APES

Lab

Lady Bugs and Aphid Control

In this simulation, you will complete all the activities for parts 1-5, record all your results, answer all the questions, and provide a final summary of your findings. You will not need to write a formal report. 
Background

The plants we grow on our farms make good food not only for us, but also for many other animals. Historically, there wasn't much that could be done to directly prevent these other animals from taking our food, so people relied instead on natural mechanisms to control the populations of the pests. These natural mechanisms include such things as predatory insects and diseases killing the pests.

Since World War II, we have discovered many different chemicals that will kill pest species. These chemical pesticides (along with commercial fertilizers) have revolutionized how crops are grown. But pesticides also create problems. They not only kill the pests, but can also harm other species - sometimes including humans. They are expensive. And perhaps the biggest problem is that pest species are very good at evolving resistance to pesticides. There are no pesticides that are both safe for humans and for which the targets have not evolved at least some resistance. This means that to keep a pesticide effective in killing the pests on their crops, farmers must increase the amount they use over time and in most cases must eventually switch to a new pesticide (if there's one available).

Because of these problems, people have started to look again at various biological ways of controlling pests (known as "biocontrol"). In this lab, you work for the biotechnology company called Frankenstein, Inc., specializing in agricultural pest control. Your division of the company breeds ladybugs, and recently you've been asked by the Department of Agriculture to suggest a ladybug species for controlling aphids on wheat. Aphids are tiny insects that reproduce incredibly rapidly and can quickly decimate a crop. Ladybugs are voracious predators of aphids that have the potential to stop aphid outbreaks. Your company has 5 different species of ladybug available. These differ in how fast they move between wheat stalks, how far away they can see a colony of aphids when flying around, and how quickly they reproduce. Here is a table of each ladybug's abilities:

. 

Ladybug ID
Movement

Sight

Reproduction

A


Quick

Good

Fast

B


Quick

Poor

Fast

C


Slow


Good

Fast

D


Medium

Medium
Medium

E


Slow


Poor

Slow

There are trade-offs in these characteristics. Ladybugs that reproduce faster, see farther, or move quicker, pay a price by using up their energy reserves faster. The slower aphids can store more energy to last them through times when there is not much food available.

The Department of Agriculture wants you to suggest a ladybug species for controlling aphids on wheat, and to tell them how frequently the ladybugs need to be applied. The goal of the aphid control is to maximize the amount of wheat harvested at the end of each season. In addition, farmers like to have consistent yields from one year to the next (to know that they will get the same amount of wheat from the field each year), so a secondary goal is to have consistently high yields. Your suggestions should also consider cost. Your job in this lab is to try different ladybug species with different application regimes and then write a report to the Department of Agriculture with the two or three best combinations you found.
Exercise One: Starting Up

1. Shrink this instruction panel by clicking on the size control in the upper right of the panel (don't use the control in the window title bar, use the control in this panel).

Several other panels were hidden behind the instruction panel. The top-left panel shows a view of the field where you will do your experiments. The wheat, aphids, and ladybugs will appear in here. The Population Sizes graph plots the number of aphids and ladybugs as the model runs. A panel called Harvest shows you how much wheat has been harvested each year. Finally, the Ladybug Additions window lets you control which ladybug species is added, and the application regime.

Exercise Two: Aphid Destruction

1. Run the simulation by clicking on the Go button  (the green arrow button) in the Control Panel at the bottom of the screen.

At the beginning of the simulation, wheat will be planted across the whole field. You'll see the wheat growing by the change in color from dark to lighter shades of green. Pretty soon some fluorescent light-green aphids will show up and start eating the wheat. At the end of the 100-day growing season, the wheat will be harvested and a new crop planted (to speed things up, the model skips over winter time and just goes straight to the next spring). Many of the aphids will die over the winter and at the beginning of the growing season when there isn't much wheat, but a few will survive to take off again as the wheat grows larger.

Look at the Harvest box. This shows the number of pounds of wheat harvested from the field at the end of each season.

2. Let the model run for at least 6 growing seasons. At the end of each season, write down how much wheat was harvested. If the seasons go by too quickly, you can stop the model at the end of each one by clicking on the Stop button  (the red stop sign button), then restart it by clicking again on the Go button.

As you'll recall from the introduction, the Department of Agriculture and the farmers they represent are concerned with two aspects of their harvests: how much wheat they harvest, and how consistent this harvest is from one year to the next. This means they care about the average harvest and the variation in that harvest. So, the next thing you should do is calculate the average and standard deviation of the harvests you recorded above. You will then use this as the baseline to compare to different ladybug treatments. There are online library pages on calculating averages or standard deviations if you forgot how to do either of those.

3. Calculate and record the average harvest level over all the growing seasons you recorded in step 2.

4. Calculate and record the standard deviation of the harvests you recorded in step 2.

Exercise Three: Just Dropping In

The easiest thing for farmers to do is get an order of ladybugs once, dump them on their field, and that's it. So you should start by seeing if any of the ladybug species will control aphids with just a single addition during the first growing season.

1.To dump some Ladybug species A onto the field once in the first growing season, find the Ladybug Additions panel. In that panel is an item called Num Ladybug A. Change the number to 20. This will add 20 ladybugs in the first growing season. 

2. Reset the model by clicking on the Reset button  (the circular arrow button).

3. Run the model again by clicking on the Go button  (the green arrow).

4. As in Exercise 2, run the model for at least 6 growing seasons and write down the harvest levels each year. Calculate and record the average and standard deviation of these harvest levels. Also write down a few words describing the ladybug species (refer to the table in the introduction to do this) and record any general observations you have about the aphid and ladybug populations.

As you are running these different experiments, you should take a look at the Populations graph, along with watching the harvest level and the field. The Populations graph shows you how the populations of aphids and ladybugs are changing over time, and, by looking at the shapes of the curves, you may get clues to why some ladybug species and addition regimes are more or less effective than others.

You have just tried adding Ladybug A into the field. Go ahead and try each of the other ladybug species as well.

5. To change to Ladybug B, first set the Num Ladybug A item in the Ladybug Additions area back to 0.

6. Set the Num Ladybug B item in the Ladybug Additions area to 20.

7. See how big the harvests are for Ladybug species B as you did in steps 2 - 4 with the first ladybug species. Record your results. Then try the other 3 ladybug species and record your calculations, results, and observations for those.

Exercise Four: Repeat Performances

In the last exercise, you tried adding each ladybug species once in the first season, hoping the ladybugs would take care of themselves from then on. Farmers that spray their fields with pesticides would spray every year, and often more than once every year. So, it's not too much to ask that they apply ladybugs anew every year, or perhaps even several times a year. You can also suggest which day of the growing season they should add their ladybugs.

1. Pick one of the ladybug species you tried in the last exercise and set the number being added to 20.

2. To have this number of ladybugs added once every year, find the Addition Frequency item and type in "Yearly" (without the quotation marks).

3. To pick the day of the growing season when the ladybugs will be added, find the Day to Settle item. The growing season lasts 100 days. You can type any number into here less than 100. If you type "0" the ladybugs will be added right at the beginning of season, and at the other extreme, if you type "99" they will be added on the last day of harvest.

4. Reset and run the model. As before, calculate the average and standard deviation of the harvests over at least 6 growing seasons. Record your data, making sure to write down what you did (which species you used, etc.).

5. To add ladybugs weekly, change the Addition Frequency to "Weekly." Again, record your results. To go back to the original regime of adding only once in the first season, change the Addition Frequency back to "Once."

6. You should now try a number of different ladybug addition regimes with different species. Trying all possible combinations would take you too long, so you should try and look at each result you get and guess how to make it better. In the end, your goal is to come up with 3 different combinations of a ladybug species, an addition frequency, and a day to add, that all do a good job controlling the aphids. As you are doing this, remember that it is more expensive to add ladybugs every year than to add them once, and much more expensive to add them weekly. So the less frequent additions are better if they do as well at controlling the ladybugs. Also, so far you have added 20 ladybugs in each addition. You can change this as well, but of course adding less ladybugs is cheaper than adding more.

7. Based on your experiments, choose 3 good combinations of ladybug species, addition frequency, and day to add. With each combination that you try, write down the average and standard deviation of the harvest.

Exercise Five: Picking the Best

You now have lots of data on different biocontrol strategies using your ladybugs and it's time to decide what to tell the Department of Agriculture.

1. First, write down which two species/addition frequencies you think performed the best, justifying your selection with your data.

[Note that it could be that even though one of your experiments had a slightly higher average yield than another, the difference was not biologically significant. If the means and standard deviations were pretty close, the order in which they came out could have been due to chance - if you repeated the experiments over and over the order would change. If you have learned some statistics (such as t-tests), you may want to see if there are statistical differences between the different ladybugs.]

2. Write a report to the Department of Agriculture. In your report you should explain what you did, which combinations of ladybug and addition regimes worked best, which treatment would be the cheapest (e.g., used the fewest ladybugs) and any statistical evidence you have that these really were the best combinations. If you have ideas about why these particular ladybug species and addition regimes worked best, you should also include those ideas in your report.

Wrap-up

Adding predatory species is just one of several different pest control techniques that farmers use as alternatives to pesticides. Another "biocontrol" strategy for controlling pests is to plant more than one crop in the same field, called inter-cropping. If the pest insects on one crop are different than those on the other, each pest will have less food in the field and this may prevent it from reaching as high a population size. Another similar strategy is to make smaller fields with different crops in each field, so that there are not large areas covered with a single crop that a single pest insect can spread across easily. Farmers will also often rotate the crops that are in a particular field. If they planted wheat one year, they may plant corn the next and barley the third. This way the wheat pests won't have any food the next year and will hopefully die out before wheat gets planted in that field again. All these strategies have actually been used, consciously or unconsciously, for thousands of years, and are still used in many parts of the world where pesticides are too expensive.

From an ecological standpoint, as you were watching the population sizes in this model, you probably noticed cycles of predators and prey. The aphid population would grow higher, and this would be followed by growth of the ladybug population. As the ladybugs grew more numerous, they would start eating the aphids and bring down the aphid population size. As the number of aphids grew smaller, the ladybugs would start starving and the ladybug population would get smaller, starting the whole cycle over again. Other similar cycles are those between diseases and their hosts, and between the prey animals and the plants they are eating.

You shouldn't leave this laboratory with the impression that pesticides are useless or evil. Pesticides enable us to grow more food than we could have without them, and modern agriculture practices, on the whole, are very successful, as you witness every time you enter a supermarket. However, using ecology to control biological pests has the potential to improve farming in the future, especially as more and more pests evolve resistance to pesticides.
