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Working with Data

A Hibernator’s Thermostat
(Textbook Figure 29.13)
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1. Implant a probe into the hypothaiamus of a iving ground squiel's
brain. Use the probe to heat or cool the hypothalamus directly
(1., without affecting the ambient temperature)

2. Manipulate the hypothalamic temperature T,
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3. Measure the animal's metabolic rate and body temperature
throughout the period of hypothalamic manipulation.
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CONCLUSION
The ground squirrel's hypothalamus acts as a thermostat. When
cooled it activates metabolic heat production; when warmed, it
suppresses metabolic heat production and favors heat loss.

ANALYZE THE DATA
‘The data below were recorded from an experiment in which the hypo-
thalamus of a ground squirrel was randormly cooled (T,) while the animal’s
metabolic rate (MR) was measured. T, is given in °C, MR is given in
calories per gram of body mass per minute.

T. MR T. MR T, MR

395 0040 %5 0038 375 0041
390 0041 360 0040 370 0039
385 0040 355 0060 345 0110
380 0038 350 0080 340 0140

A. Plot the data and describe what it tells you about the properties of the
hypothalamic thermostat

B. What is the threshold temperature for the metabolic heat production
response?
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Introduction
The first demonstration that thermoregulatory responses in mammals are controlled by the temperature of the hypothalamus was shown using dogs. The experiment shown in Figure 29.13 was done some years later on ground squirrels, which may seem to be unusual experimental animals. However, the question that drove these experiments had to do with hibernation (see Figure 29.14 of the textbook), an amazing adaptation of these animals for surviving winter conditions. During hibernation the body temperature of a ground squirrel drops close to that of its environment which under the snow in the mountains where these animals live might be 0oC. The question being asked was whether this drop in body temperature was a failure of thermoregulation and a return to a more primitive ectothermic condition, or whether these animals had a brain thermostat that could be adjusted over a broad range of temperatures and enable the squirrels to regulate their body temperatures at these low levels. The first part of the effort to answer this question was to investigate the properties of the brain thermostats of these animals when they were not hibernating. In the experiment shown in Figure 29.13 of the textbook, tiny stainless steel tubes were surgically implanted into the brains of ground squirrels in either side of the hypothalamus. By circulating water at different temperatures through these tubes and measuring the temperature of the hypothalamic tissue between the two tubes, it was possible to control the temperature of the squirrel’s brain thermostat. If the metabolic rate of the squirrel were measured at the same time, it was possible to correlate the heat production of the squirrel with the temperature of its hypothalamus.
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Links
(For additional links on this topic, refer to the Chapter 29 Investigation Links.)
Howard Hughes Medical Institute: Ask a Scientist
http://www.hhmi.org/askascientist/answers/why_do_we_feel_cold_when_we_have_a_fever.html
Analyze the Data
Question 1 (from textbook Figure 29.13)
The data below were recorded from an experiment in which the hypothalamus of a ground squirrel was randomly cooled (TH) while the animal’s metabolic rate (MR) was measured. TH is given in °C, MR is given in calories per gram of body mass per minute.
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7 The ground squirrel’s hypothalaus acts as a thermostat. When
cooled it activates metabolic heat production; when warmed, it
suppresses metabolic heat production and favors heat loss.

ANALYZE THE DATA

The data below were recorded from an experiment in which the hypo-
thalamus of a ground squirrel was randomly cooled (7,) while the animal’s
metabolic rate (MR) was measured. T, is given in °C, MR is given in
calories per gram of body mass per minute.

T, MR T, MR T, MR
39.5 0.040 36.5 0.038 375 0.041
39.0 0.041 36.0 0.040 37.0 0.039
38.5 0.040 355  0.060 345 0.110
38.0 0.038 350  0.080 34.0 0.140

A. Plot the data and describe what it tells you about the properties of the
hypothalamic thermostat.

B. What is the threshold temperature for the metabolic heat production
response?
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A. Plot the data and describe what it tells you about the properties of the hypothalamic thermostat.

B. What is the threshold temperature for the metabolic heat production response?

Question 2
Plot the data in Table 1 below with metabolic rate (the dependent variable) as values on the y-axis and with hypothalamic temperature (the independent variable) as values on the x-axis.

	Hypothalamic Temperature (ºC)
	Metabolic Rate

(cal gm–1 min–1)

	40.6
	.042

	40.5
	.068

	40.2
	.046

	40.0
	.066

	40.0
	.074

	39.6
	.043

	39.4
	.073

	39.0
	.070

	38.8
	.063

	38.7
	.055

	38.0
	.064

	37.9
	.052

	37.0
	.058

	37.0
	.063

	36.5
	.063

	36.0
	.072

	36.0
	.077

	35.5
	.082

	35.3
	.100

	35.3
	.106

	34.7
	.127

	34.5
	.164

	34.4
	.175

	34.2
	.158

	34.0
	.195

	34.0
	.199

	33.7
	.191

	33.7
	.160

	33.4
	.240


Table 1 Data for one squirrel
A. Do the data describe a continuous function?
B. How would you describe the data or separate components of the data as mathematical expressions? (Hint: To fit a line to data set that describes a linear relationship between two variables, you use a statistical method called linear regression).
Question 3
Plot these data in Table 2 below as you did for the non-hibernating squirrel in Question 2. Based on these two plots of data, what do you conclude about the nature of the brain thermostat of this mammalian hibernator?
	Hypothalamic Temperature (ºC)
	Metabolic Rate

(cal gm–1 min–1)

	10.2
	.0086

	9.0
	.0102

	10.2
	.0050

	10.4
	.0050

	10.5
	.0060

	7.6
	.0050

	6.8
	.0150

	6.6
	.0184

	6.9
	.0180

	7.5
	.0186

	7.2
	.0261

	7.4
	.0220

	7.2
	.0200

	7.0
	.0170

	6.6
	.0220

	6.6
	.0271

	10.0
	.0056

	9.0
	.0122

	9.5
	.0056

	8.6
	.0188

	8.0
	.0144

	10.0
	.0088

	6.7
	.0220

	9.6
	.0110

	4.5
	.0341


Table 2 Data for a squirrel in hibernation
© 2012 Sinauer Associates, Inc.

