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The peacock mantis shrimp, a multi-colored 5-inch crustacean that lives in coral reefs from
Guam to East Africa, hunts shellfish by smashing through their hard shells using its club-shaped
appendage. Its club travels faster than 50 mph (80 kph), exceeding the speed of a bullet from
a .22 caliber gun, traveling so fast that the seawater literally boils in the club’s wake. Their
formidable club makes members of this species dicey to keep in an aquarium, because they’ve
been known to punch through the glass.

The mantis shrimp’s club is made of intricately designed material to make it especially
crack-resistant. A strong calcium-based mineral surrounds the outside of the club. Below this
layer, the club’s design is dominated by the orientation of mineralized fibers.

The shrimp uses long chains of carbohydrates to attract, orient, and solidify inorganic
minerals out of the surrounding seawater. The resulting fibers of calcium carbonate and calcium
phosphate are biomineralized into circular layers, which resist sideways expansion during
impact, keeping the club together.

Between these circular layers, sheets of blended (composite) materials made of chitin and
protein are stacked one upon the other, each set of fibers rotated slightly from the fiber
alignment below. This creates a spiraled structure in cross-section, like a twisted stack of printer
paper. This spiraled region of the shrimp’s club helps absorb the impact from each blow, much
like a spring, and channels any cracks that do form in the club around within the club’s material,
weakening their force and preventing straight cracks from forming and splitting the club apart.
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“The endocuticle of this multiregional structure is characterized by a helicoidal
arrangement of mineralized fiber layers, an architecture which results in impact resistance and
energy absorbance.” (Grunenfelder et al. 2014: 1)

“Through experimental and computational methods, a helicoidal architecture is shown to
reduce through-thickness damage propagation in a composite panel during an impact event and
result in an increase in toughness. These findings have implications in the design of composite
parts for aerospace, automotive and armor applications.” (Grunenfelder et al. 2014: 1)
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