[bookmark: _GoBack]Evolution of Aquatic Respiratory Systems  
(A comparison between OPEN and 
CLOSED CIRCULATORY SYSTEMS)

Cellular respiration is the process of converting oxygen (O2) and glucose into metabolic energy (ATP) and producing carbon dioxide (CO2) and water as waste products. This oxidative process is essential for an organism’s survival. It can be measured in a laboratory setting through the increase of CO2 and/or the decrease of O2 by an animal in an enclosed environment.
The phylum Mollusca contains the gastropods (slugs and snails), bivalves (clams and mussels), cephalopods (squid and octopi), and several other classes. Aquatic mollusks have gills for respiration and many have siphons that draw water over the gills, but they do not have specialized pumping structures associated with the gills. Mollusks, except for cephalopods, have open circulatory systems. In an open circulatory system, oxygenated and deoxygenated blood is not separated into a system of arteries and veins. Oxygenated blood from the gills flows into the heart and then out into sinuses. From the sinuses, it flows to other body tissues and eventually returns to the gills. 
The subphylum Vertebrate includes sharks (cartilaginous fish), bony fish, amphibians, reptiles, birds, and mammals. The most diverse group of vertebrates is bony fish (class Osteichthyes). Bony fish have a specialized structure called an operculum, which is used as a pump to push water over the gills. Like all vertebrates, fish have a closed circulatory system, but unlike mammals and birds, fish have a single-loop circulatory system with a heart composed of a single atrium and ventricle. Deoxygenated blood from the tissues flows to the heart where it is then pumped to the gills. Blood is then oxygenated by the gills, travels out to the tissues of the body, and then returns to the heart. Some fish have also developed alternative behavioral and anatomical adaptations for absorbing oxygen. The Siamese fighting fish (Betta splendens), or Betta as it is often called, has small gills for its size. But it also has a special organ that allows it to absorb oxygen from the air using its mouth. This is an adaptation for living in rice paddies and shallow pools or ponds of water with little dissolved oxygen. You can easily observe this behavior when a Betta “gulps” air from the surface. 
In this laboratory exercise, you will compare a typical aquatic snail, with a goldfish, and Betta. While similar in size, all three species have different respiratory anatomy and physiology as described above. All of these organisms have respiratory systems that function well for their lifestyle. The question you will explore in this exercise is which species has a higher respiration rate, indicating a higher metabolic rate.
OBJECTIVES
Use a Vernier Optical DO Probe to measure the varying concentrations of dissolved oxygen in a sealed chamber.
Calculate the respiration rate of each organism based on weight. 
Determine which organism has a higher respiration rate.
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MATERIALS
Vernier data-collection software
Vernier interface
computer or Chromebook
Vernier Optical DO Probe
3 respiration chambers (small plastic container with lid)  
aquatic snail
Betta fish 
goldfish 
safety container (basin)
small fish net
aquatic pump and tubing with three airstones


PROCEDURE
Important note: Fish and snails are delicate organisms that can be injured by improper handling. Treat all animals with care and respect. 
1. Obtain a respiration chamber and lid. Record a tare mass (empty) for the container and lid. Record the tare mass in Table 1. 
2. Fill the respiration chamber with water. Make sure there is a small amount of air (1 cm) at the top of the chamber. Determine the mass of the container filled with water with the lid on. Record this mass in Table 1.
3. Remove the lid and gently place the snail into the respiration chamber. Replace the lid. Determine the mass of the respiration chamber with the snail. Record this mass in Table 1. 
4. Gently place the respiration chamber on your desk or lab station. Remove the lid and place an active air stone into the chamber. Allow the chamber to aerate for at least 10 minutes.
5. Repeat Steps 1–4 for the goldfish and Betta. Remember to allow the fish to equilibrate with an active air stone for at least 10 minutes. 
6. Remove all the air stones from the respiration chambers.
7. Connect the Optical DO Probe to the data-collection interface and start a new experiment in the data-collection software. Make sure the sensor is set to measure in mg/L. 
8. Gently place the Optical DO Probe into chamber that houses the snail. Wait two minutes for the readings to stabilize, and then record the value observed in Table 2.
9. Remove the Optical DO Probe from the chamber. Note the time. Gently cap the respiration chamber. 
	10.	Repeat Steps 8–9 for the goldfish and Betta.
	11.	After 20 minutes have elapsed, gently remove the lid from the respiration chamber that contains the snail.
	12.	Gently place the Optical DO Probe into the chamber. Wait 2 minutes for the readings stabilize. Record the value observed in Table 2.
	13.	Repeat Steps 11–12 for the goldfish and Betta.
	14.	Gently return the animals to the proper holding tanks as directed by your instructor. 

Data Table
	Table 1

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

	Snail 
	
	
	
	

	Goldfish 
	
	
	
	

	Betta 
	
	
	
	



	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 
	
	
	
	
	

	Goldfish 
	
	
	
	
	

	Betta 
	
	
	
	
	



Processing the data
1. Calculate the mass of the snail, goldfish, and Betta. To do this, subtract the mass of the respiration chamber when filled with water from the mass of the respiration chamber when it contains the organism. Record your calculations in Table 1.
2. Calculate the change in dissolved oxygen over time for each organism. To do this, subtract the starting dissolved oxygen level from the ending dissolved oxygen level for each organism. Record the change in dissolved oxygen level for each organism in Table 2.
3. Calculate the respiration rate for each organism. The time between readings for each organism was 20 minutes. Divide the change in dissolved oxygen level by 20 minutes to get the respiration rate per minute for each organism. Record your calculations in Table 2.
4. Calculate the respiration rate per minute per gram of tissue for each organism. To do this, divide the respiration rate by the mass of the animal. Record your calculations in Table 2.  
QUESTIONS
Answer the following questions using short answer or essay style answers. Please type or write your answers legibly in the space provided or on a separate piece of paper. 
1. Why is it important to take the mass of each animal into account in this experiment?  
2. Which organism had the highest respiration rate? 
3. Which organism had the lowest respiration rate?
4. Does your data support the hypothesis that a closed circulatory system supports a higher metabolic rate?
5. The Betta fish appears to have an intermediate metabolic rate. Why might this be? (Consider what you know about the animals’ life style and environment.
6. Squid are excellent hunters that prey on fish. Given what you know about circulatory systems, do you think cephalopods have an open or closed circulatory system? (Use resources to support your answer).  

