AquaTerra: ECO-COLUMNS
Aquatic habitat
· Fine grained aquarium gravel (provides “bedrock”)

· Sand or topsoil (provides bottom sediment)

· Untreated tap water or distilled water (provides aquatic habitat)

· “Boulders,” “sunken logs,” and other miniature objects typical of a pond bottom

· Aquatic plants and animals

· Fish food (if you include a fish)
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Terrestrial habitat
· Fine grained aquarium gravel (provides “bedrock”)

· Topsoil (provides soil substrate)

· Leaf litter (provides decaying material)

· Terrestrial plants and animals 

· Worms-millworm, earthworm
· Crickets

· Mosquito fish
· “Boulders,” “dead trees,” and other miniature objects typical of a forest habitat

· Food for animals as needed 
Build List:


3-2 liter bottles

wicking (white not wax rope)

electrical or duct tape

soldering iron

box cutter

scissors

water conditioner

skewers

plant light??, light holder, window

Turkey basters, large pipettes, syringe
WALMART

HAVE IN-HOUSE

BRING OR FIND
Building Instructions:

1. Following the instructions for making cuts in Bottle Basics, make a deep base unit, deep funnel unit, and top unit. An internal unit for either the aquarium or terrarium is optional.

2. Melt or drill a hole in both bottle caps and screw onto the top and deep funnel units.

3. Insert the “wick” through the hole in the bottle cap of deep funnel with approximately 10 cm on either side.

4. Make air holes at the top of the aquarium and terrarium.

5. The system is assembled by inverting the deep funnel over the deep base and adding the top. 

***Teacher(s) should collect materials and cut bottle parts, make holes etc. Students should select from these to build and design columns.
TerrAqua: Ecosystem Study
[image: image3.png]


(Student Build and Fill Instructions)
Building Instructions:

1. Select bottle parts for best fit: deep base unit, deep funnel unit, and top unit. An internal unit for either the aquarium or terrarium is optional.

2. Insert the “wick” through the hole in the bottle cap of deep funnel with approximately 10 cm on either side.

3. [image: image4.png]thread,
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Make air holes at the top of the aquarium and terrarium.

4. The system is assembled by inverting the deep funnel over the deep base and adding the top. 

[image: image5.png]


Stocking Instructions

Aquatic habitat
1. Add a layer of sand or topsoil (2-3 cm) to the deep base.

2. Add a layer of gravel (1-2 cm) on top of the sand or topsoil.

3. Add water to a level about 1 cm below the cap of the inverted deep funnel. 

4. Plant aquatic plants in the bottom sediment. A chopstick or skewer will help you push the stems or roots into the ground.

5. Arrange “boulders” and other objects on the bottom sediment.

6. Add floating aquatic plants.

7. Add aquatic animals.

Terrestrial habitat
1. Add a layer (1-2 cm) of gravel to the deep funnel.
2. Mix equal parts of leaf litter and topsoil together, moisten, and add a layer (6-8cm) over the gravel.

3. Add terrestrial animals that burrow to the soil (e.g., worms).

4. Plant terrestrial plants in the soil.

5. Arrange “dead trees” and other objects on the soil.

6. Add terrestrial animals.

7. Establish a “water connection” between the aquatic and terrestrial habitats by holding the terrarium over the aquarium at a slight angle and slowly pouring water down the side of the terrarium until it drips from the “wick” into the aquarium. This is essential to ensure “wicking” action.

Maintenance Instructions

1. Provide a light source, preferably indirect window light. A small desk lamp or plant light will work, too. For artificial lights, provide 12 –14 hours of light daily.
2. Remove algae weekly. Gather filamentous algae by “spooling” with a toothbrush or tweezers. Remove algae along the sides of the bottle with a paper towel.

3. Change the water weekly. Use a turkey baster or pipette to remove and replace 25% of the water each week.

4. Regularly feed animals that require an external food source.

	Bottles A-F illustrate six different cutting plans using the four basic bottle cuts. The construction on the right is a model for creating your own bottle constructions using these simple methods. 
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The basic components of the TerrAqua Column are soil, water and plants. How do these components interact in a Terr-Aqua system? (The word system indicates you are dealing with a diversity of organisms and the interactions between them.)

Plants growing in the upper part of the TerrAqua Column take nutrients from the surrounding soil and, with the aid of the wick, take water and other substances from the aquatic portion below. Substances you add to the terrestrial section will move down, or percolate, through the soil and drain into the aquatic section. 
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	How do land and water interact in your area? Does runoff from fertilized lawns or agriculture threaten the quality of your streams or groundwater? Is salt pollution a problem, from either road salt, irrigation, or saltwater intrusion? Are landfills affecting local groundwater? 

Soil, water, and plants: Fill the top unit of your TerrAqua Column with soil you collect, or with potting soil from a gardening store. Fill the lower aquatic unit with tap water, or water from a pond, lake, puddle or fish tank. 

Collected soil and water will likely contain algae, phytoplankton, plant seeds and insect larvae. Store-bought soil and tap water will include far fewer organisms. (To observe this, fill one TerrAqua Column with soil and water from nearby woods or park and another with potting soil from a garden store and tap water. Set them side by side and observe for several weeks. 


Terrestrial and aquatic plants are excellent indicators of change in your system. Fast-germinating and fast-growing plants will most effectively register change in a short period of time. 

Grasses, particularly lawn seed mixes, work well. Prairie grasses grow more slowly but have deep roots that are interesting to observe. Radishes and beans also work well, though you will need to soak dried beans overnight before planting. Fast Plants, which have been developed to complete their life cycle in 35-40 days, are ideal candidates for experimentation in TerrAqua Columns. 

A simple model, a complex world: The TerrAqua Column, a relatively simple model, allows you to focus on specific aspects of a complex world. Imagine, for example, a lake near your house that is suddenly overtaken with algae. 

Given all the environmental factors that influence the lake, you would be hard pressed to determine exactly which factors encouraged the slimy green stuff to get out of control. 

You could build several TerrAqua Columns in order to explore specific factors that might encourage algae. Try taking samples of lake water and local soil, for example, and then testing them under different conditions to see in what sorts of environments algae grows best. 

Your observations and experiments can go in many directions, so the clearer you are in defining your question and designing your experiment, the more successful your experiment will be. 

Variables: Variables to consider in your experiments include: 

· The type and amounts of soil, water, and plants – remember, depending on their source, the soil and water will likely contain such life as algae, fungus, mites, Daphnia, etc. 

· Substances that might affect terrestrial and aquatic systems – nutrients (fertilizers), or pollutants (salts, pesticides, acids). 

· A treatment plan – once you have decided on a substance to test you can apply different amounts of that substance; treat only the terrestrial chamber; treat only the water reservoir; apply it directly to plant leaves; test it on plants of various ages; or vary the treatment schedule. 

· Physical factors – temperature, light, sound, etc. 
· Indicators: Indicators in a TAC are plants and animals and other system characteristics that change in response to your experiments, giving you information regarding your hypothesis. Indicators include terrestrial and aquatic plants and the pH of soil and water. 

Some observations you can make of a plant indicator, for example, include percentage of seeds that germinate, plant height and weight, leaf size and shape, root structure, number of flowers, length of life cycle and seed production. In the aquatic system, indicators include increases or decreases in populations of algae and duckweed. These changes can show up as cloudiness in the water. You can also use the bioassay to determine the effects of a substance on plants.

Controls: With every experiment you run, set up one control TAC in which you do not vary any of the components. This acts as a standard against which you can compare the effects of variables you do change.

Keep it simple: The TAC is a simple model, but all of its parts are dynamic. Keep your investigations very simple by changing only one variable of the system at a time. 

Some of the more often investigated substances include fertilizer, pesticides, acid "rain" and oil. A detailed example of a salt pollution experiment follows; you can also use the procedure to investigate other substances.

	TerrAqua Column - What is the Land-Water Connection?

	 

What common substance falls from the atmosphere, flows through our bodies, runs through the soil beneath our feet, collects in puddles and lakes, then vaporizes back into the atmosphere in a never-ending cycle? 

Water, as it cycles between land, ocean and atmosphere, forms the major link between the terrestrial world (involving anything living on the earth) and the aquatic world (involving anything living on or in the water). 

Water drips off rooftops, flows over roads, off your toothbrush, and down the drain, percolates through the soils of fields and forests and eventually finds its way into rivers, lakes and oceans. 

During its journey, water will pick up leaf litter, soil, nutrients, agricultural chemicals, road salts and gasoline from cars, all of which have profound impacts on life in aquatic systems. Water can also be filtered or purified as it percolates through soil. 

The TerrAqua Column provides you with a model to explore the link between land and water. The model has three basic components: soil, water and plants. 

By varying the treatment of just one of these components you can explore how one variable can affect the whole system. How does salt affect the growth of plants? How does adding fertilizer to the soil affect algal growth in the water chamber? What type of soil best purifies water?

Experimentation with the TerrAqua Column is practically unlimited. You can define a question, and then design your experiment to explore it.



Terrestrial Animals List

	Animal#
	Common Name
	Scientific Name
	Notes

	T1
	Cricket
	Gryllidae (family)
	Limit- 1 per column, or collect your own

	T2
	Mealworm
	Tenebrio
	Limit- 1 per column

	T3
	Red worms
	Eisenia fetida
	Limit- 1 per column

	T4
	Sow (pill) bug
	Armadillidiidae (family)
	Limit- 1 per column, or collect your own

	T5
	Earthworm
	Annelida (Phylum)
	Limit- 1 per column, or collect your own

	T6
	Beetle
	Anthropoda (Phylum)
	Collect your own

	T7
	Snail
	Mollusca (Phylum)
	Collect your own

	T8
	Slug
	Mollusca (Phylum)
	Collect your own

	T9
	Lizard
	Chordata (Phylum)
	Less than 5cm-collect your own


Terrestrial Plants List

	Plant#
	Common Name
	Scientific Name
	Notes

	T1
	Rye Seed
	Lolium
	Needs to germinate

	T2
	Grasses
	Anthophyta (Division)
	

	T3
	
	
	

	T4
	
	
	

	T5
	
	
	

	T6
	
	
	

	T7
	
	
	

	T8
	
	
	

	T9
	
	
	


Aquatic Animals List

	Animal#
	Common Name
	Scientific Name
	Notes

	A1
	Rosy red minnows
	Pimephales
	Limit-1 per column

	A2
	Brine Shrimp
	Artemia
	See teacher

	A3
	Pond Snail
	Amnicola
	Limited quantities

	A4
	
	
	

	A5
	
	
	

	A6
	
	
	

	A7
	
	
	

	A8
	
	
	

	A9
	
	
	


Aquatic Plants List

	Plant#
	Common Name
	Scientific Name
	Notes

	A1
	Green algae
	Cladophera
	Algae (Protist) floating-see teacher

	A2
	Elodea
	Elodea
	submerged

	A3
	Duckweed
	Lemna
	floating

	A4
	Hornwort
	Ceratophyllum
	submerged

	A5
	
	
	

	A6
	
	
	

	A7
	
	
	

	A8
	
	
	

	A9
	
	
	


Activity Instructions

Taking Inventory
1. Assemble the aquatic and terrestrial organisms to be introduced into your TerrAqua Column.

2. Observe each item and identify it with a common and/or scientific name. 

3. Using your Taking Inventory Data Sheet (PDF), describe identifying and interesting characteristics for each organism.

4. Take and record measurements of each organism.

5. Make a sketch of each organism, including scale.

6. Make a graphic inventory of your TerrAqua Column, showing where each organism is to be placed.

Pondering Change
1. Use your Pondering Change Data Sheet (PDF) to make predictions about change in your TerrAqua Column over time.

2. Set the length of the study period for your TerrAqua Column.

3. At regular intervals during your study period, observe your TerrAqua Column and record changes that occur.

4. At the end of your study period, make another graphic inventory.

Questions- At the start of your study period
1. What aquatic organisms will you introduce into your TerrAqua column? 

2. What terrestrial organisms will you introduce?

3. Why did you choose these organisms?

4. How would you describe diversity in your aquatic habitat? Your terrestrial habitat?

5. What do you expect to happen in your aquatic habitat over time? Your terrestrial habitat?

6. Do you expect to find “newcomers” in either habitat that you didn’t introduce? 

7. If so, what do you think these newcomers will be?

8. How do you think newcomers might be introduced into each habitat?

9. Do you think this is a good model of an ecosystem?

10. What are the limitations of your TerrAqua column as a model of an ecosystem?

Questions- At the end of your study period
1. What types of changes occurred in your aquatic habitat? Your terrestrial habitat?

2. What do you think caused these changes?

3. Did you find any newcomers in either habitat? What were they? How did they get there?

4. Were there any problems in either habitat? Explain
5. How would you change the design of your TerrAqua Column for future studies?

Journal Pages:
1. TerrAqua Guidelines- glue in
2. TerrAqua Drawing/Diagram- student made
3. Biotic Graphic Inventory T-chart with drawings- student made
4. Abiotic Graphic Inventory T-chart with drawings- student made

5. Pre Study Questions (10)- glue in

6. Pondering Change Questions glue in
7. Pondering Change data table- student made

8. Post Study Questions- glue in 
TerrAqua: Ecosystem Study
Overview

1. Create an INVENTORY for all the objects you put into your TerrAqua Column, including

identification, description, and measurement. This will give you a reference point and allow you

to track changes in your TerrAqua Column over time.

2. Generate QUESTIONS about objects you put into your TerrAqua Column that you are interested

in knowing more about.

Guidelines

Complete the graphic inventories (Abiotic/Biotic T-charts- terrestrial/aquatic) on the following pages

using the following guidelines:

Observe

Using your senses, perhaps assisted by tools such as a magnifier or microscope, observe all the

objects you will put into your TerrAqua Column.

Describe

As you observe each item, consider characteristics of the item you find particularly interesting and

how you could describe each item to another person – size, shape, color, texture, odor, quantitative

features, qualitative features, etc.

Measure

Using tools such as a metric ruler or graduated cylinder, measure characteristics for each item for

which you have decided a quantitative description would be useful.

Record

Document your observations, descriptions, and measurements for each object.

Questions

Make a list of questions about the objects you are putting in your TerrAqua Column that you are

interested in knowing more about.
Journal Pages:

 Pg#
Title

______
TerrAqua Guidelines- glue in

______
TerrAqua Drawing/Diagram- student made

______
Biotic Graphic Inventory T-chart - student made
______
Abiotic Graphic Inventory T-chart - student made

______
Pre Study Questions (10)- glue in

______
Pondering Change Questions glue in

______
Pondering Change data table- student made

______
Post Study Questions- glue in 
Questions- At the start of your study period
1. What aquatic organisms will you introduce into your TerrAqua column? 

2. What terrestrial organisms will you introduce?

3. Why did you choose these organisms?

4. How would you describe diversity in your aquatic habitat? Your terrestrial habitat?

5. What do you expect to happen in your aquatic habitat over time? Your terrestrial habitat?

6. Do you expect to find “newcomers” in either habitat that you didn’t introduce? If so, what do you think these newcomers will be?

7. How do you think newcomers might be introduced into each habitat?

8. Do you think this is a good model of an ecosystem? Why or why not?
9. What are the limitations of your TerrAqua column as a model of an ecosystem?
Questions- At the end of your study period
1. What types of changes occurred in your aquatic habitat? Your terrestrial habitat?

2. What do you think caused these changes?

3. Did you find any newcomers in either habitat? What were they? How did they get there?

4. Were there any problems in either habitat? Explain

5. How would you change the design of your TerrAqua Column for future studies?

