NGSS MS-LS2-3 (Students who can demonstrate an understanding of this concept can develop a model to describe the cycling of matter and flow of energy among living and nonliving parts of an ecosystem)

This is a great project to start toward the beginning of the year as it can sustain itself for long periods of time – your students can continue to observe their Winogradsky columns for several months

Life Unseen and Underground: An investigation of microscopic life with Winogradsky Columns


Background
Think for a moment about what lies under your feet – the microscopic life within the soil you walk on. So often these microbes go unnoticed and unappreciated, but our world would be unrecognizable (and uninhabitable) without them! Soil microbes are some of the world’s greatest recyclers and each group of microbes in the soil can live off of the waste products of another group of microbes. It’s like living in a seven-story building where only the residents of the very top floor are allowed to go grocery shopping. Each of the residents on the floors below must then live off of what the people on the floor(s) above them throw out or don’t use – not necessarily a common strategy for humans, but one that soil microbes have been thriving on for millions of years. 
[image: Macintosh HD:Users:christinemitchell:Desktop:Column.pdf]

Today you will be setting up a Winogradsky column, named after the Russian microbiologist who first used these devices to study soil bacteria. These columns will allow you to get an up-close view of what goes on beneath your feet. The column you set up today will end up looking much like the diagram on the right. You will be able to observe the bands of different types of soil bacteria – like the floors in a seven-story building


As a class, diagram the flow of energy and matter through a typical Winogradsky column. The Howard Hughes Medical Institute has some great resources to help you structure this diagram. Be sure to talk with your students about the gradients that will form in their columns

Ask your students to hypothesize about how the gradients in the column will affect the types of bacteria that can live in each zone. This is a great time to talk with your students about the niche concept and how it not only applies to things we can see, but to microscopic life as well.

Talk with your students about the types of microbes they will find in each layer, i.e. algae/cyanobacteria (in the water after the column has been exposed to light), heterotrophic and chemolithotrophic bacteria (in the light brown zone below the water),  iron oxidizing bacteria (red-brown layer), purple non-sulfur bacteria  and purple sulfur bacteria (red-purple layer), green sulfur bacteria (green-brown layer), sulfate reducing bacteria (black zone at the bottom of the column).

Activity
Today you will be setting up a miniature microbial ecosystem, otherwise known as a Winogradsky column. You will be able to observe several types of bacteria living off of what we may consider very limited resources. You will learn how matter is cycled and recycled in this system and how these microbes play a role in biogeochemical cycles. 

Supplies:
· 100 mL graduated cylinder The column can also be set up in clear bottles or other similar containers
· Gloves
· Shredded newspaper This is the carbon source, you can really use any carbon source, but it is great for the students to realize that bacteria don’t necessarily use the same kinds of food we do – using cellulose (a compound humans can’t digest) found in newspaper is a great way to illustrate this
· Calcium sulfate This is the source of sulfur, so you can also use a raw/hardboiled egg yolk
· Fresh mud and water The mud and water should be collected from the same area. Don’t let the mud get too warm before use in the columns (keep the samples at about room temperature). The mud should also be free of most plant material. You may choose to have your students bring in mud/water samples from different areas around school or from puddles in their yards, etc. Have your students record the source of their mud/water
· Beakers/Bowls
· Stirring rods/Spoons
· Aluminum foil
· Rubber bands
· Plastic wrap

1. Wear gloves to avoid introducing bacteria from your skin into your column
2. Tear newspaper into small pieces and place into a beaker or bowl. Add a small volume of water and mix/mash the paper into a pulp. Add enough water to create a slurry (a thick solution that is still thin enough to be poured)  
3. Fill the graduated cylinder with the slurry until it is one-third full 
4. Add 1.64g of calcium sulfate to 200g of mud Alternately, add the egg yolk
5. [bookmark: _GoBack]This step depends on your mud sample – if the mud is too thick to be poured (with some coaxing), add water in small volumes until your mud is able to be poured. Be sure your mud is not behaving entirely like a liquid – it shouldn’t be runny
6. Pour the mud into the graduated cylinder (on top of the newspaper slurry)
7. Using a stirring rod, gently mix the newspaper slurry and the mud (you will not end up mixing the slurry all the way through the mud, most of the slurry will still remain toward the bottom of your column)
8. As you mix, start to gently pack the mud into the column – the slurry/mud mixture should fill about two-thirds of the column when you are finished
9. Above the mud mixture, fill the column with water (collected from the same area as the mud) until it is about 90% full. 
10. Cover the top of the column with plastic wrap secured with a rubber band to prevent the water from evaporating 
11. Record your initial observations of your column on your data sheet
12.  Wrap the sides of the column in aluminum foil to prevent light from penetrating your columns
13. Incubate the columns at room temperature for two weeks
14. After two weeks remove the foil and record your observations of the column on your data sheet You should start to see a black layer at the bottom of the column. These are the sulfate-reducing bacteria and they are producing small amounts of H2S, giving the column a ‘rotten egg’ smell when uncovered
15. Do not replace the foil – the next incubation period should allow light to penetrate the columns. 
16. Place the columns in a sunny area (one where they wont get too hot) and incubate for several more weeks/months
17. Continue to record observations of your column in your data sheet every few days

Observations
Record your observations below. Be sure to note any changes in color, appearance of bubbles, odors, etc.
	Time
	Observation

	0 (Initial Setup)
Date:_____________

	

	1
Date:_____________

	

	2
Date:_____________

	

	3
Date:_____________

	

	4
Date:_____________

	

	5
Date:_____________

	

	6
Date:_____________

	

	7
Date:_____________

	

	8
Date:_____________

	

	9
Date:_____________

	

	10
Date:_____________

	



Follow-up Activity
1. Define the terms: autotroph, heterotroph, phototroph, and chemotroph.




2. Describe the concept of a niche and explain how it relates to the organisms in your Winogradsky column.





3. Where would you find photosynthetic organisms such as cyanobacteria and algae in your column? Explain why. 




Another great follow up activity is to have your students make wet mounts from the water at the top of the column as well as the from some of the distinct layers throughout the column and observe them under the microscope. The NGSS Cell Investigation Activity (on this webpage) has a simple protocol for making wet mounts.
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