Population Growth Simulation

Purpose

· To demonstrate exponential and logistic population growth.

· To understand how the growth rate and carrying capacity influences the shapes of these population growth curves

· To learn how to use Microsoft Word and to copy and paste Internet images into Word documents.

Procedure
1. Create a blank Microsoft Word document and save it to the desktop of you computer.  Be sure the file name you use includes a way to identify you as the author and which lab assignment it corresponds to.

2. At the top of the blank page provide a descriptive title for the assignment (centered) and enter your name beneath this title (also centered).  Save this document again.

3. Navigate to the following URL using the Safari Internet browser:

http://www.otherwise.com/population/index.html

4. Read the information presented on this webpage.

5. Click on the “Exponential Growth” link to access the exponential growth simulation.

6. Read the instructions under the heading “Exponential Growth” before clicking on the button “Run applet”.  Clicking on this button opens a new window containing the simulation.  Be patient.  It may take a while before the “Run applet” button appears on the page.
7. Carry out the two experiments described below:

Exponential Growth Experiment 1:

· In this experiment and those following you should leave the applet in the Graph view to help interpret the results.

· Click Reset All to clear any past data. Now do a series of simulations using birth rates of 1.0, 1.2, 1.4, 1.6, 1.8, and 2.0. Step or Run the population for 30 to 40 generations, or until the graph goes off the top of the window. Be sure to click the Reset button between each simulation in order to start over but leave the past results in place. Do this now.

· As you can see, with an average birth rate of 1.0, the population didn't grow at all. It remained 2 the whole time.  This is because each individual is just replacing itself the next generation.

· With a birth rate of 1.2 the population grows very slowly at first and then starts to increase more quickly as it gets larger.  This is a fundamental feature of exponential growth. The larger the population the more it appears to grow each generation.

· The higher birth rates show the population increasing in size even faster. It is surprising how much difference a small change in the birth rate can make.
· You can click “alt + prtsc” to copy and then go your word document and select “edit > paste” to paste the graph into your Microsoft Word document.  Writing under this graph, give this graph a figure number and a descriptive title.  Save your document again.
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Figure 1. Comparing birth rates and population size increase over 40 generations

Exponential Growth Experiment 2:

· Click Reset All to clear any past data. Set the average birth rate to be 1.5 and Step the population through 15 generations. Now without clicking either reset button change the birth rate to 0.8. This change means that each individual is now only producing (on average) 0.8 individuals in the next generation. You would expect the population size to decline. Step through 20 or 30 more generations and observe the results.

· Initially the population declines quickly and then the curve flattens out as the population becomes small. This is similar to when the population was growing -- the most dramatic change occurs when the population is large. If you step the population out far enough the population number will go to zero and the population will become extinct.
· Using Grab, copy and paste this graph into your Microsoft Word document.  Writing under this graph, give this graph a figure number and a descriptive title.  Save your document again.
8. After conducting these experiments, answer the following questions by typing your answers into your Word Document (be sure to save your document often!):

a. What is the general shape of the growth curve when the growth rate is greater than 1?

b. How does changing the increasing the growth rate affect the shape of the growth curve?

c. What happens when the growth rate is less than 1?
9. Now click the link at the top of the page titled “Logistic Growth” and read the introductory information on this page before clicking the “Run applet” button and carrying out experiments 1-4.
Logistic Growth Experiment 1:

· In this experiment and those following you should leave the applet in the Graph view to help interpret the results.

· Click Reset All to clear any past data. Make sure the birth rate is set to 1.5. Now do a series of simulations using carrying capacities of 200, 400, 600, 800, and 1000. Step or Run the population for about 30 generations with each value of carrying capacity. Be sure to click the Reset button between each simulation in order to start over but leave the past results in place. Do this now.

· Notice that all the curves look similar for the first 10 or 12 generations. It is not until the population begins to near its carrying capacity that the curve deviates from and exponential growth curve.
· Using Grab, copy and paste this graph into your Microsoft Word document.  Writing under this graph, give this graph a figure number and a descriptive title.  Save your document again.
Logistic Growth Experiment 2:

· Click Reset All to clear any past data. Reset the carrying capacity to 1000. Now do a series of simulations using birth rates of 1.2, 1.4, 1.6, 1.8, and 2.0. Step or Run the population for about 30 to 40 generations with each value of birth rate. Be sure to click the Reset button between each simulation in order to start over but leave the past results in place. Do this now.

· Changing the birth rate affects how quickly the population reaches its carrying capacity but has no effect on to final population size achieved.
· Using Grab, copy and paste this graph into your Microsoft Word document.  Writing under this graph, give this graph a figure number and a descriptive title.  Save your document again.
Logistic Growth Experiment 3:

· Click Reset All to clear any past data. Make sure the carrying capacity is set to 1000. Set the birth rate to 3.0 and Step or Run the population for 40 generations.

· Here we see something new! The population appears to be oscillating around the carrying capacity. What's going on? With birth rates greater than 2.0 the population will overshoot the carrying capacity and have more offspring than the environment can support. The following generation, because of this overcrowding, the effective birth rate will be much less than 1.0 and the population will decline below the carrying capacity. Then it will overshoot again and the cycle will be repeated. You will notice that with time the overshoots get less and less and the population still appears to converge on its carrying capacity.
· Using Grab, copy and paste this graph into your Microsoft Word document.  Writing under this graph, give this graph a figure number and a descriptive title.  Save your document again.
Logistic Growth Experiment 4:

· There is a wide range of interesting behaviors this simple model can show. For birth rates greater than 3.0 the population will appear to oscillate between two or more points. Unlike the situation at 3.0 and below, the population will never converge to one stable population size. Experiment with different birth rates greater than 3.0 and see what happens
· Using Grab, copy and paste this graph into your Microsoft Word document.  Writing under this graph, give this graph a figure number and a descriptive title.  Save your document again.
10. Answer the following questions, entering your answers into your Word document:

a. What does incorporating the carrying capacity into the model do to the shape of the population growth curve?

b. How does change the value of the carrying capacity affect the shape of the growth curve?

c. Given a constant carrying capacity, how does changing the growth rate affect the shape of the growth curve?

d. Why does the growth curve oscillate with high growth rates?
11. After answering the questions, save and print your document for submission.
