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[bookmark: _GoBack]Evolution of Aquatic Respiratory Systems  
(A comparison between OPEN and 
CLOSED CIRCULATORY SYSTEMS)
1. It is necessary to allow the fish and snail to equilibrate after being moved to the respiration chambers. Allow at least 10 minutes for equilibration. An air stone is used to oxygenate the water during this period. 
2. Any plastic or glass container with a lid can be used as the respiration chamber. For best results, limit the chamber size to 500 mL. We used a plastic 1 pint (473 mL) Talenti® brand gelato container.
3. Aquatic snails and fish can be found at local pet stores or ordered online from a science education supply company.
4. Both snails and fish are delicate organisms that can be injured by improper handling. Treat all animals with care and respect. 
· Fish are easily stressed, so transfer them quickly to the respiration chamber using a small fishing net.
· Snails can be picked up by hand, but take care not to drop them.

SAMPLE RESULTS
	Table 1

	
	Mass of empty chamber 
(g)
	Mass of filled chamber 
(g)
	Mass of chamber 
with organism 
(g)
	Mass of organism 
(g)

	Snail 
	55.85
	530.85
	536.95
	6.1

	Goldfish 
	55.85
	530.85
	533.52
	2.67

	Betta 
	55.85
	530.85
	533.9
	3.05

	Table 2

	
	Starting DO
(mg/L)
	Ending DO
(mg/L)
	Change in DO 
(mg/L)
	Respiration rate
(mgL-1min-1)
	Respiration rate per minute per tissue mass 
(mgL-1min-1g-1)

	Snail 
	10.49
	10.37
	0.12
	0.006
	0.001

	Goldfish 
	10.2
	8.29
	1.91
	0.095
	0.036

	Betta 
	10.48
	9.53
	0.95
	0.048
	0.016




ANSWERS TO QUESTIONS
1.	It is important to take the mass of each animal in order to control for size. 
2.	The goldfish should have the highest respiration rate, indicating a higher metabolic rate.
3. 	The snail should have the lowest respiration rate, indicating a lower metabolic rate.
4. 	Since both fish have a higher respiration rate than the snail, this supports the hypothesis that a closed circulatory system supports a higher metabolic rate. 
5. 	Bettas have smaller gills than similarly sized fish. They are adapted for living in rice paddies and small ponds or pools with little oxygen availability. Therefore, one would expect Bettas to have a lower respiration rate than the goldfish. 
6. 	Cephalopods are active and fast-moving predators. Unlike most mollusks, they have a closed circulatory system. 
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