Lesson Title: Making an Earthworm Observatory
Discipline Focus: What earthworms do and how they might change ecosystems when they invade.
Grade level: 9-12
Length of lesson: 50 minutes
	Stage 1 – Desired Results

	Content Standard(s): 
Minnesota Academic Standards: Science K-12 (2009): 

Grade 9-12: 
· Strand 1. The Nature of Science and Engineering – Substrand 1. The Practice of Science – Standard 2. Scientific inquiry uses multiple interrelated processes to investigate and explain the natural world. – Code 9.1.1.2.1 – Benchmark - Formulate a testable hypothesis, design and conduct an experiment to test the hypothesis, analyze the data, consider alternative explanations and draw conclusions supported by evidence from the investigation.

· Strand 1. The Nature of Science and Engineering – Substrand 1. The Practice of Science – Standard 2. Scientific inquiry uses multiple interrelated processes to investigate and explain the natural world. – Code 9.1.1.2.2 – Benchmark - Evaluate the explanations proposed by others by examining and comparing evidence, identifying faulty reasoning, pointing out statements that go beyond the scientifically acceptable evidence, and suggesting alternative scientific explanations.
· 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

1) Students will understand: Earthworms ingest organic material and microbes in their gut.
2) Observing the changes in unaltered soil to organic mineral soil.

3) Coming up with hypotheses about what will happen in the student’s observatories and understanding the differences from the control to a variety of observatories. 
4) Earthworms break the organic material, releasing nutrients in the worm gut which are absorbed by the worm (so it can live, grow, and reproduce).
5) Earthworms remove the surface litter and then deposit their cast material (casting) in the soil. (black dirt) 
6) The new layer of worm cast material (black dirt) has different properties than non-worm worked soil and organic material.
- density (grams of soil/cm3) often increases

- the percent of organic material in soil often increases (grams of carbon/grams of soil)

- nutrient turnover increases (nitrogen and phosphorous)


	Essential Question(s):

1) What do earthworms eat/ingest?
2) How do earthworms change the surface layer and what does the surface layer turn into?
3) Define the 3 different types of earthworms: - Endogeic, Epigeic and Anecic.
4) What are the properties of non-worm worked soil and organic material?

5) Do earthworms show an impact on the soil composition? What changes?
6) What is the rate at which different observatories change?

- Endogeic 

- Epigeic 

- Anecic

- All 3 species combined
7) How does earthworm invasion affect forest ecosystems (especially in native hardwood forests) using the observatories as an example to draw hypotheses from?
8) What are the major inputs and outputs in the earthworm observatories?
9) Is their observatory ‘ecosystem model’ a closed or open system? 
10) How does the flow of nutrients and energy work in a forested ecosystem?
11) Explain the positive and/or negative feedbacks of an earthworm invasion.
12) How does the change in an ecosystem affect humans?

	Student objectives (outcomes):

· Students will be able to identify the 3 different types of earthworms.

· Students will recognize the changes of soil from non-worm worked soil to organic material. 

· Students will acknowledge how the soil layers change during an earthworm invasion and compare that to a worm-invaded hardwood forest.
· Have hypotheses about what will happen in their earthworm observatories. 



	Stage 2 – Assessment Evidence

	Performance Task(s):

In the creation of a worm observatory, students will observe and record what happens during an earthworm invasion. Also students will have some hypothesis/research questions they will answer throughout During the observing process students will acknowledge how the soil layers change from non-worm worked soil (unaltered) to organic material. The students observations should include visible color changes in soil layers, height of soil layers and burrows made by the earthworms. 
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For more information about how earthworms affect soil, animals and the forest, go to: http://greatlakeswormwatch.org/forest/index.html
	Other Evidence:

· Each student will describe once a week, what they see during the 8 weeks of observation.
· Students will be evaluated on their written response and data recordings of their earthworm observatory observations. 


	Stage 3 – Learning Plan

	Learning Activities:

Materials Needed

1. The container
5 gallon aquarium, recommended.
(anything larger gets very heavy once you fill it with soil)
A tank divider made of Plexiglas, a scrap piece of wood, rigid insulation (my preference) or some other impenetrable material, cut to fit snuggly.
Silicone caulk, epoxy or some other material used to seal around the divider.
A fitted lid of some kind, a snap on screen lid for an aquarium works great.

2. The soil layers
Sand – bottom 2 inches or so (solely for drainage)
Soil – about a 4-6 inch layer of a light colored loamy soil (beige, red, any other color but black so the change to black worm cast material is evident) A very dark color indicates that the soil contains lots of organic compounds, that's why worm cast material is black.
Leaf Litter – on top put about a 3 inch layer of crushed, dried leaves. Hardwood tree litter is best. Maple, Aspen, Birch or Basswood leaves are best, use Oak only as a last resort since they are less palatable to worms. Last years dried leaves work the best. If you collect fresh leaves, dry them completely until they crumble easily. Crush the leaves by hand until they are broken into small bits (1/8 – 1/2 inch) but not powdery. Some larger bits are fine too.

Note: All of the soil and litter components must be completely worm free. Sift soil to get rid of any worms that may be there. Use only very dry leaf litter since wet litter often contains worms. If you can spread the soil and litter out on a tarp in a thin layer, in the blazing sun for a few days or a week to really cook it, this will kill or drive off any tiny worms present.

A related math exercise: have the kids calculate how much of each material you will need based on the volume of the container and the desired thickness of each layer.

3. The Worms
Any kind of worm will work. Different species of worms will have different affects due to their ecology and feeding habits (see “worm type” handout). Some live only in the litter (small-bodied red worms), some live only in the soil (larger whitish - gray worms) but the night crawler (large-bodied red worm) goes everywhere and, being so large, they eat a lot. For the fastest and most dramatic results, use either leaf worms (Lumbricus rubellus) or night crawlers (Lumbricus terrestris), both of which can be found in local bait shops. If you choose to dig you own worms and see what you think may be several different types of worms, just pick one of the types and use it.

For one side of the container (remember you are leaving one side worm free!) use enough worms to equal 200-400 individuals per square meter…

· Leaf worms (L. rubellus) about 15-20 worms

· Night crawlers (L. terrestris) about 6-10 worms

· Red-Wigglers (Eisenia fetida) or Angle worms (Aporrectodea species) about 10-15 worms

A related math exercise: have students calculate how many worms you wouldneed for the container to achieve the desired density of worms.

Assembling Everything

1. Divide the tank into two equal halves. Be sure the divider is tightly fitted and sealed (silicone caulk, epoxy glue, etc.) to prevent movement of worms from one side to the other. Tiny juvenile worms can move through any fine mesh and even big worms can get through very tiny spaces. Be sure the lid fits snuggly down on the divider to prevent worms from crawling over (yes, they will do this!). If you are using a screen lid be sure the divider fits snugly to the screen.

2. Build the layers of soil from the bottom up…smoothing each as you go so they are level and equal on both sides.

· Sand goes on the bottom. This is primarily for drainage so the upper layers do not get overly saturated.

· Loamy soil simulates the thickest and deepest layer of soil generally found in rich, mesic hardwood forests. This layer is often called the “mineral soil.”

· Leaf litter simulates the forest floor or “duff” layer of worm-free hardwood forests. In a natural forest, this layer would be full of insects, roots, fungal hyphae and hordes of other organisms. But for our purposes, this simulated duff layer does a great job.

3. If the soil and litter are very dry, sprinkle water slowly over the whole demonstration to moisten the upper layers with a minimal amount of flow through to the sand. Maintain moisture levels throughout the run of the experiment since earthworms will become inactive when conditions are to extreme (to dry, hot or cold). They can live in saturated conditions but they do not prefer it. FYI-worms do not come up during rainstorms to avoid drowning. They do so because it is an opportunity to disperse when surface conditions are moist and cool.

4. Use tape or string to mark the top of each layer on the outside of the aquarium (these will change during the demonstration and if you don't mark them it's not as obvious).

5. Add worms. They will find their way down, no need to bury them, just thrown them in on top of everything! Be sure to make note of how many you put in and the date.

6. Wait, keep observations. If you used night crawlers, you should see obvious activity on that side within a few days or weeks. After a month or more, the differences between the worm-free and the worm populated sides will be obvious. Some suggestions on observations…a) measure changes in the thickness and height of the different layers using the reference markings you placed on the outside.b) note changes in color or texture to each layer.c) note which layers you see the earthworms in (they should move along the glass every once in a while, leaving burrows, so you can see where they have been).d) general descriptive observations that are of interest to the students.
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 Figure 1

Small Observatories

Using the same layers as in the demonstration observatory, you can use clear 2 liter plastic pop bottles to make small observatories, which are ideal for small experiments because you can make replicates for different treatments! (See Figure 2)

Options for Treatments Might Be:

· Use different species of worms to see how they differ in their affects.

· Use different types of leaf litter (keeping the worms species the same) to see which the worms eat fastest (ie. maple vs. oak, or maple vs. pine).

Scientific methodology

Using either the demonstration observatory or the small observatories is a great opportunity to introduce “the scientific method” and the concepts of an experimental “control,” experimental “treatments,” and “replicates.”

The basic idea is that all the observatories are set up exactly the same. Then, some get no treatment (the controls) and some get a “treatment.” For example worm-free (control) vs. worms added (treatment). The control is required to understand what would have happened if the worms weren't present. For example, the soil layers in the experiment may settle. How much is natural and how much is due to the worms? Without the control we might assume that all settling in the container is due to worm activity when that may only be part of the answer. Conversely, if the container without worms does not settle and the one with the worms does, we can probably conclude it was due to the worms.

Of course, with only one control and one experimental set-up, we can't always be so confident that the difference we see is the result of our treatment. Since some unknown factors may have affected our results. But, if we “replicate” the experiment and get the same results in all (or most) of them, then we can say with confidence that the differences we observed were real.
It is very important when using an experimental design with controls and/or replicates that all of the set-ups get exactly the same treatment (ie. water, light, temperature, etc.) so that we are confident that the only difference between our controls and our experimental set-ups is the variable we are testing. However, weird things always happen and when they do it's an opportunity to perhaps learn something unexpected. [image: image3.jpg]Figure2
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Additional Observational Opportunities

1. Calculate earthworm growth rates. Weigh the worms and the leaf litter before you put them in the demonstration. Note whether or not the worms have a clitellum (light colored collar or band around their body, near the head). This indicates that the worm is sexually mature and may produce cocoons and/or young during the run of the experiment.

Then, after a month or more, you can take the demonstration apart and sift out the worms. Be sure to watch for tiny white juvenile worms! Have students count and weigh the worms and the remaining litter. Compare this to what you put in. You can then calculate earthworm growth rates, reproduction rates (if there are juveniles), etc. and correlate those changes to the changes in mass of the litter.

2. Make measurements of pH and various nutrients in the different layers at the beginning of the experiment and then in each layer on each side at the end of the experiment (inexpensive test kits are available through many greenhouse or garden supply stores). Compare and contrast the changes in the worm-free versus worm wormed treatment.

3. To look at possible nutrient losses from leaching as a result of earthworm activity, put small drain holes in the bottom of your containers. Cover these holes with a very fine screen or landscape cloth so water can get through but earthworms can't. Then assemble the layers as described above. Have a separate catch basin under each container. Collect the water (leachate) that drains through at different time intervals during the experiment. Water both sides of the demonstration equally and at a rate that produces small amounts of leachate (maybe a cup a week?). Be sure to sprinkle water in slowly so it does not run straight through and you are actually collecting water (leachate) that slowly moves through the soil after having a chance to interact with the soil particles (hours to days). If you don't get any leachate from either side after the first few weeks, gradually increase the amount of water added to the demonstration until you get some leaching.

Measure the relative amount of leachate, the pH and the nutrient content of the leachate (inexpensive test kits are available through many greenhouse or garden supply stores). Compare the results of the control vs. the worm treatment. Don't be surprised if the two sides produce different amounts of leachate when you put the same amount of water in on each side. Earthworm burrows conduct water more rapidly through the soil horizon than soils without burrows. The nitrogen in earthworm casts is in a form that is more easily leached from the soil than the nitrogen in an intact litter layers.

Consider what the implication might be for the long term nutrient budget of a forest with and without worms based on the results of this experiment. For example, the average nitrogen content of some hardwood forests is 65 kg / hectare (58 lbs / acre). Lets assume that in worm free conditions nitrogen loss rates due to leaching are equal to nitrogen added to the system by fixation (estimated to be about 10% of the total pool annually) so there is no net change over time in the amount of nitrogen in the system. If earthworms increase the nitrogen content of the leachate (outputs) by, say 10% or 20% a year. Then how much nitrogen would be lost from the system in a decade and is that a significant amount?

Well, the current loss rate is 6.5 kg / hectare (5.8 lbs. / acres) per year. Ten percent of that amount is .65 kg / hectare (.58 lbs. / acres) and 20% is 1.3 kg / hectare (1.16 lbs. / acres) per year. Over a decade, that represents 6.5 kg / hectare (5.8 lbs. / acres) at the 10% level, or 13 kg / hectare (11.6 lbs. / acres) at the 20% level, of nitrogen lost from the system leaving a total of 58.5 kg / hectare (52.2 lbs. / acres) or 52 kg / hectare (46.4 lbs. / acre), respectively. At this rate of loss, in one or two decades enough nitrogen will have been lost from the system to limit the viability of many hardwood tree species, favoring conifer tree species which grow more slowly and have lower nitrogen content in their needles than do hardwood leaves. This is only one of many possible examples.




