Sperm whales: Fatheads of the deep
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Left: Silhouette of a sperm whale, showing the spermaceti organ, a huge enlargement of the snout that lies above the upper jaw. Right: A drawing of a sperm whale eating a squid.
Studies of sperm whales have uncovered another way in which triacylglycerols are biologically useful. The sperm whale's head is very large, accounting for over one-third of its total body weight (Fig. 1). About 90% of the weight of the head is made up of the spermaceti organ, a blubbery mass that contains up to 3,600 kg (about 4 tons) of spermaceti oil, a mixture of triacylglycerols and waxes containing an abundance of unsaturated fatty acids. This mixture is liquid at the normal resting body temperature of the whale, about 37 °C, but it begins to crystallize at about 31°C and becomes solid when the temperature drops several more degrees.
The probable biological function of spermaceti oil has been deduced from research on the anatomy and feeding behavior of the sperm whale. These mammals feed almost exclusively on squid in very deep water. In their feeding dives they descend 1,000 m or more; the record dive is 3,000 m (almost 2 miles). At these depths the sperm whale has no competitors for the very plentiful squid. The sperm whale rests quietly, waiting for schools of squid to pass. For a marine animal to remain at a given depth, without a constant swimming effort, it must have the same density as the surrounding water. The sperm whale can change its buoyancy to match the density of its surroundings-from the tropical ocean surface to great depths where the water is much colder and thus has a greater density.
The key to the sperm whale's ability to change its buoyancy is the freezing point of spermaceti oil. When the temperature of liquid spermaceti oil is lowered several degrees during a deep dive, it congeals or crystallizes and becomes more dense, thus changing the buoyancy of the whale to match the density of seawater. Various physiological mechanisms promote rapid cooling of the oil during a dive. During the return to the surface, the congealed spermaceti oil is warmed again and melted, decreasing its density to match that of the surface water. Thus we see in the sperm whale a remarkable anatomical and biochemical adaptation, perfected by evolution. The triacylglycerols synthesized by the sperm whale contain fatty acids of the necessary chain length and degree of unsaturation to give the spermaceti oil the proper melting point for the animal's diving habits.
Unfortunately for the sperm whale population, spermaceti oil is commercially valuable as a lubricant. Several centuries of intensive hunting of these mammals have depleted the world's population of sperm whales.
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1.	What biochemical feature of spermaceti oil allows for sperm whales to change their buoyancy? How does this relate to lipid packing? Explain how this works.
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________

2.	Why can’t sperm whales maintain their buoyancy in deep water by constant swimming like other organisms that take deep dives?
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________

3.	Why did this evolve in this first place? Why can’t sperm whales eat food that lives in shallower waters?
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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