Simulation Exercise: Food Chain Frenzy

Introductory Overview

This simulation allows students to visually see changes in trophic level structure at a basic level.  This exercise can be used with little background knowledge about trophic levels and population changes.  There are four different populations including grass, rabbits, snakes, and hawks.  Populations can be modified to increase or decrease and in addition, disease can be introduced into each of the populations.  The results can be plotted on a table, bar chart, or graph.  

Management of Exercise

This exercise requires a computer lab using the internet-based program ExploreLearning.  Students should be in groups of two or three so that they can share ideas about what is going on in the simulation.  

Why choose this assignment?

This assignment has many advantages to the instruction of this course content.  The advantages are concurrent with Jonassen et al. 1999.  However, there are some limitations as well.


Advantages:

· Active – manipulative/observant

· Constructive – requires development of ideas

· Cooperative – an engaging exercise for a group

· Authentic – has parallels to reality

· Intentional – meets curriculum objectives


Limitations:

· Assumes populations that become zero can recover after disease etc.

· Does not include additional environmental factors that affect populations

· Students must understand where grass gets energy from

· Does not consider biodiversity in an ecosystem

Curriculum Objectives

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

· S2-1-05 Investigate and discuss various limiting factors that influence population dynamics.

· S2-1-06 Construct and interpret graphs of population dynamics.
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FOOD CHAIN FRENZY

Introduction

An ecosystem contains a vast array of plant and animal life acting on one another to maintain a stable environment.  There are primary producers, primary consumers, secondary consumers, tertiary consumers, and so on, representing different trophic levels.  A food chain, or pyramid, is an easy way to see how food energy is passed from level to level.  In addition, it can be used to show what happens to a population if numbers of organisms in a certain level are changed or if a disease is entered into a population.

After having completed this exercise, you should be able to:

· Identify the trophic levels of a food pyramid

· Draw and explain different graphs of population dynamics

· Explain the carrying capacity and the implications of changing this

·  Explain the major pressure facing the population dynamics of an ecosystem today

In groups of two or three, log on to the Internet and type the address www.explorelearning.com.  

Login with your username and password.

Scroll down to Science Gizmos (high school), and click to launch the Food Chain Gizmo.  Read the description under “Gizmo Status” to get you started.

Now, look at the food pyramid on the left with grass, rabbits, snakes and hawks as the levels represented.

Sketch the pyramid, write in the population name, and indicate which level each group belongs to (ie: primary producers, consumers, etc.).

Each of the levels is healthy.  What do you think is going to happen to the populations if you start the simulation? Press play.  To help visualize this, click ‘graph’ on the right-hand side.

1.  Did you expect that to happen?  Why or why not?





Reset the simulation.

2.  If you introduce a disease into a population (try rabbit first), is this going to affect the other populations?  Try this.




3.  Below, draw a graph after about 4 weeks have elapsed, including all four of the trophic levels.  Describe what happened.  Which population increased, which decreased and which died off first, second, third?





Reset the simulation again.

4.  Now, introduce a disease into the snake population.

Plot this graph and explain.  Why did the rabbit population increase?  If you continue the simulation, does the rabbit population continue to grow or does it level off?  Why?






You might have noticed at this point that putting “pressure” on one population of the pyramid will have a negative effect on all populations above it.  Think of the game Jenga.  If a block from the middle cannot support the ones above it, they will fall.  In the same way, if you put a “pressure” on a population on the top, it has much less of an impact on the populations below it and they will try to adjust to the new circumstances.

5.  Try this.  Introduce a disease into the hawk population.  What increases, what decreases?  Plot this graph.





Did you expect the snake population to rise?

6.  If you follow the simulation further, all the populations level off, or reach equilibrium.  Can you explain why this happens?  





7.  Finally, introduce a disease into the grass population.  Think about Jenga again.  What is going to happen?  Describe briefly what happened.

 




Play around a bit with the different settings.  Start adding or removing from a population.

8.  On a separate sheet of paper, write down three different scenarios.

In each case, predict what will happen.  Plot each graph using the bar chart or graph (try at least one of each) after about one month.  Provide a brief explanation of each one.

Discussion

You should now have a good understanding of population dynamics within an ecosystem.  The trophic levels, represented by grass (primary producers), rabbits (primary consumers), snakes (secondary consumers), and hawks (tertiary consumers) balance each other to maintain a stable ecosystem environment.  The hawks get their energy from eating the snakes, which get their energy from eating the rabbits, which in turn get their energy from eating the grass.  The grass gets its energy through photosynthesis.  When you introduced a disease into a population, this balance was upset and this had a direct impact on populations above it at a higher trophic level.

For example, if you introduce a disease into the snake population, they start to die off.  This means that there are not enough snakes for the hawks to eat, so they die too.  Now, this is good news for the rabbits.  They no longer have snakes trying to eat them, so they are free to feed on as much grass, as they like.  That causes a problem too because there is still only so much grass to go around.  Therefore, the population of rabbits has to level off, or find a new balance with the grass to make the ecosystem stable again.

This means that as long as the grass can support the rabbits, the rabbits will continue to grow.  As soon as the grass can no longer support the rabbits, they will stop growing and both will reach the new balance.  This is called the carrying capacity, or the maximum size a population can reach with the resources that are available to it.

This idea applies to all levels.  When you introduce a disease into the rabbit population, there are no longer enough rabbits for the snakes to eat, so they die, resulting in a decline in the hawk population as well.  In this case, you would only have grass left.  Grass has growth limitations as well.  We will discuss some of the limitations at the primary trophic level in another class. 

Do not forget that adding numbers within a population changes the dynamics too.  Adding a ton of rabbits increases the snake population, which in turn increases the hawk population.  However, too many rabbits will eat an excessive amount of grass.  After about 10 weeks, the system reaches an equilibrium (carrying capacity) once more because everything depends on that bottom level of the pyramid.  Once the grass starts dying, what happens to the rabbits?  Their population will also plummet, along with the other levels.

You probably get the picture, so let us see if we can go further.

9.  Create your own food chain pyramid in an ecosystem of your choice (ie: desert, rainforest, etc.).  What are the different trophic levels in your pyramid?





10.  Construct a graph to roughly show what would happen if you eliminated your tertiary consumers.

11.  Many pressures can act on an ecosystem to change it.  What do you think is the main pressure facing ecosystems today?  List at least two or three ways in which this pressure affects the population dynamics of an ecosystem.






Critical Thinking

12.  Humans are always at the top of their food chain.  What does this tell you about how much control we actually have over our environment?






13.  Given your response to the previous question, how important is it for us as human beings to take a more active role in maintaining and preserving our global ecosystem?



Summary

During this lesson, we have explored the fundamentals of how food chains work, and how they are affected by different situations.  

We must remember that grass is our primary producer.  The first to feed on the grass is called the primary consumers, or in this case, the rabbits.  The snakes that feed on the rabbits are the secondary consumers and finally, the hawks are the tertiary consumers.  

The energy (food energy) begins from the bottom of the pyramid.  Each level above this relies on the lower levels for survival.  We have seen many examples of this during the simulation exercise.

The critical point at which the population numbers are in equilibrium with each other is called the carrying capacity.  In other words, each level is able to maintain a stable population size, relative to the resources that are available. 

We must also consider environmental pressures, or limitations, that may also affect these populations.  For example, extreme weather in the winter may limit population survival, or chemicals released in our environment by humans, or loss of habitat for animals. 

Us, as humans, play a crucial role in the balance of our ecosystems.  We have the technology available to us to wipe out an entire ecosystem.  It is very important that we consider how our activities, including harvesting trees, building huge malls and use of harsh chemicals may damage the delicate balance of our ecosystem.
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