· Example of one environmental challenge to physiology: heat balance/thermal ecology of animals.
· Modes of heat gain and loss; homeostasis.
· Size shape insulation evaporative cooling 
· Tradeoff principle and adaptive compromises.
· Basic process of heat exchange;
· Radiation – heat transfer by electromagnetic radiation.
· The hotter you are, the more heat you lose by radiation.
· Conduction – transfer by direct contact with substrate (e.g. feet loose heat to the ground).
· Two solid objects are in contact with each other.
· Convection – heat transfer mediated by moving fluid (usually air or water, e.g. wind chill).
· Involved amplification of heat exchange, b/c involved with fluids transferring heat.
· Evaporation – efficient cooling from wet surfaces.
· Effective if surface is wet, water has a high heat of evaporation, requires a lot of energy for change of state.
· Redistribution – circulatory system redistributes heat among body parts.
· E.g. core to appendages.
· Most of our heat is generated by muscular actions.
· We lost heat through our lungs, by breathing out.
· Size matters to heat balance;
· Homeostasis and surface area: volume ratio
· The smaller the surface area, the larger the radius, and it will equilibrate most slowly.
· SA:V Goes up as the square of the linear dimension.
· Surface area determines equilibration rate.
· It is what radiates heat.
· Volume provides the inertia.
· More volume is more heat.
· It determines how much heat we have.
· Big objects are faster to change temperature.
· Size matters;
· Bergmann’s rule: homeotherms tend to be larger at higher latitudes (colder at higher latitudes)
· E.g. bears are an example that obey thing rule.
· Their surface area:V ratio is much bigger for polar bears compared to normal bears.
· Another example: rats.
· The higher the mean annual temperature, the lower the body weight.
· An exception?
· The elephant  they are a very big land mammal, and are in one of the hottest places of the world.
· However, in the fossil records, there were furry mammoths, which lived in the arctic poles, and were much bigger than the African elephant.

· Shape matters:
· Sphere has least SA:V ratio.
· Sometimes particular shapes are needed for function.
· Resulting in tradeoffs and adaptive compromises.
· Vertebrate animal with highest SA: V ratio? Chrysopelea gliding snake, Borneo; restricted to warm tropics.
· Seen to be extremely flat.
· Because it glides, it shows that it spends most of its lifestyle glides up and down trees.
· Vertebrate animal with smallest SA: V ratio?
· Pika, ochotona princeps: alpine tundra rabbit; restricted to cold habitats; note spherical shape, reduced ears for a rabbit.
· Allen’s rule: appendages reduced in cold climates – arctic and desert hares.
· Arctic hares has short legs, which are tucked into their body, neck hunched in, all in the attempt to be spherical  minimizes SA:V 
· Desert hares  maximizes SA:V 
· Insulation is even more important than size/shape.
· Water is more demanding of body heat than air is.
· Sheep: have tremendous amount of wool, used for insulation.
· Insulation creates pockets of trapped air.
· Shaving is also important  reduce drag and air resistance  important for aquatic animals.
· Cross-section of seal;
· 58% of CA is blubber which is fat.
· They need this blubber for insulation as they live in cold environments.
· Why is it in the form of blubber instead of fur?
· They couldn’t use that long hair as it would cause a lot of friction in the water.
· Hair and feathers can provide adjustable insulation:
· Convective cooling enhanced by vascularization.
· Heat is transferred to blood vessels.
· warm climate rabbits have lots of blood vessels in ears (↑ vascularization) to cool rabbit
· countercurrent circulation to limbs conserves heat:
· arteries and veins should be appressed in appendages to conserve heat; separated in appendages designed to shed heat.
· Countercurrent flow maintains gradient, so heat is always flowing from outgoing blood to incoming blood.
· Convection enhanced by evaporation;
· Sweating 
· Panting 
· Licking themselves.
· Spraying water on themselves.
· Elephants can take up a mouthful of water and give themselves a shower to keep cool (directing water to giant ears as has the largest surface area).
· Conduction enhanced by finding cool spots.
· Animals try and find areas of the environment that are cool in order to cool down. 
· E.g. koalas on tree trunks.
· Reconciling an apparent paradox:
· Weasels are small predators, short-furred, very long and thin.
· Animals can’t just adapt to thermoregulation if it can cause other problems.
· Weasels in winter: ermine: active all year; camouflaged for snowy winter.
· Weasels have a high SA: V ratio,
· Fat weasels would do better than skinny weasels in the winter.
· There are weasels that do live in cold environment.
· Being long and skinny can be a disadvantageous in winter for weasels.
· [bookmark: _GoBack]Weasels were placed in a cold environment and were observed to curl into flat discs whereas wood rats curls up into a ball  therefore weasels lose heat more easily.
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