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38th Lecture
Mon 20 April 2009

Vertebrate Physiology
ECOL 437 (MCB/VetSci 437)
Univ. of Arizona, spring 2009

Kevin Bonine & Kevin Oh

Energetics
Thermal Physiology
Ectothermy
Endothermy
Chapters 7-9

Scheduling...
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Housekeeping, Mon 20 April 2009

Readings
Mon 20 Apr: Ch 7&8 (Metabolism & Energetics)
Wed 22 April: Ch 9 (Thermal Physiology)
LAB: Nutrition & Metabolism Lab (McWilliams et al. 2004)
Fri 24 April: Ch9 (Thermal Physiology) 
Mon 27 April: Exam 3
Wed 29 April: Bird Physiology (Dr. Oh, guest)
LAB: Research Proposal Review Panel

Fri 13 Feb = Exam 1
Final research proposal due 10 am Fri 24 April
Third exam: Monday 27 April



Dale Purves, M.D.
Director, Center for Cognitive Neuroscience
George Barth Geller Professor for Research 
in Neurobiology
Duke University

“Why We See What We Do: Exploring
Vision in Wholly Empirical Terms”
Tuesday, April 21, 2009
Harvill Room 150 4:00 PM
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Thermal Physiology
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Microhabitat

(17-10)
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Endothermy

Ectothermy

HomeothermyHeterothermy
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Thermoregulation

Cardiovascular control of heating and cooling

- Cardiac Shunts
- Peripheral Vasodilation

Pough et al., 2001

Pough et al., 2001
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Heat Windows

(17-28)

Rabbit Ears
Guanaco
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Hot Body, Cool Brain

Keep brain cool during prolonged 
increased organismal activity:

-Countercurrent

-Carotid Rete

(17-33)
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Pyrogens

Fever

(17-36)

Dipsosaurus
dorsalis
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Temperature Set Point
(season, reproductive state, infection)

Hypothalamus functions 
as thermostat

Pough et al., 2001

Physiology and Behavior

Neuronal Control of Thermoregulation

(17-27)
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Countercurrent Heat Exchange

Endotherms in the COLD…
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Knut Schmidt_Nielsen 1997
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Thermogenesis

Shivering (or locomotion)
antagonistic muscle contractions
heat byproduct

Non-shivering
fats metabolized, 

but produce heat instead of ATP
brown fat specialized

sympathetic stimulation:
1. ATP hydrolysis used to pump ions needlessly
2. Proton leakage in mitochondria, 

rather than production of ATP
in presence of thermogenin

Endotherms in the COLD…



17

Endotherms in the COLD…

Shivering (or locomotion)
-antagonistic muscle contractions

heat byproduct

Non-shivering
fats metabolized, but produce 

heat instead of ATP
- brown fat specialized

Thermogenesis

(17-22)
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Ectotherms in the COLD

Freeze Tolerance vs. Supercooling/Antifreeze

(17-14)

-Extracellular
Nucleation

-[Solute]

-Rate
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Thermoregulation

Freezing - ice crystal formation
-alter osmolality
-physical destruction

Freeze Resistance
supercool
prevent ice crystals
(Sceloporus jarrovii)
(Chrysemys picta)

Pough et al., 2001
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Thermal Neutral Zone

(Eckert 17-21)

Within TNZ:
-Vasomotor
-Posture
-Insulation

fluff fur/feathers

Critical Temperature
Lower Upper

Below TNZ:
-Increase metabolism

above basal

Above TNZ:
-Cool via evaporation
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Knut Schmidt_Nielsen 1997
Knut Schmidt_Nielsen 1997

birds
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Would you rather be an ectotherm or an endotherm?

COST/BENEFIT ANALYSIS
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Ectothermy vs. Endothermy

1. Ectotherms
-lower metabolic rate 
-require less water
-require less food (foraging time)
-greater proportion energy into growth and repro

-small body size works (different shapes)

-reliant on environmental heat sources
-seasonal and daily limits on activity
-low aerobic capacities

2. Endotherms with ‘opposite’ costs and benefits
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Small Group Discussion

In the context of environmental physiology:

What are the three biggest environmental challenges 
(broadly defined) that vertebrates face?

What are the three most important (common?) 
cellular-level physiological processes that you have 
encountered this semester?


