APES

Lab 3

Cheetah Ecology

In this simulation, you will complete all the activities for parts 1-7, 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
Humans were first born in Africa, and perhaps that explains why the African plains have a special appeal to us. The biggest exhibits in zoos are often devoted to zebras, giraffes, lions, and other animals from the plains, and those same creatures feature prominently in nature films and television documentaries. Somehow, the idea of herds of millions of large grazing animals avoiding droughts and vicious predators strikes our imaginations very powerfully. Yet, as in most other places, these scenes are in grave danger of disappearing as human settlement encroaches on formerly wild lands.

Ecotourism is an important source of income in many African countries. This means that in addition to the desire to protect their heritage, there is also an economic incentive to keep some areas pristine. One strategy for doing this is to create parks. To be effective nature reserves, these parks must be large enough that no species within them is in danger of going extinct. Of course there is also a lot of pressure to make parks smaller, leaving the rest of the land free for livestock grazing, farming, and settlement by people. Thus, it's useful to know just how big a park is needed to keep everything alive. That then sets the lower size limit; a good park has to be at least that big.

Recently the government of Kenya has set aside some money to create a new national park. They are going to advertise this as a park with cheetahs to try and attract tourists. Another scientist has already told them that they need to maintain at least 100 cheetahs within the park to be pretty confident that the population won't go extinct. You have been hired by the government of Kenya to advise them on how big a park they need in order to maintain 100 cheetahs. This is not an easy question to answer, as there are many factors that might affect the cheetah population. One of the chief factors, though, is making sure there is enough food available. Cheetahs are predators, and, like all animals, are heterotrophs, meaning they need to eat other living things in order to gain energy and to grow. In this part of Kenya, the cheetah's main food source is a small antelope. Antelopes are medium sized herbivores that can run quickly to escape cheetahs and other predators. The antelopes, in turn, are herbivores (which are also heterotrophs) and eat the grass that grows in the plains during and after the rainy season. The grass, as an autotroph, is at the producer level of this ecosystem, and can make its own energy and biomass from sunlight and carbon dioxide.

Your approach for figuring out the minimum size of the park is to calculate how many antelopes are needed to keep a cheetah well fed, and then calculate how many square kilometers of grass it would take to feed this many antelopes. In this lab, you will collect these measurements in two different ways: by measuring the number of each species; and by measuring the energy contained in each species. You'll use each of these measurements to calculate the total area needed to support 100 cheetahs, and then justify which of the measurements you think is best.

Part 1: Starting Up
1. Shrink the 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 main panel in the top left shows a view of an area of savannah 50 kilometers on a side as you fly over it in an airplane. You will need to use the scroll bars to see the whole area. The green is grass, and the brighter green areas have taller grass. The blue animals with antlers are the antelopes that wander around grazing the grass. You'll also see a few red cheetahs (you may have to use the scroll bars to find them all). Each square represents an area 1 km on each side, and a square can hold more than one animal (though you will only see one animal per square on the screen).

2. Start running the model by clicking on the Go button in the Control Panel (the green arrow button).

The antelopes will graze grass underneath them, which you'll see as darker grass. The cheetahs will chase and capture antelopes. Cheetahs can only catch the young or weak antelopes, so sometimes you will see them chase an antelope but miss it.

3. Stop the model by clicking on the Stop button in the Control Panel (the red stop sign button).

Part 2: Estimates Using Population Sizes

NOTE: For full credit, all data, calculations and final answers must be recorded and clearly labeled. All questions must be answered. Don’t forget a conclusion (Part 7).
The first way you'll try to estimate the area needed for 100 cheetahs is to calculate the number of antelopes in this 50 x 50 km area, count the number of cheetahs in the same area, and use this to make your estimate.

1. Start by counting the number of cheetahs in the area. You may want to run the model a bit more (using the Go and Stop buttons in the Control Panel) and use the scroll bar to make sure you find all the cheetahs. Record this number.

2. There are many antelopes, and counting them would take a long time. You will instead count the number in a smaller area and use this sample to figure out how many are in the whole area. To count the antelopes in a 5 km x 5 km area, click on the Sample button in the Control Panel. Now move your mouse to a random area in the park. In order to make sure you pick the area randomly, close your eyes and move your mouse around a bit. Then open your eyes again and click the mouse button to take the sample. Record the number of antelopes that get reported to you.

3. Calculate the amount of area you sampled above (how much area is covered by a square that is 5 km on each side). 

4. Calculate the area of the whole stretch of savannah that you are looking at, remembering that this stretch of savannah is 50 kilometers per side. 

5. Calculate how much larger the total savannah is relative to the area you sampled. 

6. Using the numbers from steps 2 and 5, calculate an estimate of the total number of antelopes in the whole area of savannah. 

When you randomly picked an area of the savannah to sample, you may by accident have picked an area with lots of antelopes, or an area with very few antelopes. Thus, the number of antelopes you estimated in step 9 may be higher or lower than the real number. To get a better estimate, it is good to sample in more than one place and then average the samples together.

7. Sample two more areas for antelopes, as in steps 2 - 6. Record your data, and then average the results from the three different areas together. How different were the three different samples from each other? Do you think you need multiple samples in the future or is one enough?

Part 3: Estimating Park Size from Numbers
You now know how many antelopes there are in this area, and how many cheetahs. Assuming that these numbers are representative of all the lands that might potentially go into the park, you can now estimate how much land you would need to support 100 cheetahs. You will first need to figure out the number of antelopes needed per cheetah. Then you'll need to calculate how much area it takes to fit that many antelopes.

1. Calculate the number of antelopes needed to support each cheetah by dividing the number of antelopes by the number of cheetahs.

2. From the numbers in Part 2 and step 1 of this exercise, make an estimate of the total size of park needed to support 100 cheetahs.

Part 4: Estimates Using Energy
Instead of using the numbers of antelopes and cheetahs to estimate park size, you can use the total energy stored by each species. The energy of grass is the number of calories it contains. This represents the amount of food available for the antelopes. Similarly, the total energy of the antelopes is the number of calories stored by all the antelopes in the population, and the total energy of the cheetahs is the calories of all the cheetahs.

Why might you use energy instead of numbers? There are a number of reasons. For instance, different parts of a park often have slightly different environments, so the grass can grow faster in one area than another. This means the total amount of grass energy over a season will be higher in the better areas. If you use energy levels to make your estimates, you can take this into account. On the other hand, measuring energy levels takes more time than counting, so there are drawbacks as well. In the next few steps, you will sample the amount of grass in several squares and use this to estimate the total grass energy in this stretch of savannah. In your final report, you will present your park size estimate from both techniques and present your arguments for which you feel is better.

1. Pick a row random row in the savannah by closing your eyes and moving your mouse pointer around slightly.

2. Start at the first grass square in this row that doesn't have an antelope on top of it. Click on that square of grass and hold the mouse button down. In the window that appears, find the Energy in that square of grass and write this down.

3. Keep moving across the row until you have measured the energy in at least 5 squares of grass.

4. Calculate the average energy for a square of grass in this Savannah.

5. Multiply this by the total area of savannah to find the total amount of grass energy in the savannah.

Part 5: Energy of Antelopes and Cheetahs
1. Go back to the beginning of your row and click on the first antelope you come to. As with the grass, each antelope has an Energy value. You can think of this as the equivalent of weighing the antelope, since the "energy" is stored as muscle and fat. Write down how much energy this antelope has.

2. Measure the Energy level of the first 10 antelopes you come to in that row and average together the values.

3. Using the total number of antelopes you estimated in Part 2 and the average energy level of each antelope you estimated here, figure out the total energy of antelopes in this stretch of savannah.

4. Now figure out the average and total energy levels of cheetah's using the same steps as for antelopes.

5. What percentage of all the energy in the savannah is grass? What percentage is antelope? What percentage is cheetah?

Part 6: Estimating Park Size from Energy
You can now use the energy to estimate how big a park you will need. To do this, you have to figure out how much grass energy is needed to support a single cheetah. You'll do this in two steps, first finding how much grass energy is needed to support an antelope, then how much antelope energy is needed to support a cheetah. By multiplying these numbers together, you can calculate how much grass energy is needed to support a unit of cheetah, and by extension, how much is needed for 100 cheetahs.

1. From your estimate of the total energy of grass in this area of savannah (Part 4) and the total energy of antelopes in the savannah, estimate the amount of grass energy needed to make one energy unit of antelope. 

2. From the total energy of the antelopes and the cheetah's, estimate how much antelope energy is needed per unit energy of cheetah.

3. Multiply the grass energy per unit antelope (Step 1) times the antelope energy per unit cheetah (Step 2) to get the amount of grass energy needed per unit cheetah.

4. A cheetah is made up of more than one unit of energy. To get the grass energy needed to sustain a single cheetah, multiply the number from Step 3 times the average energy contained in a cheetah from Part 5.

5. How much grass energy would be needed to support 100 cheetahs, based on the calculation above?

6. Assuming that the grass grew just as well across the whole area of park, how big a park would be needed to grow that much grass?

Part 7: Report to Headquarters

1. Compare your estimate based on population numbers to your estimate based on energy. Were they the same or different? If different, which estimate would you use and why?

2. Based on your results, write a short report on the size of park that they should consider setting up for cheetahs. Your report should give a size or range of sizes, and justify why you picked these sizes. You should state which method you picked to come up with your sizes and why you chose this method. You might also want to name some other factors that could be important in determining how many cheetahs could be supported, and say whether you think it would be wise to base the decision solely on the calculations you made above. Describe any other considerations that should be taken.

