Comparative Respiration in Arthropods 
(A comparison between the respiratory systems of arachnids and insects)

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 Arthropoda contains many diverging evolutionary lineages, including two major terrestrial Classes: Class Arachnida (comprising the spiders and scorpions) and Class Insecta (comprising the insects). Arachnids and Insects have developed different respiratory systems for exchanging atmospheric gases in terrestrial ecosystems. 
Most members of the Arachnida, including spiders and scorpions, have book lungs. Book lungs are located on the ventral surface of the abdomen where airflow passes through spiracles located on the ventral or lateral sides of the body. The book lungs consist of folded tissue alternating with air pockets to increase the surface area available for gas exchange. O2 diffuses across the tissue and into the hemolymph (blood) for distribution via the circulatory system, and CO2 is returned to the book lungs where it is expired as waste. 
Insects have a respiratory system that consists of many spiracles down the side of the body. This directs airflow from the environment into a complex system of branching tracheae that further branch into tiny (0.1–1 µm) blind-ended passages called tracheoles that extend deep into the tissue. The tracheal system exists throughout the body and air is able to move through the system in many directions. Gas exchange takes place across the tissue membranes, and, as in book lungs, CO2 is then released by the spiracles back out into the environment.  
In this laboratory exercise, you will compare a typical large-bodied arachnid, the giant hairy desert scorpion, Hadrurus arizonensis, with a similarly sized insect, the Madagascar hissing cockroach Gromphadorhina portentosa. These two species, while similar in size, have different morphology and respiratory anatomy as mentioned above. Both species have evolved to occupy very different habitats and have very different foraging behaviors. Giant hairy desert scorpions live in hot, arid desert environments and survive with minimal amounts of water and food.  Scorpions, like many arachnids, are ambush predators that remain still until prey is close and then seize it. Scorpions can survive long periods of time between meals. Hissing cockroaches live in warm, humid tropical environments where food is plentiful and are an omnivorous foraging species that eats frequently.
Both 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, and therefore a more efficient system for gas exchange?
OBJECTIVES
Use a CO2 Gas Sensor to measure the varying concentrations of CO2 gas in a sealed chamber.
Calculate the respiration rate of each organism based on weight and CO2 levels produced over time.
Determine which organism has the most efficient respiratory system based on which organism has the higher respiration rate.
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MATERIALS
LabQuest
LabQuest App
Vernier CO2 Gas Sensor
respiration chamber 
parafilm (as needed) 
1 giant desert hairy scorpion
1 Madagascar hissing cockroach
scale
weighing container and lid
long forceps
safety container (basin)


PROCEDURE
Important note: Both scorpions and cockroaches are delicate organisms that can be injured by improper handling. Treat both animals with care and respect. Scorpions are capable of stinging, so always handle them gently with forceps over a safety container that will catch them if they fall. Cockroaches can be picked up by hand, but take care not to drop them.
1. Connect the CO2 Gas Sensor to LabQuest and choose New from the File menu.
2. Wrap a few layers of stretched Parafilm around the CO2 Gas Sensor barrel, taking care not to block the air circulation holes. This will ensure a tight fit with the respiration chamber.
3. Insert the CO2 Gas Sensor into the hole cut in the side of the respiration chamber. If needed, use additional Parafilm to make sure it is well sealed. 
4. On the Meter screen, tap Rate. Change the data collection rate to 0.25 samples/second and the data collection duration to 900 seconds. 
5. Obtain a weighing chamber and lid and record a tare mass (empty weight) for the container and lid. Record the tare mass in Table 1. 
6. Obtain an animal and gently place it into the weighing chamber, then secure the lid. Weigh the animal in the container with the lid on and record the total mass in Table 1. Note: Use caution when handling organisms. Additional instructions and assistance will be provided by your instructor. 
7. Calculate the animal mass by subtracting the tare mass from the total mass of the container, lid and animal. Record your calculated animal mass in Table 1.
8. Carefully move the animal subject from the weighing container to the respiration chamber, then secure the lid, snapping it down to create a tight seal. Let the animal acclimate for 60 seconds.  
9. Start data collection. Note: Do not disturb the respiration chamber during data collection.
10. Determine the respiration rate of the organism.
Choose Curve Fit from the Analyze menu on the Graph screen.
Select Linear for the Fit Equation to perform a linear regression.  
Record the respiration rate, the slope of the line, m, in Table 2 or 3 (depending on animal). 
Select OK.

11. Store the data from the first run by tapping the File Cabinet icon.
12. Repeat Steps 5–12 for your other animal subjects. 
13. When data collection has finished, choose Save from the File menu to save your data for further analysis.
14. Collect the remaining data for Tables 2 and 3 from the rest of the class. 
DATA
Table 1.  Animal weights
	
	Organism

	
	INSECT
	ARACHNID

	Total mass of animal and container (g)
	
	

	Tare mass of container (g)

	
	

	Mass of animal (g)
	
	



Table 2. Class data for cockroaches
	INSECT

	Measurements

	Animal 
	Respiration rate 
(ppm/s)
	Animal mass (g)
	Respiration rate per second per tissue mass (ppms-1g-1)
	Respiration rate per minute per tissue mass 
(ppmmin-1g-1)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	



Table 3. Class data for scorpions
	ARACHNID

	Measurements

	Animal 
	Respiration rate 
(ppm/s)
	Animal mass (g)
	Respiration rate per second per tissue mass (ppms-1g-1)
	Respiration rate per minute per tissue mass 
(ppmmin-1g-1)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	



Table 4
	Organism
	Mean respiration rate (ppmmin-1g-1)
	Standard deviation
	Standard error

	Insect
	
	
	

	Arachnid
	
	
	



Processing the data
1. Calculate the respiration rate per second per gram of tissue by dividing the respiration rate by the mass of the animal. Record your calculations in Tables 2 and 3. 
2. Calculate the respiration rate per min per gram of tissue by multiplying the values you calculated above by 60.
3. Calculate the mean, standard deviation, and standard error for your insect and arachnid. Use the respiration rate per min per gram of tissue for these calculations. Record your calculations in Table 4. Note: Standard error is the standard deviation divided by the square root of the number of subjects tested.

QUESTIONS
Using the class data as your reference, answer the following questions using essay style answers. Please type or write your answers legibly on a separate piece of paper. 
1. What was the average respiration rate per gram of the cockroach? The scorpion? 
2. Why is it important to take weight of each animal into account in this experiment?  
3. Which organism appears to have the more efficient respiratory system? Why might this be? (Consider what you know about the animals’ life styles and environments, as well as their anatomical differences.)

Extention
1. 	Perform a one-tailed t-test in determine the p-value for your data. Were your data statistically significant, as analyzed by t-test? How do you know? 
