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(Wings of penguins reduce heat loss by formlng a countercurrent heat
exchanger via the vascular design.)
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A major adaptation that allows penguins to forage in cold water is the humeral arterial plexus, a
vascular counter-current heat exchanger (CCHE) through the flipper...Foraging exposes
penguins to water well below core body temperature and presents a constant threat of
hypothermia, a risk avoided in part by managing the flow of heat along the wing. [In most birds]
Blood is supplied to the wings of birds through a single major vessel that traverses the humerus
as the brachial artery...By contrast, the brachial artery of penguins splits into three to five major
vessels that traverse the humerus before anastomosing to two arteries at the humerus—radius
joint. Each humeral artery is associated with two or more veins to form a countercurrent heat
exchanger (CCHE), the humeral arterial plexus. Blood is supplied to the wing at core body
temperature (38.5 deg C), and outgoing arterial blood heats the cooler incoming venous blood at
the plexus; heat is thus conserved and returned to the body core instead of travelling further out
along the wing to become lost to cold water. The efficacy of the humeral plexus as a CCHE
mechanism has been demonstrated by up to 30 deg C internal temperature differences measured
between the shoulders and wingtips of penguins.
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“Penguins (Sphenisciformes) inhabit some of the most extreme environments on Earth. The 60+
Myr fossil record of penguins spans an interval that witnessed dramatic shifts in Cenozoic ocean
temperatures and currents, indicating a long interplay between penguin evolution and
environmental change. Perhaps the most celebrated example is the successful Late Cenozoic
invasion of glacial environments by crown clade penguins. A major adaptation that allows
penguins to forage in cold water is the humeral arterial plexus, a vascular counter-current heat
exchanger (CCHE) that limits heat loss through the flipper. Fossil evidence reveals that the
humeral plexus arose at least 49 Ma during a ‘Greenhouse Earth’ interval. The evolution of the
CCHE is therefore unrelated to global cooling or development of polar ice sheets, but probably
represents an adaptation to foraging in subsurface waters at temperate latitudes. As global
climate cooled, the CCHE was key to invasion of thermally more demanding environments
associated with Antarctic ice sheets.” (D. B. Thomas, D. T. Ksepka, R. E. Fordyce 2010)
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