

Winn Bee Teacher’s Guide:

Costs and Benefits of Foraging:  Using Ratios to Understand Foraging

	This exercise is to be conducted using WinBee, a very simple computer program written by T. Miller and A. Stuy. The program can be downloaded at:

FSU Department of Biological Science 

Note:  There is no Mac version for this software.

	Foraging ecology is the study of how organisms acquire resources. This includes individual behavior to gather all sorts of resources, such as nesting materials, food, and mates. We will specifically be concerned with the rules that govern how, where, and when pollinators visit flowers to collect rewards (and sometimes incidentally carry out pollen transfer). The basic premise of foraging ecology is that natural selection favors pollinators that are more efficient; that is, those that collect the most resources for the least amount of effort. Foragers do not collect resources haphazardly; rather their behavior has been molded by natural selection to maximize their efficiency.
 
The goal of this exercise is to allow you to explore simple foraging strategies that pollinators may use in maximizing their efficiency. Efficiency is usually quantified by the ratio of benefits obtained to costs incurred while foraging. A forager that achieves a higher ratio of benefits to costs is said to be more “efficient.” For pollinators, the benefits can be measured by the amount of reward they collect. Their costs can be measured by the energy they must expend flying from flower to flower collecting this reward.
 
As you complete this assignment, think about how you might explore some of these ideas in the real world. Could you do this as an experiment in the field?  How could you measure costs and benefits? How could you figure out what cues and what rules are used by a pollinator in a field of flowers to decide what flower to visit next? 

Using the Foraging Program

The program you will use for this exercise is called "WinBee.”  When the program begins, you will see a bee in a field of flowers on the right-hand side of the screen. To the left is a box labeled "Foraging Data." The program allows you to become the bee and to forage for nectar rewards on the flowers in the field. Each time you click on a flower, the bee will "fly" over and visit that flower and collect its reward ( try it!). Each time you visit a flower, the box on the left side of the screen will show you how much of a reward you collected and how much it cost you to get that reward. The cost is determined only by how far you had to fly to reach the flower, not by the type of flower. However, the six types of flowers differ in the amount of reward they offer (1 to 10 units) and in their abundance. A given flower type always gives the same reward unless the flower has previously been visited. Once you visit an individual flower, its reward is gone, and if you revisit that same flower, you will not get a reward. You will still get a reward from other flowers of the same type.
 
The goal for you (in your role as a bee) is to decide which flowers to visit that will maximize your overall efficiency.  That is, what is your "strategy" for choosing the next flower as you move from flower to flower during a foraging bout? If you have some previous knowledge of this flower community, you can consider a variety of important factors, including amount of nectar or pollen (related to benefit), how difficult it is to obtain that nectar or pollen (related to cost), distance to or density of your flower type (related to cost). Other factors may also be important in the real world, such as predation risk, temperature, distance from hive, etc., none of which we will explicitly consider in this program. So, do you just go to flowers that have the greatest reward, no matter what the cost? Or do you just go to flowers that have the lowest cost (e.g., closest), regardless of reward? These decisions can mean the different between life and death for your poor bee. 

[bookmark: _GoBack]Here are the instructions for completing your assignment. 

1. Before conducting this lab, you need to "predict" what you think will happen by constructing your own set of hypotheses about how bees should forage. You need to construct three hypotheses: 

a. H1: The foraging technique you think would be best for the bee. Explain. 
b. H2: At least one alternate hypothesis. Explain your hypothesis. 
c. H0: A null hypothesis, used for statistical analyses 

2.  Explore your "bee' environment!  Use the program to sample the different flowers available by visiting each kind and noting the reward that is offered. You should make some notes as you forage. Note that if you revisit a flower from which you have already collected a reward, the reward for the second visit will be zero because we are assuming that the flower will take a significant amount of time to replenish its nectar. Take as much time as you need to familiarize yourself with the bee, the different kinds of flowers, their different rewards, and the travel time. 

3. A foraging bout will consist of 15 visits. For each visit, record the reward received and the cost in terms of travel time in excel. At the end of the bout, total your rewards and travel time and determine the ratio of benefits to costs. After each bout, click on the box labeled "renew" to refill all the flowers for the next bout. 

a. Forage for one bout (15 flowers), visiting only the flower type with the highest reward. Calculate your benefit:cost ratio. Click on Renew. 

b. Now try a bout visiting only the most common flower. Compare the pattern of costs and benefits with those obtained by foraging only on the highest-reward flowers. Calculate your benefit:cost ratio. Click on Renew. 

c. Forage for one bout in which you always visit the nearest flower (taking care not to revisit a given flower). Calculate your benefit:cost ratio. Click on Renew. 

Rerun the program three more times, repeating each of the three strategies (high reward, most common flower type, nearest flower) once each. 

4. Now that you are an experienced forager, use your own set of rules and forage in what you think is the optimal fashion. For three separate bouts of fifteen flowers, try to maximize your benefit:cost ratio. Is your strategy better than any of first three? Try to figure out why you are getting better (if you are). 

When you are finished, use excel to create a bar graph showing your results. The bar graph should show the average benefit-cost ratio for your highest-reward, most-common, and nearest-flower stratagies, as well as the results from applying your own rules. 

If this was a lab for your students, we would have them provide brief, written answers to the following five questions and hand them in their data and graphs: 

1. Provide the three initial hypotheses you formulated before you used WinBee. Remember that we do not necessarily expect these to be correct, so there is no reason to change these after you have run the program. 

2. What "rules" did you follow when you were trying to forage optimally (section 4 above)?   Note that you are really just trying to maximize a fraction (resources / time), but that this can be done by increasing resources or decreasing time or BOTH.  So, fractions aren't just a single number, but the result of two separate processes, one in the dominator and the other in the numerator.

3. If you were a real forager in an actual field of flowers, what circumstances might cause you to change the rules you use in foraging? Give three circumstances and for each case suggest how the forager would change its behavior. 

4. Suggest three ways (other than increasing reward) in which a given plant species could increase the frequency with which it is visited by its optimally foraging pollinator. 

5. (Harder question!) We had you write down the benefits and costs for each flower visited. Note that some strategies result in lower variance in the benefits and costs across the 15 flowers in each bout. When might a forager actually prefer a risky strategy (high variance per flower) vs. a more consistent strategy (low variance)?  
