AP Biology Lab 11

Population Ecology

Isle Royale

Background
Isle Royale is an island sitting about 15 miles from the northern shore of Lake Superior, one of the Great Lakes on the border of Canada and the U.S. Lake Superior is the largest freshwater lake in the world, stretching 160 miles from north to south and well over 300 miles from east to west. That's a long way to swim, and not many large animals have made it from the shores of Lake Superior to Isle Royale. About 100 years ago, however, a few moose found their way across from mainland Canada to the island, probably walking most of the way across surface ice during an especially cold winter. The moose found a veritable paradise, with lots of grass, bushes, and low-lying trees to eat and no predators. Their population exploded, reaching several thousand individuals at its peak.

In 1949, the area around Lake Superior had another cold winter and large parts of the lake's surface froze solid. A small pack of wolves found a tongue of ice that extended all the way to Isle Royale. There they found a population of moose that had grown so large they had eaten almost all the available food, and many of the moose were severely undernourished. These starving moose were easy prey for the wolves.

The wolves and moose on Isle Royale became a kind of natural experiment for studying predator-prey dynamics, that is, the ways in which populations of predators and their prey influence each other. Several biologists have spent their careers studying the predator-prey dynamics on Isle Royale, tracking the moose and wolves, making notes on how many are born each year and how many die, what the causes of death are, how much food is available for the moose, and so on. Using these data, they try to understand what causes the moose and wolf populations to grow and shrink over time.

In this lab, you'll explore a classic example of predator-prey dynamics using a model of the Isle Royale system. Even though the model only captures a small amount of the complexity of the system, the ideas presented still form an important part of the basis for how ecologists think about communities. An important point to note about the model is that all moose and all wolves function as middle-aged adults; there are no babies (when a moose or wolf is born, it instantly grows up), no old individuals, and also no sick individuals. You'll also see the wolves hunting alone, whereas real wolves tend to hunt in packs. These simplifications makes the patterns easier to see but don't change the fundamental relationship between the wolves and moose.

Key Terms

Carrying Capacity

Food Chain

Food Web
Population Dynamics

Predator


Prey
More information on topics related to this laboratory

The biology of wolves

The biology of moose
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 main panel in the top left shows a bird's-eye view of Isle Royale. The plants that the moose graze on will show up in green, the moose themselves will be brown, and the wolves, when they are added, will be blue. Another panel displays a line graph that will show the population sizes of the moose and wolves over time. The last two panels are discussed below when you use them.

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

You will see the plants start growing in patches around the island, slowly filling up all the land with green. After 20 years, the first moose will come across from the mainland and start grazing.

3. Wait until the population of moose seems to have stabilized and then stop the model by clicking on the Stop button in the Control Panel (the red stop sign button).

Exercise Two: Carrying Capacity

Your first goal is to figure out the carrying capacity of the island for moose. For a moose to live, it needs to eat a certain amount of food. The plants on the island only grow so fast, and this new plant matter every year is only enough to support a certain number of moose. That number of moose is called the carrying capacity for the moose. If there are more moose than the carrying capacity, there won't be enough food for them and some will starve.

1. With pencil and paper copy the Populations graph showing the moose population size over time. Be sure to label the x and y-axes. About how many years does it take for the population to stabilize? What size is it when it stabilizes? This size is the carrying capacity of the island for moose.

2. From this graph, answer the following question: There could be another really cold winter where the ice again covers a large area of Lake Superior and more moose can migrate from mainland Canada to the island. What do you think will happen to the population of moose on Isle Royale if some new moose immigrate to the island? Write down your guess at what will happen.

Now test your intuition about what will happen after an immigration event by adding in some more moose to the island as follows.

3. Find the Species panel, which lists all the different species in the model. Click on Moose so that it is highlighted.

4. In the Control Panel click on the Paint button  (the paint brush button).

5. Move your mouse somewhere in Isle Royale, hold down the mouse button, and draw out a small rectangle on the island. When you let go of the mouse button, the rectangle will be filled with new moose.

6. Click on the Get Info button in the Control Panel so you don't accidentally paint in more moose.

7. Run the model for a few more years and watch what happens to the population size of the moose. Did you predict right in step 2?

The initial dynamics of a population can be quite different than the dynamics over the long term. Take a look at what happened to the moose population in the first few years after they reached Isle Royale.

8. Scroll the graph back to the first year and look at the number of moose over the first few years. You'll notice that the moose population did not stop growing when they reached their carrying capacity. You may want to reset the model and run it again to see the initial period again (click on the Reset button in the Control Panel and then follow Exercise One). Why did this happen?

Exercise Three: The Predators Arrive

One cold winter several decades after the moose arrived, a small pack of wolves walked across the ice from Canada to reach Isle Royale. In the next steps, you'll add some wolves to the island and see how that changes the moose population.

1. To add a few wolves to Isle Royale, first click once on Wolves in the Species panel. Wolves should now be highlighted in the list of species.

2. Click on the Paint button in the Control Panel.

3. Click on two or three single squares in Isle Royale. In each square that you click on, a wolf will be added. Remember to switch back to the Get Info button after you are done adding wolves.

4. Start the model running again.

The wolf population size will now appear on the Populations graph along with the moose population size. Watch what happens to the wolf and moose populations both in Isle Royale and in the Populations graph. Then answer the following questions.

5. What is the carrying capacity of the wolves on the island?

6. How much do the wolves reduce the moose population?

7. You will have noticed that the populations of moose and wolves go through cycles. Describe these cycles. Does the moose or the wolf population climb first in each cycle? Which population drops first in each cycle? Explain why you might see this pattern.

Exercise Four: Energy Levels

One of the things predators often do is go after young, old, and sick members of their prey species. This tends to weed out the weakest of the prey and leave behind the strongest prey. In the model you are using here, there are no sick, young, or old individuals per se, but each individual does have a certain level of energy (fat stores) based on how much food they've recently eaten. In the next few steps, you will measure this energy level to see how it changes with and without wolves.

1. Reset the model by clicking on the Reset button in the Control Panel (the circular arrow button).

2. Run the model for a while until the moose population stabilizes.

3. Stop the model.

4. Click on a moose and hold the mouse button down. A small information window will pop up, and one of the items in this window will be called Energy. Write down the energy level of that moose.

5. Pick two random rows on the island and measure the energy level of each moose in those rows. Write down these energy levels.

6. Calculate the average energy level of the moose.

7. Now add in a few wolves as you did in steps 2 and 3 in exercise two and wait for the population dynamics to settle into a rhythm as before.

8. Again, pick two random rows on the island and measure the energy level of each moose in those rows. Write down these energy levels.

9. Calculate the average energy level of the moose when wolves are present. Compare this to the average energy level without wolves. Is there a difference? If so, explain why you might see this difference.

Exercise Five: Producers and Consumers

So far in this lab, you have not been asked to pay much attention to the plants. But the moose and the plants are in a predator-prey situation similar to that between the wolves and the moose. From the perspective of one of the plants, the moose are vicious predators. The second predator-prey relationship, between the moose and the plants, can influence the first one, between the moose and the wolves. In the next few steps, you will try changing how quickly the plants grow back after being eaten to see what effect that has on the whole community of species.

1. Find the "Rate of plant growth" at the bottom of the screen. Double this rate of growth from its current value of 100 to 200 by clicking on the "100" and typing in "200." Then click the Set button.

2. Reset and run the model again.

Now answer the following questions:

3. Describe how the moose population changes when the growth rate of the plants doubles.

4. Add in wolves, and then describe how the wolf population and the dynamics of the wolf and moose populations change with higher growth rate of food.

5. Write down a prediction for what will happen to the moose and wolf populations if you triple the growth rate of the plants over what they were originally (to 300). Then repeat step 1 to triple the plants growth rate. Try resetting and running the model and see if your predictions were right. If not, write down a hypothesis to explain what you saw.

6. Describe and then try to explain what happened.

7. Write down predictions for what will happen to the moose and wolf populations if you make the plants grow at half or at one third of their original growth rates.

8. Describe and then try to explain what happened.

Exercise Six: Report Your Results

What you have just done is a scientific study. In fact, it's similar to some very famous scientific studies that have had a big effect on the field of ecology. As a final step in this lab, write up a short paper on what you found. 

Introduction

Introduces the problem and/or hypothesis that the scientist wants to address.

Methods

Tells what experiments the scientist did, and how they did it.

Results

The actual numbers that were measured and other observations or results that the scientist got. You may also want to do a t-test here to see whether things were significantly different with and without wolves.

Conclusions

What the scientist concludes from the study. This usually refers back to the questions posed in the introduction and tries to answer those questions based on what was reported in the Results section. Using your data above, write a short report on the wolves and moose on Isle Royale and how each affects the other's population dynamics.

Wrap-up

On Isle Royale, the story turns out to be more complicated than the one suggested here. Both the moose and the wolves do have population cycles on the island, and the wolf population appears to respond to the moose population as you saw in this lab. The moose, however, do especially badly when there are several harsh winters in a row. Thus, the moose populations seem to be driven by the weather as much as by the wolves. The wolves also have another factor affecting their population. For about 20 years, many of the wolves on the island were contracting a viral disease that sickened or killed a large proportion of their population. So, in the real world there are always many interacting factors that combine to determine what will happen to a population over time. But predators eating prey is one of the most important.
