Lesson Title: Invasion of the Earthworm
Discipline Focus: Build a forest ecosystem and make it work.
Grade level: 9-12
Length of lesson: Preparation time: 50 minutes Activity time: one or two 50 minute periods
	Stage 1 – Desired Results

	Content Standard(s):

Minnesota State Science Standards (2009): 
Grade 9-12: 
· Strand 1. The Nature of Science and Engineering – Substrand 3. Interactions Among Science, Technology, Engineering, Mathematics, and Society – Standard 1. Natural and designed systems are made up of components that act within a system and interact with other systems. – Code 9.1.3.1.1 – Benchmark: Describe a system, including specifications of boundaries and subsystems, relationships to other systems, and identification of inputs and expected outputs.

· Strand 1. The Nature of Science and Engineering – Substrand 3. Interactions Among Science, Technology, Engineering, Mathematics, and Society – Standard 1. Natural and designed systems are made up of components that act within a system and interact with other systems. – Code 9.1.3.1.3 – Benchmark: Describe how positive and/or negative feedback occur in systems.
· Strand 4. Life Science – Substrand 2. Interdepen-dence Among Living Systems – Standard 1. The interrelationship and interdependence of organisms generate dynamic biological communities in ecosystems. – Code 9.4.2.1.1 – Benchmark: Describe factors that affect the carrying capacity of an ecosystem and relate these to population growth.

· Strand 4. Life Science – Substrand 2. Interdepen-dence Among Living Systems – Standard 1. The interrelationship and interdependence of organisms generate dynamic biological communities in ecosystems. – Code 9.4.2.1.2 – Benchmark: Explain how ecosystems can change as a result of the introduction of one or more new species.

National Science Standards (1996):
National Science Standards 9-12: Life Science – Content Standard C

• As a result of their activities in grades 9-12, all students should develop understanding of:

- Interdependence of organisms

- Matter, energy, and organization in living systems

- Behavior of organism

Inquiry and the National Science Education Standards: A Guide for Teaching and Learning (2000)

Content Standard for Science as Inquiry: Fundamental Abilities Necessary to Do Scientific Inquiry

Grades 9-12:

• Identify questions and concepts that guide scientific investigations

• Design and conduct scientific investigations

• Recognize and analyze alternative explanations and models

• Communicate and defend a scientific argument

Content Standard for Science as Inquiry: Fundamental Understandings About Scientific Inquiry

Grades 9-12:


•  Scientists usually inquire about how physical, living, or designed systems function

• Scientists conduct investigations for a wide variety of reasons.

• Scientific explanations must adhere to criteria such as: a proposed explanation must be logically consistent; it must abide by the rules of evidence; it must be open to questions and possible modification; and it must be based on historical and current scientific knowledge

• Results of scientific inquiry — new knowledge and methods — emerge from different types of investigations and public communication among scientists.



	Understanding (s)/goals

Students will understand:
1) the effects of earthworms on a forest ecosystem. 

2) the movements of nutrients in that ecosystem.
3) changes that can occur with earthworm invasion.
4) the effects of humans being a transport vessel for earthworms.
5) the interrelationship of organisms and ecosystems.

6) the components of a forested ecosystem.

7) the human and animal components in a forested ecosystem (as shown below).
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8) the major inputs and outputs of the forested ecosystem.
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9) that the ecosystem can be a closed or open system. 
the flow of energy & nutrients from the trees and understory plants to the animals when they eat the leaves, twigs and buds of trees or graze on understory plants; and when the animal excrete waste products or die, energy & nutrients are returned to the forest floor component, etc.

	Essential Question(s):

1) What are the components of a forested ecosystem?

2) What is a native species?

3) What is an exotic/non-native species?

4) What is an invasive species?

5) How does earthworm invasion affect forest ecosystems (especially in native hardwood forests)?

6) What are the major inputs and outputs in a forested ecosystem?

7) Is their ecosystem model a closed or open system? 

8) How does the flow of nutrients and energy work in a forested ecosystem?

9) How did the earthworms get to Minnesota? What are human impacts that involve earthworms? (dumping earthworms into the lake, adding composting earthworms to compost that isn’t enclosed, etc.)
10) Explain the positive and/or negative feedbacks of an earthworm invasion.
11) How does the change in an ecosystem affect humans?


	Student objectives (outcomes):

Students will be able to:

• Understand the basic components of a forest ecosystem.

• Describe the movements of nutrients in that ecosystem.

• Identify changes that can occur with earthworm invasion.
• Identify that nutrients are the molecules that are needed to make plant & animal cells that together make the parts of plants and animals like leaves, muscle, etc. 
• Earthworms change nutrient cycling in the forest by increasing the rate at which litter disappears.  
• Earthworms can change the amount of total nutrients available in the ecosystem by increasing losses through leaching.

	Stage 2 – Assessment Evidence

	Performance Task(s):

In this game, the students will create a simple forest ecosystem model. Since there are no native earthworms in Minnesota our model doesn’t have any either. Once students play with this system and understand how nutrients flow in it, then we add earthworms. Students can see how the changes caused by earthworms (or any exotic species) can change the rules of the ecosystem game and therefore, the ecosystem itself.
	Other Evidence:
• Each student will describe where they went through the ecosystem game. 

• Students will be evaluated on their knowledge of their adventure through the ecosystem model. 

• Each student will fill out a diagram similar to this:
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Explaining the components in the “big ovals” and the nutrients in the “boxes”. 


	Stage 3 – Learning Plan

	Setting: A large room or playing field.

Materials: 

• 5 large sheets of paper 

• Invasion of the Earthworm instructions.

• Earthworm free and earthworm invaded tiles to be put onto boxes.

• copies of the “Forest Ecosystem Tables” and “Game Tiles” 

• markers, scissors & tape 

• 9 boxes, about 4-6 inches on each side. (Boxes are used to make dice for the game. Gift boxes for coffee mugs are a good size or ask at your local mailing outlet.) There will be 1 die (box) at each station. The labels for the sides of each die are listed in the “Forest Ecosystem Table”. These labels represent the options for pathways that nutrients and energy can following in the ecosystem. 

• a bell, whistle or some kind of sound maker (optional)
Learning Activities:

Warm-up 

Ask students to brainstorm and identify the different parts of a forested ecosystem and how nutrients and energy move through that system. Write their responses on the board.

Activity 

1. Tell students they are going to become a nutrient molecule moving through the forest ecosystem. They will start in an earthworm-free ecosystem and then change to a earthworm-invaded one to see how things change. 

2. Categorize the places a nutrient can move through into 5 stations: Trees, Understory Plants, Animals, Forest Floor and Soil. Write these names on a large piece of paper put them around the room or field (students may illustrate station labels). 

3. Assign an even number of students to each station. Have the students identify the different places their nutrient molecule can go from that station in the forest ecosystem. Discuss the conditions that cause or allow the nutrient to move. The fact that the Soil and Forest Floor are separate stations is confusing at first. Explain that when thinking about nutrient flow in an earthworm-free forest ecosystem that MOST of the nutrient is tied up in the organic material (leaves, twigs, wood, animals, etc.) very little is actually in the soil (which is mostly composed of weathered minerals). Explain that where they can move depends on the form of the nutrient. A nutrient can’t go directly from an animal to a tree because the roots can’t absorb animal tissue. The animal has to go to the forest floor and be broken down by bacteria and THEN can go to the trees. Sometimes the molecule won’t go anywhere. After students have come up with lists, have each group share their work. 

4. Give the students the appropriate die for each earthworm-free station. The students can check to see if they covered all the places the nutrient can go. The Forest Ecosystem Table gives an explanation of movements for each station. 

5. Students should discuss the form in which molecules move from one location to another. For the plants, everything must come from the forest floor because it needs to be in an absorbable form. But animals can take from plants directly by eating them. Most of the movement will flow through the Forest Floor compartment because that’s where nutrient transformations occur. 

6. Tell students they will be demonstrating nutrients movement from one location to another. In this game, a roll of the die determines where the nutrient molecule will go. Students line up behind the die at their station. Students roll the die and go to the location indicated by the label facing up. If they roll STAY, they move to the back of the line. When students arrive at the next station, they get in line. When they reach the front of the line, they roll the die and move to the next station (or STAY). 

7. Students should keep track of their movements. This can be done by having them keep a journal or a notepad to record each move they make, including STAYS. Another approach has half of the class playing the game and the other half watches. Onlookers can be assigned to track movements of their classmates. In the next round the onlookers play the game and the other half of the class can record their movements. 

8. Tell the students the game will begin and end at the sound of the bell (or buzzer or whistle). Begin the earthworm-free part of the game! 

9. Let the students play the game for 15-20 minutes, or until you start to see patterns develop where students (nutrients) are beginning to cluster. Blow the whistle to stop the worm-free round. Ask the student to discuss when nutrients flow and what patterns they are seeing as they move through the game. Where do they (as nutrients) spend a lot of their time? 

Switching to  Worm-Invaded: 

10. Tell the students that now earthworms are going to invade this ecosystem and they will play the game just as they did in the earthworm-free round. 

11. Ask students to brainstorm on how this might change how nutrients move through the ecosystem. Explain that earthworms eat the Forest Floor and mix it into the Soil compartment in the form of cast material (earthworm poop). 

12. Replace the earthworm-free station dice with the worm-invaded station dice (only the tree dice remains the same).  Have students see if they predicted all of the changes. If a student rolls leach at the soil station they leave the game and stand on the side until it is completed. 

13. Play the earthworm-invaded round of the game! Have students continue to record their movements. Have them discuss how the patterns of nutrient flow changed as a result of earthworm invasion and how that might change what lives & grows in the ecosystem. What might be the long-term implications of the introduction of leaching into a system that previously had no leaching? 

Wrap-Up 

Have students use their travel record to write stories about the places the nutrient molecule has been. They should include a description of what conditions were necessary for the nutrient to move from one station to the next. Discuss the cycling that took place during the game (that is, if any student returned to the same station).

Game Alternatives

To even more clearly bring home how nutrients will accumulate in different parts of the ecosystem you may want to have the kids relocate one Hershey Kiss, representing a nutrient packet, from one station to another as they move. Start with 10 or 20 Hershey Kisses at each station (using a different color for each station gives a nice visual of how things flow between stations). As each student moves to another station they take one Hershey Kiss (nutrient packet) with them and deposit it there. As the game progresses you will quickly see an accumulation on the forest floor when earthworm-free and then a shift to soil after earthworms invade. You could spread the playing of the game out over many days or even weeks using the Hershey Kisses as nutrient packets, with the stations spread out around the room. Every day, and for each class period, the students make one move. Over many days or weeks the students can monitor the accumulations and changes in where nutrients are in the ecosystem. This strategy could include students from multiple class periods and provides a more realistic time step for nutrient movements. The Hershey Kisses give students the opportunity to track the changes that happen in their absence (not unlike how scientists measure such things in the field – though we don’t use Hershey Kisses).

Inquiry-based adaptations of this game:

Have student compare the movement of nutrients in other types of ecosystems like prairies, suburban woodlots and urban areas. They can adapt the game by creating new faces for the die for the new ecosystem types and the different conditions that exist in each. Students can also investigate how human influences can move through the ecosystem. For example, if you were to fertilize the ecosystem how would those additional nutrients move? Will there be enough plant material to take it up or will it run off or leach away?

In this game we treated all earthworms as the same, but in reality different earthworms have different habits and ecological niches (see the website for details). Students can discuss how the affects of earthworms might be different with different species or ecological groups. For example, the litter dwelling species may directly affect the plants because they eat the forest floor where the plants are rooted. The soil dwelling species may not have direct affects on the plants, because they don’t eat the forest floor, but they might increase leaching more because they create deep burrows.


_1327409160

