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Student Handout for lab directions
‘Earth in a Bottle: The Carbon Dioxide Challenge’ 
Materials required per group

Three one liter beakers

Thermometer

Plastic wrap/rubber bands to seal beakers

Sea water to fill beakers to one liter

Digital Scale

Electronic pH meter

KH (carbonate hardness) testing kit (obtainable from aquarium stores)

Aquarium or cooler sufficient to hold three 1 – liter beakers in water bath

Grow – light (to place atop aquarium or cooler and stimulate photosynthesis)

Marine plant material (up to enough to half-fill one liter beaker).  Eelgrass suggested if available.  Plant material should be in good condition, and without roots or non-photosynthetic parts.

One marine fish (a tide pool fish small enough to survive one hour in a beaker is needed: we have used gunnels and sculpins)

Lab Directions to Students

This activity challenges you to design and build a simplified version of Biosphere 2 – in a 1-liter lab beaker.  That is, you are to produce a balanced system in terms of photosynthesis and respiration over a one hour period.  Your system will contain only one species of animal and one species of plant.  As this is a marine system, your system will also contain plankton.  Some plankton are photosynthetic, others not.  At any rate, the presence of plankton will have an effect upon the system, in terms of either taking up or producing carbon dioxide.  The net effect of plankton upon the carbon dioxide concentration will be apparent from the control beaker.

Outline:

Part 1 
· Collect initial data re typical CO2  uptake and production for three closed marine systems (Figure1): 

· Control (seawater including plankton) 

· Photosynthesizing (marine plant matter in seawater) 

· Respiring (marine organism in seawater) 
Part 2 
· Use your data from Part 1 to make a prediction about the ratio of plant/animal matter likely to produce no increase in CO2 in one hour. Build and test your system.

Instructions for Part 1: 

Set up three one liter beakers to represent three closed marine systems:

a) Control (contains seawater and plankton only)

b) Photosynthesizing system (seawater and a known mass of marine plant material)

c) Respiring system (seawater and a known mass of a marine fish)

Procedure (Part 1).  

· Record masses of plant and animal material (Figure 2).  Be as careful as possible that the fish does not become unnecessarily stressed (Figure 3) and that you choose plant material that is in good condition.  Remove roots and browning parts of leaves.  Enter species of plant/fish and their relative masses in Table 1.
· Place  plants and fish in  separate beakers, add seawater to 1 liter 
· Set up third beaker as control (plankton) 
· Let three systems ‘settle’ (Figure 1). After 5 minutes, record initial pH, kH, and temp .  Enter parameters in Table 1
· Seal beakers (Figure 1).
· Place all three beakers under grow-light or in sunlight for 60 minutes 
· Keep beakers in water (to retard temperature changes  )in an aquarium/cooler for one hour. (Figure 4)
· Remove the grow-light. Record  pH, kH, and temp. at 60 minutes. Think before doing this: how are you to take these measurements while minimizing the time that the beaker is not sealed? Enter parameters in Table 1
· Calculate carbon dioxide concentration for each system at t=0 and t=60 (Table 2)
· Calculate the change in carbon dioxide for each system over one hour.  For each system, state if carbon dioxide was produced or consumed in the system. Enter changes in Table 2.

· For the photosynthesizing and respiring systems only, calculate mg/l carbon dioxide produced or consumed per gram of living matter in the system.  Enter in Table 2.

Questions
Why did we wait 5 minutes before recording initial parameters?
Did the temperature change significantly (more than 1 degree Celsius)?  If so, how will this affect the carbon dioxide concentration in the system?
Why is it important to keep the systems sealed?
Is the plankton only system a photosynthetic or respiring system, overall?
Why did we not calculate the carbon dioxide produced or consumed per gram of plankton?  What would we need to do in order to do this?
What confounding variables were operating in this experiment, and what effects might these have had upon carbon dioxide uptake or production?

Part 2:  Designing and Testing Your Balanced System.

1. Use the data in Table 2 to predict the ratio of plant: animal matter you would need in a given system to balance carbon dioxide uptake and production by photosynthesis and respiration respectively.  Use the following to guide your prediction:

Net CO2 consumed per gram plant matter:  ____________

Net CO2 produced per gram animal:             ____________

Net CO2 produced or consumed by plankton:  _____________

Consider how to compensate for the Net CO2 produced or consumed in the control system. Then calculate the ratio of plant/animal mass such that CO2 produced/consumed = 1:  ____________

2. Check your calculations and reasoning with the lab instructor.
3. Build your system using the ratio of plant to animal mass that you have predicted will result in a sustainable system for one hour.  Adjust the mass of plant matter selected to the mass of fish selected.  Place both plants and fish in the same beaker, and follow the same procedure as in part 1: allow the system to settle for 5 minutes, take initial parameters (Table 3), place in a water bath under a grow-light for 60 minutes, then take final parameters (Table 3) while disturbing the system as little as possible.  Think before you act at this stage!  Should you use the same fish or one which has not been tested previously?  Do you need to use the same species of plant and fish?  Why or why not?
4. Calculate your net carbon dioxide production/uptake in the system, and enter in Table 3.  

Questions

Explain your design.  If you changed the source or species of plant and/or fish, justify this.

How well did you succeed in creating a balanced system?  Explain any problems that might have contributed to the inability of the system to achieve a net carbon dioxide production of zero.

Report your findings to the remainder of the class.   Use the class results to make a summary statement/report about the subtleties of creating a system that remains in carbon dioxide balance for one hour.

Part 3: Extension

Extend your system such that it is designed to balance over a 24hr period that includes a 12 hour dark period.  Recall that in the absence of light, both plants and animals will be respiring (producing CO2), but no photosynthesis will be taking place.

