Teacher’s Guide- Ponds: More Than Meets The Eye
Exploration 1:

1. You will keep a notebook solely devoted to this experiment.  Start the notebook by recording the people in your group, the location of your pond and describe your sampling experience (i.e. what did the mud look like, was there obvious layers? What was the texture, sandy, muddy, rocky?)
2. Label your pond water with your group’s initials and pond location.
3. Using the pH paper provided take the pH of your pond water and record it in your notebook.
4. Shake up the pond water to try to homogenize the sample, using the dropper provided suck up the pond water and place 1-2 drops on the glass slide.
5. Place the cover slip over the water droplets.
6. Observe your pond sample under the microscope.  In your notebook, record what you see (draw a picture of what you see under the microscope).
7. Look around at some of the samples from the other groups under the microscope; does it look similar or different?
Exploration 2: 

(There will be two control columns, one with all of the nutrients but it is kept in the dark and one with no nutrients added kept in the light)

1. Divide your pond sediment into the two plastic bowls.  One-fourth of the total amount should go into one bowl and the other three-fourths should be placed in the second bowl.

2. To the first bowl, add some shredded paper, egg yolk and Calcium carbonate. Mix well with the spatula (rinse the spatula).

3. To the second bowl, add only shredded paper and calcium carbonate. Mix well with the spatula (be sure the spatula has been rinsed off between steps 2 and 3).

4. To your plastic column, add the contents of the first bowl to the bottom.  After adding the mud, tap the column on the counter to get out any air pockets.

5. Now on top of the bottom layer of mud add the contents of the second bowl.  Gently tap the cylinder on the counter (be careful not to mix the layers).

6. Now your column should be about three-fourths full of pond mud.  Pour some pond water over the top of the mud so that there is about an inch of air left in the column.

7. Cover the top of your column with the plastic wrap provided.  Place a rubber band around the top to secure the plastic wrap.  Label your column with your 
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groups initials using a small piece of masking tape around the bottom of column.

8. Using the camera, take a picture of your column, record the date in your notebook, and describe what your column looks like.

9. Place your column in the window (or under a lamp) of the classroom.

10. At least two times a week you should take just a few minutes to observe your column.  Record any changes that you see in your notebook.  Observe the columns of your classmates; do you see any changes in their columns? 

11. When the appearance of your column changes remove the plastic from the top of the column.  Take another water sample for microscopy, be careful to not disturb the column, and try not to introduce a lot of oxygen. Record what you see under the microscope just as you did in Exploration 1.  Take the pH and record your results. How does the column smell? Cover your column again with the plastic wrap and return it to the window.

Concept Development:

1. One column was kept covered completely in foil and another column were no additional nutrients added.  What is the purpose of these two columns?  

These columns are used as controls.  Growth in the column covered in foil is growth that occurs even in the absence of light.  Growth in the column with no added nutrients is growth that occurs from all of the residual nutrients in the soil.

2. Your column now appears to have layers.  Using crayons or colored pencils draw your column and the layers in your notebook.  Number the layers of your column from bottom to top.

The column should have three or four distinct layers, the layers will become more definite over time, but as soon as you see layers developing you can begin the concept development portion, however if you wish to wait until later in the year, you may have more distinct layers.  

3. Starting from the bottom layer of the column, which should be labeled one, write down a description of the nutrients added to this layer. What was similar and what was different between the nutrients in this layer compared to the other layers

To the bottom of the column, we added shredded paper, egg yolk and calcium carbonate. We added egg yolk to this layer and not to the other layers.  Shredded paper and calcium carbonate was added throughout the column.
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4. Describe what this bottom section of the column looks like.  How is it similar to the two control columns? 

The bottom of the column should be black, this is the anaerobic zone where sulfate reduction is occurring it should look similar to the column covered in foil because organisms that grow in the bottom of the sediment do not get light and they are not phototrophic.  It will not strongly resemble the column with no added nutrients.

5. What is the main purpose of adding the egg yolk (Hint: What is compound is egg yolk known to contain)? What does your column smell like? Next to the bottom of your column picture write in the compound from the egg. 

Egg yolk contains many sulfur compounds; anaerobic bacteria use sulfate and sulfur to produce energy because oxygen will not diffuse that far down into the soil.  The reduce sulfate to sulfide which causes the rotten egg smell.  This layer has the strongest concentration of sulfide, but the weakest concentration of oxygen. 

*At this point, you should tell the students that these organisms use sulfate instead of oxygen to produce energy the sulfate is reduced to sulfide.  Sulfide is toxic in concentrated amounts.  Have the students write sulfide next to their picture at the bottom portion of the column

6. Now lets move on to the next section of your column.  What does this part of your column look like? What nutrients were added to this part of the column? Compare the appearance of this column to the control columns.

This area will be reddish or purplish this is the first region that you will see photosynthetic growth.  This is a region with high concentrations of sulfide due to the sulfate reduction occurring directly below; there is also not a lot of oxygen present.

To this part of the column we added shredded paper and calcium carbonate, shredded paper is composed of cellulose and can be broken down and used as a carbon source.  Calcium carbonate can also be used for carbon.  This part of the column should not look anything like the column that was covered in foil because the organisms growing here are phototrophic and require light for growth. They also require sulfide as an electron source so they will not look like the organisms in the no nutrients added (NNA) column. 
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7. Now look back to section one of your column and what happened to the egg.  We added nutrients to this part of the column but now a new nutrient has been introduced.  How do the organisms growing in this part of the column gain energy?

The microorganisms that grow in this portion of the column are anoxygenic phototrophs they gain energy by using light and the sulfide as a source of electrons this helps decrease the amount of sulfide so it is not as toxic.  There is still little to no oxygen in this part of the system.

8. Which part of the column represents the part that you would fish in? Which part of the column would have the most amount of oxygen? When we were making the column, why did we tap it against the table after we put the dirt in?

The uppermost part of the column is were the students would find their fish in a pond, this is the portion that receives the most oxygen because it is directly exposed to air and we tapped the column to remove air bubbles that would introduce oxygen into the depths of the system.  In a real pond, oxygen is not going to penetrate this deep into the soil.  

9. Describe what the uppermost layer of your column looks like. What are these organisms exposed to that the other organisms are not? How do these organisms gain energy?

This part of the column is green due to the presence of cyanobacteria.  These organisms are exposed to oxygen and light.  They will closely resemble the growth seen in the column with no added nutrients. They gain energy through phototrophy.

10. Draw another picture of your column on the right side using an arrow show how oxygen concentrations change down the column.  On the left side of the column show how concentrations of the compound in question 5 change down the column.  Now clearly mark your segments throughout the column.  Label which part of the column is anaerobic and which part of the column is aerobic.

Oxygen will decrease down the column, sulfide will decrease going up the column (highest concentration will be at the bottom).  Photosynthetic bacteria have to have light to be active.  The layers will form according to three factors, oxygen concentration, sulfide concentration and the availability of light.
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Concept Application:

1. If your pond is near a highly fertilized field, what other types of elemental
cycling might affect the ecosystem?  Fertilizers are high in nitrogenous compounds, nitrogen cycling would be very important.

2. Different phototrophs will grow depending on the wavelength of the light that is present; this is why certain phototrophs will grow in certain layers of seawater.  How could you modify this experiment to alter the type of phototrophs that grow?  Using colored cellophane wrap you could affect the type of light that reaches the column thereby selecting for certain types of phototrophs.
3. Design an experiment where you enrich for thermophilic, halophilic and acidophilic organisms.  What types of environments would you use to inoculate these enrichment columns? Thermophiles, incubate the columns at a high temperature, halophiles add high salt concentrations to the pond water, and acidophiles you would decrease the pH by adding HCl.  The best environments would probably be ponds from a system in areas like Yellowstone.

4. Lets say you wanted to isolate an organism from one of the layers of your Winogradsky column; how would do this? Depending on the layer you would determine the conditions necessary for growth, aerobic vs. anaerobic, if it is phototrophic you would have to grow it in light, if it is anaerobic you would have to supply an electron acceptor.

5. How do microorganisms fit into the food chain in a pond? Photosynthetic organisms are the primary producers gaining energy from sunlight and producing compounds, which other organisms use for food. 

6. Illustrate the sulfur cycle, labeling the anaerobic and aerobic portions. 
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