Thermoregulation Activity (25 points)
Learning Objectives: 
Students will be able to:
1) Visualize how surface area to volume ratio and body adjustments influence the rate of warming in body temperature
2) Use different approaches to measure the body temperature of a reptile
3) Understand the important of operative temperature models and how they compare with models lacking properties reflective of thermal gain and loss in living reptiles
4) Analyze and interpret findings of temperature change in models with different sizes, postures, and thermal properties.
Background:
Temperature is a primary factor regulating performance, survival, and the ability to be active for reptiles and amphibians. As a result, many reptiles and amphibians thermoregulate by changing their posture, body position, location, or habitat. However, body size plays an important role in determining how quickly heat gain and loss occurs. In particular, animals with high surface area (SA) and low volume (V) tend to experience quicker rates of heating and cooling, than those with low surface area and high volume. Therefore, animals of different size and shape may differ in thermal constraints and respond differently to heating and cooling.
As a result of the influence of temperature on ectotherms, especially reptiles and amphibians, researchers often seek to quantify body temperatures in nature, to better understand persistence and performance. There are multiple approaches to quantifying body temperature. In this activity, we will focus on two methods of quantify body temperature, use of a cloacal probe and thermal imaging camera. Alternatively, to directly taking body temperatures of active animals, operative temperature models (OTMs) can be made to mimic thermal properties of heat gain and loss of living animals, and placed in the environment to collect temperature data. In this activity we will also explore the use of OTMs and examine the differences in OTMs and other types of models which fail to mimic thermal properties of live animals.
Activity:
In this activity you will explore how body position and size influences the rate of heating, how to quantify body temperature in animals with cloacal probes and a thermal imaging camera, and how play doh models (lacking thermal properties of live animals) compare to OTMs designed to mimic live animals, specifically wall lizards (Podarcis muralis). We will focus on snakes and lizards in this specific exercise. 
Materials
· Two containers of Play Doh 
· Two heat lamps 
· Thermal imaging camera 
· Cloacal temperature probe 
· Timer/stopwatch 
· Operative temperature model 

Lizard Activity
1. Divide your Play Doh so that you have two balls of the same size (~ the size of a golf ball), and one ball that is smaller. You do not need to use all of your Play Doh - the larger balls should not exceed golf ball size, or they will take too long to heat up for class time. 
2. Form each ball into shapes resembling lizards without limbs (but including a tail). You should end up with two lizard models of the same size and shape, and one lizard model that is smaller in size but of the same shape. You should also have an operative temperature model, made to mimic thermal heat gain and loss of Podarcis muralis.
3. Take one of the larger models and flatten the body to represent a lizard thermoregulating through increasing contact with the surface of the ground. The tail and head do not need to be flattened.
4. Next you will use the cloacal probe to take the internal body temperature of all three Play Doh models and the operative temperature model. To do this, insert the probe in the center of the back of the Play Doh models so that it is approximately at the center of the body (depth and length-wise). For the OTM, there is a small hole on the back left side where the probe can be inserted. Record the starting temperature of each model on your datasheet. Note, in living lizards the probe would be inserted into the cloaca. However, we are not inserting the probe where the cloaca is located because handling the models too much will change their temperature. Also, we do not have to insert the probe in the location of a cloaca because unlike real lizards, we can make a hole on the top to reach the center of the body.
5. Place the models next to each other, with the heat lamp ~5 inches over the models. Each model should be under the light, equally distributing the heat as much as possible. Begin recording time, and let the models sit under the lamp for at least 2 minutes.
6. Use the cloacal probe again on the models, recording body temperature using the same hole previously made on each model. Record the time that has passed and restart the timer.
Note: You may have to wait for other groups to finish with the probes before doing this step if there are not enough probes for each group. You can start the snake activity while you wait for the probes, leaving the lizards under the lamps.
7. Wait at least another 2 - 3 minutes and repeat step six. Record the time elapsed from the previous interval. Your models should stay under the lamp for a minimum of six minutes, or longer. 
Snake Activity
1. Divide your Play Doh into three equal balls.
2. Roll each ball into a long, cylindrical piece of approximately equal length and diameter. This should create three snake models. 
3. For one snake, press it flat to resemble a snake flattening itself to the ground to thermoregulate. 
4. For another snake, wrap it into a coiled snake position. You may need to press the clay together slightly to make sure it stays in place. There should not be gaps between sections of the coil.
5. Leave the third snake as it is. 
6. Place the models close to each other. Using the thermal imaging camera, look at the body temperatures of each snake model. Record body temperature for the center of each model on your data sheet. Additionally, take notes describing the temperature distribution on each model represented by the heat map on the camera. For example, you may describe if the model appears uniform in temperature or if some regions appear warmer or cooler. 
7. Place the heat lamp ~5 inches over the models. Each model should be under the light, equally distributing the heat as much as possible. Begin recording time, and let the models sit under the lamp for at least 2 minutes. 
8. Look at the models again with the thermal imaging camera, recording body temperature again for the same location on each model. Take notes again describing the temperature distribution on each model represented by the heat map. Do some models seem to be heating more uniformly than others? Record the time that has passed, and restart the timer. 
Note: You may have to wait for other groups to finish with the camera before doing this step, which is okay. If you haven’t done the lizard activity, start that while you wait.
9. Continue to allow the models to sit under the heat lamp. After at least 2-3 more minutes, repeat step eight. Your models should stay under the lamp for a minimum of six minutes, or longer. Record the time that has elapsed from the last interval.



















Data Entry (1 point per table): 
Input temperature readings and time elapsed between each reading in the tables below. Note the model type is listed above each table. The analyses section in this document explains how to calculate temperature change and rate of heating. You should have at least three temperature readings for each model.
Lizard Activity
Model: Small
	Temperature (̊C)
	Time Elapsed (min)
	Temperature Change (̊C)
	Rate of Heating (Degrees ̊C/Min)

	
	0
	NA
	NA

	
	
	
	

	
	
	
	

	
	
	
	



Model: Flattened, Medium
	Temperature (̊C)
	Time Elapsed (min)
	Temperature Change (̊C)
	Rate of Heating (Degrees ̊C/Min)

	
	0
	NA
	NA

	
	
	
	

	
	
	
	

	
	
	
	





Model: Medium Unflattened
	Temperature (̊C)
	Time Elapsed (min)
	Temperature Change (̊C)
	Rate of Heating (Degrees ̊C/Min)

	
	0
	NA
	NA

	
	
	
	

	
	
	
	

	
	
	
	



Model: Operative Temperature Model
	Temperature (̊C)
	Time Elapsed (min)
	Temperature Change (̊C)
	Rate of Heating (Degrees ̊C/Min)

	
	0
	NA
	NA

	
	
	
	

	
	
	
	

	
	
	
	











Snake Activity
Model: Coiled
	Temperature (̊C)
	Time Elapsed (min)
	Temperature Change (̊C)
	Rate of Heating (Degrees ̊C/Min)
	Notes on Imaging & Heat Distribution

	
	0
	NA
	NA
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Model: Flattened
	Temperature (̊C)
	Time Elapsed (min)
	Temperature Change (̊C)
	Rate of Heating (Degrees ̊C/Min)
	Notes on Imaging & Heat Distribution

	
	0
	NA
	NA
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	








Model: Rounded
	Temperature (̊C)
	Time Elapsed (min)
	Temperature Change (̊C)
	Rate of Heating (Degrees ̊C/Min)
	Notes on Imaging & Heat Distribution

	
	
	NA
	NA
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Analyses:
1. Calculate the rate of temperature change for each model at each time interval, for lizards and snakes. To do this, first find the difference between each subsequent temperature reading (temperature change). Next, divide the difference in temperature (temperature change) by the amount of time elapsed between each reading, equaling the rate of heating.  
Formula: Rate of Heating (Degrees/Min) = 
Example Table: 
	Temperature (̊C)
	Time Elapsed (min)
	Temperature Change (̊C) 
	Rate of Heating (Degrees ̊C/Min)

	19
	0
	NA
	NA

	21
	2
	2
	1

	24
	6
	3
	0.5




Discussion Questions (2 points each):
Lizard Activity:
1. a. Did the OTM differ in rate of temperature change from the Play Doh models? Explain your answer. 








b. What advantage does an OTM have that Play Doh does not for estimating body temperature of a living ectotherm?







2. Did you find a difference in the rate of temperature change between the flattened and unflattened medium sized models? Explain why you may have found your result.









3. a. Did you find a difference in the rate of temperature change between the small and medium sized model? 



b. Do you think surface area to volume ratio influenced the rate of warming? Explain your answer.



Snake Activity:
1. Did you find a difference in the rate of temperature change between the flattened and unflattened snake models? Why do you think you got your results? 








2. Did you find a difference in the rate of temperature change between the coiled snake and the uncoiled snakes? Why do you think you got your results? 









3. Did you notice any differences in how heat was distributed along the body of each model when you viewed the thermal image? Why?





Surface Area to Volume Ratio
1. Explain how surface area to volume ratio influences the rate of temperature change, and why that may be important to consider when studying reptiles and amphibians.





Methods:
1. What pros and cons do you think the thermal imaging camera and cloacal probe have? Explain your answer.










2. Explain times when it may be better to use one method for collecting temperature over another, among OTMs, cloacal probe, and thermal imaging. Provide examples of use for each method.
