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INTRODUCTION
The metabolic and respiratory rate of ecotherms is highly dependent on temperature. (Renault, et al. 2003) As temperatures decrease, ectotherms enter a state of dormancy where metabolism is greatly depressed. (Renault, et al. 2003) As oxygen is the final electron acceptor that facilitates aerobic production of ATP, a decrease in metabolic processes would mean a decrease in the need to uptake oxygen in order to fuel the anabolic processes that require an input of energy through cellular respiration. (Lalouette, et al. 2003) Based on the fundamental knowledge of the impact of temperatures on the rate of respiration of ectotherms such as the mealworm, it was determined that a decrease in temperature of 10oC below room temperature would lower the respiratory rate of mealworms compared to mealworms in an environment at 20oC. 
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MATERIALS AND METHODS
The study was carried out in the Life Science Building at York University. The model organisms used were small larvae called mealworms that were kept inside of a container with an abundance of food in order to ensure their survival. A closed manometer was used to determine the consumption of oxygen by the mealworms which was the dependent variable of the experiment. To determine the control, a test tube with soda lime and pieces of Kleenex was used to replicate the mass of the mealworms. Variables that were required to be kept constant were the mass of the mealworms, the temperature of the water, and the mass of soda lime. 
          Various supplies were required before the experiment could proceed. These included a tank, test tube rack, glass tubes, stopper assemblies, soda lime packets, a plastic pasteur pipetter, blue water and mealworms. When all the supplies were gathered the proper amount of mealworms (2 grams) were weighed using a scale. It was essential to use live mealworms, not including any food when measuring. The scale was zeroed before weighing the mealworms as they had to be put in a container. Two clear, glass tubes were used as the experimental tubes while one tube was used as a control tube. A soda lime packet was added to each experimental tube as well as the control tube. This ensured that all CO2 was removed from the system so that only oxygen consumption could be measured. The syringe plunger was then set to 2 and each end of the glass tube attached to the syringe assembly was stoppered. It was essential to make sure that the system was completely sealed so that are did not escape and alter the results. 3 to 5 millilitres of blue water was added to the open end of the plastic pasteur pipetter and the syringe was pulled so that the water droplet was in the proper starting position. Each system was allowed 
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to sit for 16 minutes while the mealworms consumed the oxygen in the closed system. The water droplet moved down the plastic pasteur pipetter over time and the distance it travelled in millilitres was recorded every 2 minutes. The fluid indicator was reset to the predetermined value of 5mL after the first systems completed testing. The first system tested was at 10oC and the second was at 20oC. Each system had 2 treatments so that experimental error could be minimized. Various statistics such as the mean SEM respiratory rate and the cumulative oxygen rate were recorded. Finally, the lab station was cleaned and the soda lime packets were returned to the T.A. 
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RESULTS:
The cumulative consumption of oxygen by the mealworms in both closed, manometric systems displayed noticeable trends. There was a clear correlation between the consumption of oxygen and the temperature of the system.  In the 20oC environment the cumulative consumption of oxygen stayed at a relatively constant rate. The slope of best fitting line for treatment 1 was  8.58mL of O2/hour  while the slope of 7.53 mL of O2/hour. These slopes have an SEM of +/- 0.27 and +/_0.24 respectively. The mean SEM was 1.05+/- 0.27 and 0.96+/- 0.24 , respectively. These lines both lie well within these calculated SEM values which shows that the lab was carried out fairly consistently. 
          The 10oC   system displayed a different pattern compared to the 20oC system. As time progressed, the rate of oxygen consumption decreased in correlation to a decrease in temperature. The slope of the best fitting line for treatment 1 was 5.73 of O2/hour and the slope of the best fitting line for treatment 2 was 6.00 of O2/hour. Clearly, the overall rate of oxygen consumption decreased compared to the rate of oxygen consumption at 20oC. These slopes had an SEM of +/- 0.15 and 0.21 respectively. The mean SEM was  0.89+/- 0.15 and 0.82+/- 0.21, respectively.  
          By analyzing the information from both this study and other groups of studies it was found that the results of each experiment were similar. The other two studies that were analyzed also displayed oxygen consumption by the mealworms when the temperature of the system was lowered. Lastly, the values for the control remained at 0 because there was no oxygen consumption within the system, only the consumption of CO2 by the soda lime pellets.
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Figure 1: Rate of Cumulative O2 Consumption Over 0.26 Hours and at 20
o
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Figure 2: Rate of Cumulative O2 Consumption Over 0.26 Hours and at 10
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Figure 3: Mean SEMs Associated With Each Treatment
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DISCUSSION:
Recent studies of various invertebrates have determined that decreased temperatures are coupled by a decreased oxygen capacity limit. (Stevens, 2010)  It was also noticed that metabolic rate decreases as the level of oxygen consumption decreases. (Stevens, 2010) Another study with the beetle Alphitobius Diaperinus, the adult version of the mealworm, stated that the rate of oxygen consumption decreased as temperature was lowed in 4OC increments to a minimal level of 12 OC. (Renault, 2003) The reason for this decreased oxygen consumption at lower temperatures is a result of  the reduced demand for ATP, essential protein synthesis, ion pump activity and various other aspects of basal metabolism. (Renault, 2003) 
           The results of this study are closely relate to the various studies mentioned above that determine the respiratory rate of various organisms in response to a decreased temperature. Both this study and the study on Alphitobius Diaperinus as well as two terrestrial arthropod species display a decrease in oxygen consumption as a result of decreased temperature. The organisms in this study were subjected to a coma like state  as described by Renault and his various colleagues in 2003 r. Another conclusion was also able to be made from the study after analyzing similar experiments and the current one studied. It was noticed that the decrease in oxygen level as temperature decreased was a result of decreasing metabolic processes in the mealworm (Renault, 2003) Also, by analyzing the work of other classmates the results displayed were nearly identical. All three groups displayed a correlation between the rate of oxygen consumption and a decrease in the temperature of the manometric system.
         
Relationship Between Oxygen Consumption and Decreased Temperature 11
 
          The hypothesis of the study was therefore confirmed through the experiments carried out and the results of various other studies and experiments that were researched. It was establishedthat a decrease in temperature of 10oC below room temperature would lower the respiratory rate of mealworms compared to mealworms in an environment at 20oC. Through the use of a manometric system and a formal procedure of measuring oxygen consumption the results of this study were proven to be correct and mimic the results of various other studies in the same field.
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