Rabbit Population by Season

Introduction

This simulation seeks to demonstrate to students the concept of carrying capacity as well as the effect of limiting factors on population dynamics. In this activity they will also be given the opportunity to analyze and interpret graphs of population dynamics. This simulation deals with the population of rabbits in a given area over the course of many seasons. It offers a season to season comparison of population size, and has several limiting factors that can be altered which provides the students the opportunity to observe the resulting effect on population size. Students will run the simulation and they will be given a set of instructions of limiting factors to alter and will be asked questions on the results accordingly. After many possible outcomes are reached, the students will address a series of questions to consolidate what they have learned.

Justification

The topic of population dynamics is not an easy subject to demonstrate because of the time element involved. Measurement of population dynamics, in many cases, takes generations of a given species. With this simulation, a student can observe the change in the rabbit population over the course of several years in a matter of minutes. There are several key qualities which justify the use of this simulation. First of all, this simulation is authentic because it simulates reality well. Also, this simulation is active in the sense that students can manipulate the factors affecting the population and observe the outcome. Another good quality is that it is intentional, meaning that it succeeds in explaining what it is meant to explain. Yet another good quality is that it is cooperative. Students can work together to predict and observe what will happen each time a limiting factor is altered. Lastly, this simulation is constructive in the sense that it promotes incremental learning. It starts students off by observing the population rate under normal conditions. Then students can add different limiting factors to see how it affects the population. Students can go one step further by adding combinations of limiting factors to see the results. It also builds upon other concepts such as carrying capacity, density-dependent and density-independent limiting factors, as well as being able to interpret and construct graphs of population dynamics.

Curriculum Applications

This simulation is applicable to the course content in “Senior 2, Cluster 1: Dynamics of Ecosystems” in the Manitoba Science Curriculum. The simulation relates to the following specific learning outcomes:

S2-1-04
Describe the carrying capacity of an ecosystem.

S2-1-05
Investigate and discuss various limiting factors that influence population dynamics. (Include: density-dependent and density-independent factors)

S2-1-06
Construct and interpret graphs of population dynamics.

Rabbit Population by Season

Introduction

Ecosystems have many qualities which make them worthy of study. Two such qualities are the carrying capacity of a population of organisms, and limiting factors which affect the population number of the organisms. Before we analyze these qualities, let us clearly define them.

Carrying capacity is the maximum number of organisms an ecosystem can support. This is determined by how much food, water, and habitat (space) is available. The more there is, the higher the carrying capacity of a given ecosystem. In this simulation we will be concentrating on how habitat affects carrying capacity.

Limiting factors influence population dynamics. Population dynamics is the study of short and long term changes in a population. In this simulation we will be focusing on the change in population size. There are two types of limiting factors. Firstly, there is density-dependent limiting factors which only affect a population when it reaches a certain size. Secondly, there is density-independent limiting factors which can affect a population no matter what size it is.

In this simulation, we will be observing the population dynamics of an ecosystem containing rabbits. You will alter the size of the habitat and create different weather conditions to see how the ecosystem reacts.

Curriculum Objectives

Once you have completed this assignment, you will be able to do a number of things. First of all, you will be able to describe the carrying capacity of an ecosystem and how it is related to habitat. Secondly, you will be able to identify different limiting factors that influence population dynamics. You will also be able to categorize limiting factors as either density-dependent, or density-independent. Finally, you will be able to interpret and construct graphs of population dynamics and draw conclusions from them.

Procedures

Open your internet browser and go to the following web address: 

http://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog

Go to Grade 9-12, click on Biology.
Click on Ecology and interdependence.

Go to Rabbit Population by Season, click on Launch Gizmo.
Before we begin, let’s start off by going over the different aspects of the simulation. First of all, in the top left corner is the animation which shows you the ecosystem which you will be observing. In the lower left hand corner are two sets of controls which are the land available and the weather conditions of the season. You can alter the land available by selecting Little, Moderate, or Ample.  You can also alter the weather conditions by clicking one, two, or three of Harsh Winter, Cold Spring, and Hot Summer. In the bottom right corner are the controls which control the simulation. You can select Play, Pause, or Reset. Below that is the clock which shows the time elapsed over the course of a year from spring to winter. Finally, in the top right corner are 4 tabs which you can select. Description allows the option to control the speed at which the simulation runs. The Table shows the numerical values of the number of rabbits alive at different points of the year. The Bar Chart shows the current number of rabbits which are alive. The Graph shows the number of rabbits alive plotted against the time elapsed in years. Along the right side of the graph are controls to zoom in and out of the entire graph, or just the horizontal or vertical axis’s.

Now that we are familiar with the features of the simulation we are ready to begin!

The simulation should automatically be set to Ample land available and no adverse weather conditions should be selected. Start off by pressing play so we can observe how the ecosystem will run under normal conditions. Let the simulation run for 5 years and then pause it (you may want to select the simulation speed to fast). Observe the graph of the population dynamics of the rabbits.

How does the population of rabbits change from season to season?

_______________________________________________________________________________________________________________________________________________________________________________________

How does the population of rabbits change from year to year?

_______________________________________________________________________________________________________________________________________________________________________________________

What is the approximate carrying capacity of this ecosystem? ___________

Now let’s observe what will happen if the land which is available to the rabbits is reduced. Reset the simulation and then change the land available to Little. Play the simulation and pause it after 5 years.

How has the population of the rabbits changed now that there is little land available?

_______________________________________________________________________________________________________________________________________________________________________________________

What is the approximate carrying capacity of this ecosystem?___________

What limiting factor(s) do you think could have contributed to this decline in land availability?

_______________________________________________________________________________________________________________________________________________________________________________________

Is this limiting factor density-dependent or density-independent? Why?

_______________________________________________________________________________________________________________________________________________________________________________________

Now let’s observe what will happen if the ecosystem has a series of harsh winters. Reset the simulation and click on Harsh winter. Change the land available to moderate. Play the simulation and pause it after 5 years.

How has the addition of these harsh winters affected the population of rabbits?

_______________________________________________________________________________________________________________________________________________________________________________________

Are these harsh winters an example of a density-dependent limiting factor or a density-independent limiting factor?____________________________

This time do not reset the simulation, unclick Harsh Winter and click Cold Spring. Press play to run the simulation and pause it after 5 years. Unclick Cold Spring and click Hot Summer. Press play and run it for another 5 years and then pause it once again. Observe the graph of the results and zoom out so you can see all 15 years the population has been living.

What changes in the population dynamics over time do you notice in response to the changes in weather conditions?

_______________________________________________________________________________________________________________________________________________________________________________________

Has the carrying capacity of the ecosystem changed at any point with the addition of these weather conditions? Explain why.

_______________________________________________________________________________________________________________________________________________________________________________________

Now it is your turn to choose how the ecosystem is altered. Change the land availability and alter the weather conditions to figure out the lowest population size possible. In other words, what combination of limiting factors would be the most hazardous to the rabbits population size? Once you have established the most hazardous combination, plot the data of a 5 year simulation in a graph in the space provided on the next page. Plot the number of organisms alive on the y axis, and the time elapsed in years on the x axis. Remember to label all axis’ and use a ruler to draw all lines. Also include an appropriate title for the graph.

Your graph:

How much land was available to the rabbits?_________________________

Which weather conditions did the rabbits have to encounter?

_____________________________________________________________

Why was this combination so hazardous to the population dynamics of the rabbits?

_______________________________________________________________________________________________________________________________________________________________________________________

Summary

We have covered several key concepts in this assignment. First of all, we have covered the carrying capacity of an ecosystem and different factors which can alter it. We have also addressed the concept of limiting factors and their affect on the population dynamics of an ecosystem. Even further we have classified these limiting factors into two categories which are density-dependent and density-independent. Lastly, we have spent time interpreting graphs of population dynamics, and used the knowledge gained to construct our own graphs of population dynamics from data we collected. You should now have a better understanding of how ecosystems are fragile and easily manipulated by many different factors both natural, and man-made.

Follow-up Questions

1) How does habitat affect the carrying capacity of an ecosystem?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2) List three actions humans could take which could increase the carrying capacity of ecosystems like the one we observed today.

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3) How do limiting factors affect ecosystems?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4) List 3 possible limiting factors (different than the ones we examined today) that could influence the population dynamics of an ecosystem. State whether each one is density-dependent or density-independent.

_________________________________________________________________________________________________________________________________________________________________________________

5) List 3 reasons why graphs are effective tools in displaying population dynamics.

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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