Lesson Title: Invasion of the Earthworm
Discipline Focus: Build a forest ecosystem and make it work.
Grade level: Kindergarten-3
Length of lesson: Preparation time: 50 minutes Activity time: one or two 50 minute periods
	Stage 1 – Desired Results

	Content Standard(s):
Minnesota Academic Standards: Science K-12 (2009) 
Grade K: 
• Strand 4. Life Science – Substrand 1. Structure and Function in Living Systems – Standard 1. Living things are diverse with many different observable characteristics. – Code. 0.4.1.1.1 – Benchmark - Observe and compare plants and animals. 

• Strand 4. Life Science – Substrand 1. Structure and Function in Living Systems – Standard 1. Living things are diverse with many different observable characteristics. – Code. 0.4.1.1.3 – Benchmark - Differentiate between living and nonliving things.

• Strand 4. Life Science – Substrand 2. Interdependence Among Living Systems – Standard 1. Natural systems have many components that interact to maintain the system. – Code. 0.4.2.1.1 – Benchmark - Observe a natural system or its model, and identify living and nonliving components in that system.

Grade 1: 
• Strand 4. Life Science – Substrand 2. Interdependence Among Living Systems – Standard 1. Natural systems have many components that interact to maintain the living system. – Code. 1.4.2.1.1 – Benchmark - Recognize that animals need space, water, food, shelter and air.

• Strand 4. Life Science – Substrand 2. Interdependence Among Living Systems – Standard 1. Natural systems have many components that interact to maintain the living system. – Code. 1.4.2.1.2 – Benchmark - Describe ways in which an animal's habitat provides for its basic needs.

Grade 2 
• Strand 4. Life Science – Substrand 1. Structure and Function in Living Systems – Standard 1. Living things are diverse with many different observable characteristics. Code. 2.4.1.1.1 – Benchmark Describe and sort plants into groups in many ways, according to their physical characteristics and behaviors. 

• Strand 4. Life Science – Substrand 2. Interdepen-dence Among Living Systems – Standard 1. Natural systems have many components that interact to maintain the system – Code. 2.4.2.1.1 – Benchmark - Recognize that plants need space, water, nutrients and air, and that they fulfill these needs in different ways.

• Strand 4. Life Science – Substrand 3. Evolution in Living Systems – Standard 1. Plants and animals undergo a series of orderly changes during their life cycles. – Code. 2.4.3.1.1 – Benchmark - Describe the characteristics of plants at different stages of their life cycles.

Grade 3

• Strand 4. Life Science – Substrand 1. Structure and Function in Living Systems – Standard 1. Living things are diverse with many different characteristics that enable them to grow, reproduce and survive. – Code. 3.4.1.1.2 – Benchmark - Identify common groups of plants and animals using observable physical characteristics, structures and behaviors.
• Strand 4. Life Science – Substrand 3. Evolution in Living Systems – Standard 2. Offspring are generally similar to their parents, but may have variations that can be advantageous or disadvantageous in a particular environment. – Code. 3.4.3.2.2 – Benchmark - Give examples of differences among individuals that can sometimes give an individual an advantage in survival and reproduction.

National Science Education Standards (1996)

National Science Standards K-4: 
Life Science – Content Standard C 
All students should develop understanding of: 
The characteristics of organisms
Life cycles of organisms
Organisms and environments.

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 K-4:

• Ask a question about objects, organisms, and events in the environment.

• Plan and conduct a simple investigation.

• Use data to construct a reasonable explanation.

• Communicate investigations and explanations.

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

Grades K-4

• Scientific investigations involve asking and answering a question and comparing the answer with what scientists already know about the world.

• Scientists use different kinds of investigations depending on the questions they are trying to answer.

• Scientists develop explanations using observations (evidence) and what they already know about the world (scientific knowledge).

• Scientists make the results of their investigations public; they describe the investigations in ways that enable others to repeat the investigations.

• Scientists review and ask questions about the results of other scientists’ work.



	Understanding (s)/goals

Students will understand:

1) the basic components of a forest ecosystem (tree layer, shrub/plant layer, forest floor and soil layer)
2) the difference between an invasive species and native species. 
3) the effects of earthworms on a forest. 
	Essential Question(s):

1) What are the basic components of a forested ecosystem?

2) What is a native species?

3) What is an invasive species?



	Student objectives (outcomes):

Students will be able to:

1) Understand the basic components of a forest ecosystem.

2) Identify changes that can occur with earthworm invasion.
3) Earthworms change how the forest grows and repopulates.


	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. 

• Students will hand-in their feedback (muddiest point) on what they found to be the most interesting and what they want to learn more about. 

	Stage 3 – Learning Plan

	Setting: A large room or playing field.

Materials: 

• 5 large sheets of colored paper (1 of each: red, yellow, green, blue and brown/white)
• 5 colored sets of 20-40 beads (colors to use: red, yellow, green, blue and brown/white)

• 20+ (number of students) strings with a large knot on the end to place their beads on. 

• 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 (explain that there are habitats within ecosystems: a down hollowed out tree is a habitat for squirrels and chipmunks and the forest is the ecosystem) and how nutrient (food) move through that system. Write their responses on the board.

Activity 

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

2. Categorize the places a nutrient can move through into 5 stations: Trees, Shrubs/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 “food” to move. Explain that when thinking about nutrient “food” flow in an earthworm-free forest ecosystem that MOST of the nutrient “food” is tied up in the organic material (leaves, twigs, wood, animals, etc.) very little is actually in the soil (which is mostly composed of minerals). Explain that where they can move depends on the form of the “food” (example: trees and plants use water as food and animals use plants as food which contain water and other nutrients). 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 nutrients 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 “food” 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 Leaf Layer 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 by placing a bead from each station they visit in order on their string. For STAYS students will take another bead so that the number of times they had to STAY at that station. 
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 (food) are beginning to cluster. Blow the whistle to stop the worm-free round. Ask the student to discuss when nutrients “food” flow and what patterns they are seeing as they move through the game. Where do they (as food) 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 “food” moves 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/food 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 (beads on a string) to come up with a story of where they went. Discuss the cycling that took place during the game (that is, if any student returned to the same station).


