds your population produce, total? _________________________________  

How many plants were in your population? __________________________________________  

Divide the number of seeds you made by the number of plants originally in your population.  If 

that number is greater than 1, your population grew.  If that number is less than 1, your 

population shrank.  Did your population grow or shrink? ________________________________ 

What proportion of your species’ ovules were fertilized? _____ If less than 100% of your ovules 

were fertilized, you were “pollen limited” because they number of seeds you made is limited by 

how much pollen you get. Were you pollen limited?________________ 

 

Round 2: 

If using simple rules, use the extra space provided above to record your results, if using the more 

advanced rules, use the worksheet below.   

 

Before each round, get together with the other members of your species and come up with a 

reproductive strategy.  

 

Things to determine: 
Resource allocation: You have 30 “reproductive units” per plant, meaning that each plant could 

have 15 pollen grains and 15 ovules, 1 ovule and 29 pollen grains, etc.  How will you divide your 

resources?  _________ pollen grains and _______ ovules per flower. 

 

Reward: Some plants give out more pollen to each visiting bee than others.  How many pollen 

grains are you going to give each visiting bee?  __________________ 

 

Spatial structure:  How are you going to space yourself out in the room?  Are all members of 

your species going to clump together?  Or are you going to spread out around the room? 

___________________________________________________________________________ 

 

  

Post game: 
 

1) How many bees seeds your population produce, total? ________________________________  

2) How many plants were in your population? ________________________________________  

3) Divide the number of seeds you made by the number of plants originally in your population.  

If that number is greater than 1, your population grew.  If that number is less than 1, your 

population shrank.  Did your population grow or shrink? ________________________________ 

What proportion of your species’ ovules were fertilized? _____ If less than 100% of your ovules 

were fertilized, you were “pollen limited” because they number of seeds you made is limited by 

how much pollen you get. Were you pollen limited?________________ 

 

 

 



Plants, in game worksheet Round 3 (if using more advanced rules): 
 

Things to determine: 
Resource allocation: You have 30 “reproductive units” per plant, meaning that each plant could 

have 15 pollen grains and 15 ovules, 1 ovule and 29 pollen grains, etc.  How will you divide your 

resources?  _________ pollen grains and _______ ovules per flower. 

 

Reward: Some plants give out more pollen to each visiting bee than others.  How many pollen 

grains are you going to give each visiting bee?  __________________ 

 

Spatial structure:  How are you going to space yourself out in the room?  Are all members of 

your species going to clump together?  Or are you going to spread out around the room? 

___________________________________________________________________________ 

 

  

Post game: 

 

1) How many bees seeds your population produce, total? ________________________________  

2) How many plants were in your population? ________________________________________  

3) Divide the number of seeds you made by the number of plants originally in your population.  

If that number is greater than 1, your population grew.  If that number is less than 1, your 

population shrank.  Did your population grow or shrink? ________________________________ 

What proportion of your species’ ovules were fertilized? _____ If less than 100% of your ovules 

were fertilized, you were “pollen limited” because they number of seeds you made is limited by 

how much pollen you get. Were you pollen limited?________________ 

 

 

 

 

 

 

 

 

 

 

 



Synthesis 
Write a few sentences describing the process of pollination.  Be sure to identify the plant 

reproductive parts and describe their function. ________________________________________ 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

Mutualisms are species interaction where both parties benefit. Think about your experience as a 

bee and as a plant.  In each case, did you benefit from the other party? Would you call your 

interactions a mutualism? When you were a bee, how concerned were you about the success of 

the plants?  When you were a plant, how concerned were you about the success of the bees?  

Write a paragraph about what you learned about mutualisms and plant-pollinator interactions. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

______________________________________________________________________________ 
 
 

Would plants that are pollen limited suffer more or less than plants that are not pollen limited if 

bees start to disappear? Why? _____________________________________________________ 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

When pollinators forage for nectar and pollen, it is similar to when you forage for candy by trick-

or-treating. What parallels can you draw between pollinators foraging, and trick-or-treating?  

Based on what you learned today, can you think of a good way to maximize trick-or-treating 

efficiency?  ____________________________________________________________________ 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________  
 

 
 

 

 

 
 

 

 
 



Additional synthesis questions for more advanced version of the game: 

 

What were your strategies as a bee for maximizing the amount of pollen you were able to take 

in? Do bees strategize like this in real life?  How? _____________________________________ 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________  
 

As a plant, what was the best way to allocate your reproductive resource?  __________________ 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________  
 

As a plant, was it better to be clumped together or spread apart?__________________________ 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________  
 

 


