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Abstract

Lepetodrilus cristatus are small (<10 mm) archeogastropod limpets commonly found at deep sea hydrothermal vent sites at enormous densities (2100 per dm2) living on and around bacterial mats, where they may experience harsh physical and chemical environmental conditions including high and variable temperature fluctuations (1.5–60°C), high pressures (3 ×104 kPa), low and variable pH (2.8–8.), low and variable oxygen concentrations (0–110 mol/L), normally toxic levels of sulfides and heavy metals, and various mechanical predatory attacks. Limpets adhere strongly to substrates using pedal mucus and a muscular foot, thereby protecting its interior vulnerable soft tissues with a calcified exterior cone-shaped, open-coiled shell.  Scars reflective of shell damage repair and nonlethal attacks on Lepetodrilus are commonly observed in hot vent regions where potential predators such as zoarcid fish, galatheid crabs, and buccinid snails exist. In order to investigate the functional protection mechanisms of Lepetodrilus in surviving predatory attacks, the structure and properties of the shell of L. cristatus from the High Rise vent field on the Juan de Fuca Ridge, Northeast Pacific (2200m depth) as investigated. Scanning electron microscopy (SEM) imaging revealed a multilayered structure composed of an outer proteinaceous periostracum (~2 m thickness), followed by an inner aragonite-based, crossed-lamellar calcified layer bounded by narrow inner and outer prismatic layers(~70 m thickness). Spatially-specific instrumented nanoindentation was employed quantify the local mechanical properties of the L. cristatus periostracum and aragonite-based shell and found to possess indentation stiffness values of approximately 8 and 70 GPa, respectively, and indentation hardness values of 0.2 and 2 GPa, respectively. Microhardness experiments at various loads (0.098 N, 0.49 N, 0.98 N) using a Vickers tip geometry were conducted and yielded microhardness values for the calcified shell ranging from 0.89 to 1.16 GPa. SEM imaging of the residual microhardness indents shows that the initiation of cracks in the calcified shell took place at the highest indentation load (0.98 N) and cracks were prone to propagate anisotropically parallel to the interlayer interfaces, thus avoiding the catastrophic fracture of the entire shell structure. The results reported may be able to provide improved guidelines for the design of human synthetic engineered protective defense applications.
