Waggle It, Just a Little Bit

Focus Question

How do bees interact with each other, and specifically, how do they let members of their hive know of potential food sources?

Activity Synopsis
Students will replicate the waggle dancing behavior of bees to gain an understanding of communication among honeybees.

Time frame
1 class period

Student Key Terms

· waggle dancing

· Round Dance

· hive

· social insect

· colonial

· social colony

· caste

· morphological polymorphism
· swarming
· nursing worker
· drone
· haploid
Objectives

The learner will be able to:

· discuss forms of communication among animals.

· describe how honeybees communicate potential food sources to the hive.

· model a unique form of communication among a hive of honeybees.

Fourth Grade Standards Addressed

Science Standards

IA1a, IA4a, IIA2b, IIB1a,b

Background

Key Points

Key Points will give you the main information you should know to teach the activity.
· Honeybees, Apis mellifera, are colonial, social insects.  They live in hives, and within the hive there are social orders called castes.  Castes include the queen, workers, and drones.

· Honeybees eat nectar and honey.  Foraging workers search for sources of nectar, and return to their hive to let other foragers know of the location of sources of nectar.  Honeybees will not tell other hives of the source of food, only their own hive.

· In order to transfer the knowledge of a food source to other foragers, the foraging bee performs a waggle dance to detail the distance and direction of the food source.  The forager also brings back pollen and distributes this to other foragers.  This helps in the search by giving the other foragers scent clues.  The forager also regurgitates the nectar.

Detailed Information

Detailed Information gives more in-depth background to increase your own knowledge, in case you want to expand upon the activity or you are asked detailed questions by students.

Social Structure

The honeybee, Apis mellifera, is a colonial, social insect.  This means that individuals of this species cannot exist except in close association with others of their species.  There are different kinds of colonial animals.  Corals are colonial, however, they differ from honeybees in that corals are connected anatomically.  Ants, bees, termites, baboons and humans live together and are functionally and/or behaviorally interdependent and are therefore considered to be social colonies.  Morphological polymorphism is the specialization of forms for the division of labor within a colony.  The different types of individuals are termed castes.

In a colony of bees, the society is primarily female.  All of the worker bees are sterile females.  The determination of caste is determined during the immature stages of the insect.  The presence or absence of specific substances determines the caste of the developing insects.  Males exist briefly and function only for fertilization.  Male bees neither contribute to the construction of the first nest, nor do they remain with the queen.  A honeybee colony divides in a process called swarming.  Once the hive becomes crowded, the mother queen leaves the hive with a portion of the worker bees and they found a new colony.  The remaining workers bees are left with developing queens.  Once hatched, a new queen will take a few nuptial flights and will copulate with the males (drones).  During this time, she accumulates enough sperm to last her lifetime and the males die after fertilization has occurred.  This queen may also choose to leave with some workers to found another colony.  

Queens may lay up to 1000 eggs per day.  “Nursing workers” feed the developing larvae with a diet that results in the development of more sterile female, i.e. additional worker bees.    The nursing behavior of the females is influenced by the “queen substance”, a pheromone emitted by the queen bee.  When swarming occurs (or when the queen’s ability to lay eggs diminishes), the production of queen substance declines.  Without the effects of the queen substance, the nursing workers begin to construct “royal cells” into which they place eggs and a substance called royal jelly.  Scientists have been unable to determine the exact composition of royal jelly.  However, it is known that the eggs placed into these royal cells feed on the royal jelly and develop into queens in about 16 days.  When the queens hatch, one queen will kill the other emerging queens.  Simultaneously, the nursing workers are placing unfertilized eggs into cells that are NOT royal cells.  These haploid eggs develop into male honeybees, or drones.

Waggle Dancing

The waggle dance is a form of communication among honeybees.  The dance communicates sources of food primarily, but can also be used to communicate potential nest sites or water if the hive is in need.  Adult honeybees drink nectar and eat honey.  For example, in the mountains of South Carolina, honeybees may be attracted to joe-pye-weed that grows on patches of sediment in streambeds.  After foraging for food, the successful scout bee returns to the hive, and within the hive, she performs a dance to let the other workers know the nature, direction and distance of a food source.  The honeybee will only return to her hive with this information, she will not tell other hives of honeybees where there is a good source of food! The scout bee also has pollen on her body that provides information about the source of the food and she distributes this to other foragers; and in addition, the scout will regurgitate food so that the other foragers will know the taste of the food. The honeybee regurgitates the nectar to other worker bees.  These workers either distribute for consumption or process it into honey and store it within the hive. The pollen that the honeybee carries within her pollen basket also provides the colony with amino acids, vitamins and fat.

If the food is located in the direction of the sun, then the bee will perform the dance upward within the hive, if the food is located away from the sun, then the bee will perform the dance downward within the hive.  The degree to the right or left of the vertical indicates the angle of the sun to the right or the left of the food source.  Even more interesting, the honeybees have an internal “clock” that compensates for the passage of time between discovery of the food and the beginning of their dance within the hive!  This means that the dance will be correct even though the sun will have changed position between the discovery of the food and the dance.  And even more interesting than THAT, the hive is too dark for the dance to be detected visually, so the other bees must detect the dance as vibrations received through the antennae or legs.  The audible pulsations help to indicate the distance of the food source.  The modality has not been fully described by scientists!  

If the scout has found food very near the hive, the bee will only perform a round dance.  In this dance, the scout bee walks around in circles, changing direction every turn or two.  This dance does not tell other bees direction to the food, but it does tell the hive that there is food nearby. 

So, how do you “waggle it” in order to tell the hive where the food is?  The dance is actually a figure 8.  The most important part of the dance is the “run” up the middle of the figure 8.  It is during this run that the bee waggles her abdomen, creating audible pulsations.   The direction and angle of this part of the dance, in relation to the vertical, is the part of the dance that tells the other bees the location of the food source.    As stated previously, straight up means that the food is located in the direction of the sun.  Within the dark hive, the bees know “up” because they are sensitive to gravity.  For example, if the bee orients the waggle part of her dance 50 degrees to the left of the vertical, then the food is located 50 degrees to the left of the sun.  The faster the bee does the entire dance, i.e. the whole figure 8, the closer to the hive the food source is located.  If the bee completes the figure 8 slowly, then the food source is far away.  The dance of the bees was decoded by Karl von Frisch (1886-1982) during the mid-1900s.  

A given honeybee need NOT see another bee dance in order to know how to waggle it.    Therefore, this behavior could be considered an “instinct”.  That being said, during the 1950s and 1960s, animal behaviorists began arguing about the accuracy of the term instinct.  

In 1930, Konrad Lorenz began animal behavior experiments.  It was Lorenz who divided behavior patterns into instinctive vs. learned.  Instinctive behaviors were said to be those that developed independently of experience and learned behaviors were the opposite of instinct.  In order to categorize behaviors into these two categories, Lorenz performed isolation experiments.  In these experiments, he would isolate at birth an animal from its normal environment.  According to Lorenz’s research, if an animal developed the behaviors expected of that species in an isolated environment, then the behavior fell into the instinct category.  Scientists later argued that behaviors must be considered as a combination of genetics and environment.

Interesting honey facts from http://www.pbs.org/nova/bees 

(This website is a good resource for background information)

· The honey we eat is nectar that bees have repeatedly regurgitated and dehydrated.

· In a lifetime, a worker bee will produce 1/12 teaspoon of honey.

· In a single collecting trip, a worker visits 50-100 flowers and returns with half her weight in pollen and nectar.

Procedures

Materials

· a large cut-out of the sun

· a different scents of lotions and/or powders

· a photo of Apis mellifera is available on www.enature.com.  Please be aware of copyrighted material.

Procedure

1. Ask students how we as humans communicate with one another?  Do we only use verbal communication?  How do we communicate if we cannot speak (imagine hearing impaired people)?  If I wanted to let you know that there is food beside me, but I do not want to speak out loud, how might I tell you that?  (Hopefully some students will suggest that you point at it!)

2. Imagine communication among insects.  They cannot speak to each other, so how do they let each other know about very important food sources?  (Note: if students have not studied social insects like bees and ants, you may want to do a brief introduction to these animals.  Important points such as these animals are “social insects” and cannot live alone, without their hive.  Within a honeybee hive, there is a queen, who may lay 1000 eggs per day, and there are female worker bees that feed the queen and all of the developing larvae.  Males are short-lived and die after mating with the females of the hive; therefore, a hive is for the most part female.)  When a worker bee goes out and finds a perfect field of flowers, how would she tell the rest of her hive about the food source?

3. Following a brief brainstorming session by your students, tell your class that honeybees actually dance to communicate food sources!  The bees use the sun as a reference point and within the hive the worker bee performs a dance so that her fellow worker bees can find the food source.

4. Explain to your students how honeybees use the sun as a direction marker for the dance.  Tape the sun cut-out on the front board and demonstrate a couple of waggle dances.  Be sure to demonstrate performing the dance quickly (i.e. quickly performing the “circuit”) for food that is close-by and waggling slow for food that is farther away.  Also demonstrate food that is located away from the sun (the straight line part of the dance is directed downward – and in our case away from the sun) and food that is located toward the sun.  Finally, remember that when the dancer bee is performing the “straight-run” part of the dance, she is making audible sounds for the other bees to hear.  You may choose to clap your hands quickly or slowly as you perform the full dance.

· How to dance: choose an area in the classroom for your food source.  Tape the sun on the front board.  Tell your students that they will be your hive.  Let the students see where your food source is located.  Remember, you are creating a figure 8, and the straight line part of the dance should point at the food source.  So, it is easiest to begin by running a straight line toward the food source, while clapping, and then create a figure 8.  Demonstrate running the circuit slowly to translate a food source that is far away and quickly to demonstrate a food source nearby.

5.   Ask your students to practice these dances with you.  It may be best to set parameters for this model.  For example, you may state that food sources within the class desks are considered “close-by” and food located on the perimeter of the classroom is considered “far away”.  So, if their food source is hidden within the set of class desks, the dance will be performed slowly.

6. Divide your students into “hives”.  We will imagine that there is a queen honeybee (the students may like to draw one and have her sitting on a desk in the middle of the group), but each of the students will pretend to be female worker bees.

7. Have your students choose a scout bee and give this “bee” a food source (one of the different lotions/powders).  At this point, you may choose to do this in a couple of different ways.  Your scout bee needs to hide the food source somewhere in your classroom.  Depending on behavior of your students, either (a) have the other hive members lay their heads down and cover their eyes, or (b) take the other hive members out into the hallway as the scout bees hide the food.  GIVE YOUR SCOUT BEES GUIDELINES/RESTRICTIONS FOR HIDING PLACES SO THAT THEY DO NOT STUMBLE UPON YOUR PERSONAL BELONGINGS AS THEY ARE HIDING THEIR FOOD SOURCE!!
8. Tell the scout bee to put a little of the lotion/powder on her arm and then hide the “food source”.  This models how the scout bee gives each forager a bit of pollen so that other members of her hive know the scent of the food source! (Alternative: you may choose to use different candies as the food source, and allow each student to taste the candy – modeling how the forager will return to the hive and regurgitate some of the nectar for other workers to taste.)

9. Bring the hives back together.  Tell the scout bee that he/she must now communicate to the other worker bees where the food source is located.  Allow the worker bees to sniff the lotion/powder on the forager’s arm so that they know the scent of the food they will be locating.  Point out the location of the sun on the front blackboard and allow each scout bee to begin his/her dance.  Remind the scout bee that the faster she completes the dance, the closer the food source – the slower she completes the dance, the farther away the food source.  He/she should be making audible sounds that indicate the pace of the waggle dance!  Have the worker bees write down where they will begin looking for the food source.  They may do this by drawing a sketch of the classroom and circling their prediction of where the food is located.

10. Allow each group to share their waggle dancing and predictions as to the location of their food source.

11. Then, allow the groups to go looking for the food source.  Remind them that they received clues from their scout bee as to what type of food that they are trying to locate!  The scout bees may have hidden similar food sources nearby to each other!  

12. Allow other hive members to serve as scouts if they (and you!) choose.

13. Lead a summary discussion of waggle dancing as an important type of communication within a honeybee hive.  What influences the honeybees to perform the dance?  (The location of a food source.  The dance itself is changed and affected by the location of the sun during the day) How are the honeybees interacting with the living and non-living components of their environment?  (How do they interact with the plants, the sun, their hive mates, etc.?)

14. Finally, ask your students how they observed their scout bees’ dances.  (They used their sense of sight).  Imagine that you are a honeybee and you have to do this within a very dark hive.  Can their fellow bees use their sense of sight?  In our model of waggle dancing, we used our sense of sight to pick up on the dance of the scout bee.  However, in a dark hive, how might other bees detect the direction of the scout bee’s dance?  (It is likely that the other bees receive the dancing bee’s vibrations through their antennae or their legs – also the sound pulsations of the dancer indicate the distance of the food)

Teacher Guided Math Extension  

(Created with the assistance of Kathryn Dickson, Alson Middle School)

You will need two spools of string for this extension.

Explain to your students that a honeybee uses the sun to help her determine the location of the food source.  She determines the angle between the sun and the food source and tells other members of her hive that angle so that they can also locate the food source.  

Review acute, obtuse and right angles with your students.  

You may choose to do this outdoors.  Using your classroom or the playground, gather your hive and put a food source on the ground.  If you are outside, to the best of your ability, stand in line with the sun.  Ask your students to stand in front of you and point at the food source.  Ask one volunteer to go stand at the food source. You and the student at the food source should each hold a spool of string.  Ask for two more volunteers.  Instruct each of these students to walk with the string in a straight line until they walk into each other.  

Show the students that you have created an angle.  Ask your students to begin lining up along the angle that has been created with the string.  Have they created an acute, right or obtuse angle?

Repeat the exercise with a few different angles.

Assessment

Have your students devise a way to communicate the location of food within your school without using verbal communication.  An example could be drawing a map of the school to indicate the location of food.  Ask the students to share with you their form of non-verbal communication.

Following the discussion, ask the students to describe to you how a honeybee would communicate the location of the food source within your school.

Rubric (out of 4 points):

1 point: Did the student adequately communicate the direction of the food source?

1 point:  Did the student adequately communicate the distance of the food source?

1 point:  Was the student able to communicate location using only non-verbal clues?

1 point:  Did the student correctly describe a waggle dance for the location of the food source in your school?
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Members of the COASTeam Aquatic Workshops development team include: Katrina Bryan, Jennifer Jolly Clair, Stacia Fletcher, Kevin Kurtz, Carmelina Livingston, and Stephen Schabel.

From COASTeam Aquatic Workshops: Mountains (Grade 4); a joint effort between the COASTeam Program at the College of Charleston and the South Carolina Aquarium – funded by the SC Sea Grant Consortium.
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