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The primary adaptation that allows penguins to forage in cold water is the utilization of the
brachial artery bundle, also known as the counter-current heat exchanger (CCHE) located in their
flipper-like limbs. While foraging, penguins are exposed to water temperatures much lower than
their core body temperature, facing a persistent threat of hypothermia, partly mitigated by
managing the flow of heat along the wings.

In most birds, the wings are typically supplied with blood by a single main brachial artery that
crosses the humerus bone. However, in penguins, the brachial artery divides into three to five




main vessels, which then anastomose with two vessels at the humerus-radius joint. Each brachial
artery is connected to two or more veins, forming a counter-current heat exchanger, known as the
brachial artery bundle.

Blood, at a core body temperature of 38.5 degrees Celsius, is supplied to the wings of the
penguin. The arterial blood, upon exiting, heats up the cooler venous blood, thereby storing heat
and returning it to the body core, rather than dispersing it further into the cold water.
Measurements show an internal temperature difference of up to 30 degrees Celsius between the
penguin's shoulder and wingtips, further demonstrating the effectiveness of the brachial artery

bundle as a CCHE mechanism.
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“Penguins are generally smaller than the predicted minimum body size for marine endotherms.
Anatomical observations of the little blue penguin (Eudyptula minor) suggest that extant
penguins actively defeat the lower size threshold using regional heterothermy. The wing arteries
in the little blue penguin form a humeral plexus, a series of three parallel arteries (including the
marginal artery) that stem from the axillary artery, replacing a single brachial artery. Each artery
of the plexus is associated with at least two veins to form a counter current heat-retention system.
The humeral plexus thus restricts heat from entering distal areas of the wing and dissipating into
seawater, ultimately reducing the bulk mass required for heat production and insulation. Humeral
plexi are confirmed as a synapomorphic character of the Spheniscinae, with the humeral plexus
of E. minor most similar to that of the African penguin Spheniscus demersus. The humeral plexus
represents a loophole in body size minima of marine endotherms and offers insight into the

ecology of living penguins.”’(Daniel B. Thomas A B and R. Ewan Fordyce, 2007)

“Extant penguin wings are highly modified into a rigid paddle-like structure, equipped with
greatly reduced intrinsic wing muscles, and exhibit the lowest degree of intrinsic joint mobility of
any extant group of birds.” (Proc Natl Acad Sci U S A. 2007 Jul 10; 104(28): 11545-11550.)
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Penguin heat-retention structures evolved in a greenhouse Earth
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