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DESCRIPTION

Lobsters, particularly the species Homarus americanus (American
lobster), are well known for their powerful claws, which serve a
variety of functions in their daily lives. These claws are not only
critical for feeding and defense but also represent a remarkable
example of natural engineering. The mechanical properties of the
lobster claw exoskeleton have been the subject of extensive
research, as understanding these properties can provide insights
into materials science and engineering. This article delves into
the structure and mechanical properties of the lobster claw
exoskeleton, highlighting its composition, function and how
these properties contribute to the claw's strength, durability and
functionality.

The exoskeleton of the lobster claw is composed of several layers,
each contributing to its overall mechanical properties. The
primary material is chitin, a longchain polymer of N-
acetylglucosamine, which is a derivative of glucose. Chitin forms
the basis of the exoskeleton and is similar in structure to
cellulose found in plants. However, chitin alone is not sufficient
to provide the necessary strength and rigidity. The exoskeleton
also contains a matrix of proteins and minerals, primarily
calcium carbonate, which work in tandem with chitin to create a
composite material with superior mechanical properties.

The chitin within the exoskeleton is organized into microfibrils,
which are embedded in a matrix of proteins. These proteins play
a significant role in the mechanical behavior of the exoskeleton,
providing elasticity and toughness. The interaction between
chitin and proteins results in a material that can absorb and
dissipate energy, reducing the likelihood of damage under stress.

The addition of calcium carbonate to the exoskeleton enhances
its hardness and stiffness. This mineralization process occurs in
the form of calcite, a crystalline form of calcium carbonate. The
degree of mineralization varies within different parts of the claw,
with the tips of the claws typically being more heavily mineralized
to withstand the forces exerted during feeding and combat.

The lobster claw exoskeleton has a layered structure, with each
layer contributing to its overall mechanical properties. The
outermost layer, known as the epicuticle, is thin and waxy,
providing a barrier against water loss and microbial invasion.
Beneath this layer is the exocuticle, which is highly mineralized
and provides the majority of the exoskeleton's hardness. The
innermost layer, the endocuticle, is less mineralized and more
flexible, allowing the claw to absorb impacts without fracturing.

The mechanical properties of the lobster claw exoskeleton are a
result of its composite structure and the interaction between its
various components. These properties include hardness,
toughness, flexibility and the ability to resist fractures under high
stress.

Hardness is a measure of a material's resistance to deformation
and in the case of the lobster claw exoskeleton, it is primarily due
to the high mineral content in the exocuticle. The calcified
regions of the exoskeleton are particularly hard, allowing the claw
to exert significant force without being damaged. This is
especially important for the crusher claw, which is used to break
open the shells of prey such as mollusks. The hardness of the
exoskeleton ensures that the claw can apply the necessary
pressure without sustaining wear or damage over time.

Toughness refers to the ability of a material to absorb energy and
deform without breaking. The lobster claw exoskeleton achieves
toughness through the combination of its chitin-protein matrix
and its layered structure. The flexibility of the endocuticle allows
the claw to bend slightly under pressure, while the tough protein
matrix within the chitin fibrils helps distribute stress and prevent
cracks from propagating. This balance between hardness and
toughness is critical for the claw’s functionality, as it allows the
lobster to apply significant force without risking fracture.

While the exoskeleton is designed to be hard and tough, it must
also retain a degree of flexibility to function properly. The
endocuticle's lower mineral content allows for this flexibility,
which is vital for the claw's movement and its ability to grasp and
manipulate objects. This flexibility is also essential during molting,
when the lobster sheds its old exoskeleton and forms a new one.
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The exoskeleton must be flexible enough to allow the lobster to
extract itself from the old shell and expand to accommodate the
new one.

The lobster claw exoskeleton is designed to resist fractures even
under high stress. This is achieved through its hierarchical
structure, which helps distribute and absorb stress. The
alternating layers of mineralized and less mineralized material
create a situation where cracks are deflected and energy is
dissipated before they can propagate through the exoskeleton.
Additionally, the fibrous nature of chitin allows for the bridging
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of cracks, further enhancing the exoskeleton’s fracture
resistance.

The mechanical properties of the lobster claw exoskeleton are
finely tuned to the specific functions that the claws perform.
Lobsters have two distinct types of claws: the crusher claw and
the cutter (or pincer) claw, each of which has evolved to perform
different tasks. The crusher claw is larger and more robust,
designed to break the hard shells of prey, while the cutter claw is
more slender and used for cutting and tearing softer food.
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