Respiration and Photosynthesis, a Delicate Balance
The majority of marine organisms rely on oxygen to survive. Some on the other hand produce oxygen. They exist in a balance in which plants and other producers produce oxygen, putting it into the water, and animals consume oxygen in a process known as respiration. Producers are respire, however the amount of oxygen that they use is much greater than the amount of oxygen they consume. 
 	This lab is divided into two parts. In part one you will measure the rate at which respiration occurs in a marine vertebrate and a marine invertebrate, as well as measure photosynthesis in macroalgae. In part two you will also attempt to determine if there is a relationship between respiration rate and temperature in fish by measuring the amount of times they beat their gills in a minute.
Photosynthesis:
6H₂O + 6CO₂ + Sunlight/Energy In  C₆H₁₂O₆ + 6O₂
Respiration:
C₆H₁₂O₆ + 6O₂  6H₂O + 6CO₂ + Energy Out
Hypothesis
Write a hypothesis that addresses the following question: Do you think the respiration rate of different organisms will be different? Beneath your hypothesis explain why.



Prelab Questions
1) What might influence how much dissolved oxygen is in the water? Explain. (Hint: Think biologically and chemically)


Materials
Seawater 
Mason jars (with lids)
DO Titration Kit
Fish
An invertebrate (it’s preferable if the fish and invert are about the same size)
Macroalgae (same mass as fish/invert)
Procedure
Part 1
1) Label your mason jars fish, invertebrate, and algae.
2) Fill your jars with seawater to the top. 
3) Obtain an invertebrate, a fish, and an algae sample and place each into one jar. Close lid.
4) Place in an area where they will not be disturbed. Allow them to sit for one hour.
5) While the organisms are resting, collect another sample of seawater from the same source. Perform a DO titration and record the dissolved oxygen level. We will assume this is the dissolved oxygen for each of the jars since they all had the same source water.
6) After one hour remove the animals/algae from the jars and replace the lids. Perform the titrations for each of your three samples and record your data below.
	Type of organism
	Mass of organism
	Start time
	End time
	Initial DO concentration
	Final DO concentration
	Amount of DO consumed in hour
	Respiration rate


	

	
	
	
	
	
	

	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



1) Calculate the rate of respiration for each organism and fill in to table above. Be sure to include units.


2) Compare the rate of respiration for the fish and the invertebrate. How much macroalgae would be needed to support the fish and invertebrate?


3) Think of at least one thing that could have influenced the oxygen levels you found aside from the organism in the jar? Explain.


Part 2
1) Fill 3 mason jars with water. One with room temperature seawater, one with warm seawater, and one with cool seawater. Record the temperature of each in the table below. Before you put a fish in the jar, make sure that the cold and warm waters are within the tolerance range that your teacher has indicated for your fish.
	Temperature of Water
	# of Gill Beats

	
	

	
	

	
	



2) Put a fish in the first jar. Let it rest in the jar for 5 minutes before beginning your observation. 
3) Record the number of gill beats in a minute.
4) Repeat for the other two temperatures using the same fish.
5) Discuss with your group which type of graph you will make and which title you will put on each axis and graph the data for Gill Rate versus Water Temperature on the graph below.


















6) Is there a relationship between respiration rate and temperature? What other parameters might affect respiration. Explain.







7) Why did you let the fish sit for 5 minutes in each temperature before beginning respiration count? Explain.



8)  Why do you think there is there a relationship between respiration rate and water temperature? (Hint: think about chemistry not biology).



9) What would happen in an ecosystem that had more consumers of oxygen then producers of oxygen?



10) How much algae would be needed to support the fish and the invertebrate in a closed system?


Notes to Teacher:

· Although it’s preferable to keep all variables the same, if salt water fish are difficult to obtain or too expensive, the same experiment could be done with goldfish rather than marine fish. Check with your states policy on using vertebrates in the classroom before performing this lab. You should also know the temperature tolerance range for the species of fish you are using so as not to cook or shock them.
· When students are calculating respiration rate you should remind them to consider units. They could calculate O₂ consumed per organism/hour, or per g/hour, or any other unit you/they see fit. Remind them to keep that in mind (else you should decide for them what unit to use).
