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In recent years, many areas in the United States have been overrun by unusually large populations of deer. This affects farmers, whose crops are eaten by the deer; homeowners, whose gardens and landscaping are being destroyed; and drivers who are injured in accidents with deer (and pay higher insurance premiums as well). 

Much of the increase in the deer population is the result of the elimination of most of the deer's natural predators from the ecosystem. These species—mountain lions, grizzly bears, and wolves—were seen as a threat to livestock, but they also served to control deer populations. 

Now, some species are being reintroduced into ecosystems from which they had been totally eliminated. One highly publicized effort is the reintroduction of wolves into Yellowstone National Park. The gradual recovery of bears and coyotes in other areas has also begun to curb deer populations. Scientists are watching these ecosystems closely to monitor the effects of predators on wildlife and livestock. 

Exploring Disease in a Single Species

1. You will begin this activity by examining the food chain of a stable ecosystem. You will then explore the effects that disease and sudden variations in population can have on the ecosystem. 

2. In the Gizmo™, look at the food chain represented by the pyramid. A species in this food chain eats the species just below it, and is eaten by the species just above it. 

a. In this food chain, what do snakes eat? 

b. What eats the snakes? 

c. What do rabbits eat? (Note: In this simplified model, the hawks do not eat rabbits.) 

d. Living things that eat other living things for food are called consumers. What are the consumers in this food chain? 

e. Notice that there is nothing below the grass on the food chain. How does grass "eat"? 

f. Living things that produce their own food are called primary producers. What is the primary producer in this food chain? 

3. Click Play (
a. Watch the populations of each species, given by the boxed numbers in the SIMULATION pane. Which population fluctuates the most over time? In this simulation, do any of the populations show a long-term change? Explain. 

b. Click Pause ([image: image1.png]


) and then select the TABLE tab. The TABLE shows a running tally of the populations of each of the four species. Scroll through the table. Do the numbers in the table support your answer to the previous question?

c.  Explain. 

d. When the populations do not show major changes over time, they are said to be in equilibrium. Are these populations in equilibrium? 

e. If so, what is the "ideal" population of each species? 

4. Click Reset ([image: image2.png]


). In the SIMULATION pane, under Rabbit, select Diseased. This will introduce a disease into the rabbit population. With the TABLE pane visible, click Play. When the time is approximately 5 units, Pause the simulation and examine the data in the TABLE pane. 

a. What happens to the population of rabbits over time? 

b. Which populations increase? 

c. Do those species lie above or below the rabbits in the food chain? 

d. Which populations decrease?

e.  Where do those species lie relative to rabbits in the food chain? 

f. Select the GRAPH tab to display a graph showing by what percentage each population has changed from its ideal level in this food chain. If necessary, use the + or - zoom tools to the right of the graph to see more or less of the graph. In this graph, a value of 100% means that a species is at its ideal population level. 

g. Which species were hurt by the disease in the rabbit population? What species was helped the most? 

h. Did the disease in the ecosystem cause a permanent or temporary change in the populations of these four species? 

i. Explain how you can tell, 

j. then click Play and watch to see if you were right. 

k. After a long period of time, did the populations return to an equilibrium?

l.  Are these equilibrium populations the same as they were with a healthy rabbit population? 

5. Click Reset. In the SIMULATION pane, under Hawk, select Diseased to introduce a disease into the population of hawks. Before starting the simulation, make a hypothesis. 

a. What effect do you expect a diseased hawk population to have on the population of snakes?
b.  How will that affect the rabbits and grass? 

c. Click Play and observe for about 4 units of time before clicking Pause. What happened to the population of snakes in this time period? Is this what you expected? 

d. What happened to the population of rabbits? 
e. What might explain this change? 

f. Based on the current population of rabbits, how do you think the snakes will be affected in the near future? 

g. What happened to the population of grass? 
h. Why do you think this happened? 

6. Click Play, and observe for an additional 8 units of time (12 total). 

a. Did the populations reach a new equlibrium? 
b. How do you know? 

c. What were the populations of each species at the end of 12 time units? 

7. Click Reset, and select Diseased in the Snake dropdown menu. 

a. Before you begin the simulation, write down what you think will happen to the populations of snakes, hawks, rabbits, and grass over time. 


b. Click Play, observe for about 4 units of time, and then click Pause. Describe the effect of diseased snakes on each other organism. 

c. Were the results what you predicted? 

d. In some circumstances, negative feedback can develop in an ecosystem, with devastating effects. For example, if the population of organism "A" grows too high, it can eat too much of its food source, which in turn causes the population of organism "A" to collapse, as well as the other animals that depend on "A" for food. 
e. How does negative feedback affect this situation? 

f. Click Play, observe until about 30 units of time have passed, and click Pause. Click the - zoom tool to the right of the graph until the whole graph is in view. 
g. What are the populations of each organism now? 
h. What do you think will happen next? 

i. Click Play, and observe. Was your prediction correct? 
j. How can you explain what happened next, between 30 and 40 units of time? 

k. The simulation is controlled by a mathematical model of how ecosystems work. Do you think the simulation is realistic in this case? Explain why or why not. 

8. Make a hypothesis about what would happen to the populations of the four species if the grass were diseased.
9.  Sketch a graph to illustrate your hypothesis, and use the Gizmo to check your answer. 

10. Were you correct? 

The Effects of Changes in Initial Population

In this activity, you will explore how a change in the size of the population of a single species affects the populations of the other species in the ecosystem. 

1. Click Reset. In the SIMULATION pane, under Snake, click + to add snakes until the population of snakes reaches about 400. Select the GRAPH tab, and click Play. When the elapsed time is about 16 units, click Pause. In the GRAPH pane, look at how the populations changed over the time interval. 

a. With the extra snakes, how did the hawk population change at first? 
b. How did the rabbit population change at first? 
c. What might explain these changes in population? 

d. How did the population of snakes change over the 16 time units? 
e. Explain why you think that occurred. 

f. Did the larger-than-normal initial number of snakes in the ecosystem cause a permanent or temporary change in the populations of these four species? 
g. Explain how you can tell. 

h. If you start with 40 snakes instead of 400 snakes, what do you think will happen to the populations of the four species over time? 
i. Make a hypothesis and then click Play to check your answer. 
j. Were you correct? 

2. Click Reset. Under Rabbit, click + to add rabbits until the rabbit population reaches about 4,000. Click Play. Pause the simulation after about 8 time units. 

a. Over the first few time units of the experiment, which populations are increasing? 
b. Which are decreasing?
c.  Explain why, with the food chain in mind. 

d. Describe the populations after about two time units. 
e. Is each population above or below its ideal? 
f. Is each increasing or decreasing? 
g. Offer an explanation for these observations. 

h. After 8 time units, how does the population of each species compare with its ideal number?
i.  Do you think that this food chain will return to its initial ideal state? 
j. Why or why not?
k.  Click Play and observe to check your answer. 

