Comparative Local Compliance of Scorpion Cuticle
The arthropod exoskeleton and integuments are composite biological materials consisting of fibrous chitin filements embedded in a matrix of proteins and other complex organic materials. This exoskeleton functions in a variety of ways from acting as the lens of the eye to serving as framework for force detector elements to serving as rigid skeletal elements making efficient locomotion possible.  Traditional arthropod phylogeny is entirely based on exoskeletal features. Our laboratory studies the phylogeny of scorpions and our work with SEM (scanning electron microscopy) has revealed a variety of patterns and structures of the scorpion cuticle that have taxonomic and physiologic importance.   In the current study, we attempt to extend our analysis of scorpion cuticle to the probing of its material properties. Previous work has shown that mechanical properties of different cuticular structures are correlated with their functions.   For this reason, we chose  to take measurements on the chela (claw) and the tail of Hadrurus arizonensis (fam. Iruridae).  This is a frozen sample.  Both of these body parts are multi-functional; consisting of cuticle associated with sensory structures and that which apparently serves a strictly musculoskeletal function.  Relative local compliance of various cuticular areas were obtained using atomic force microscopy.  The areas that we chose were ventral and dorsal surfaces of the the tail and the anterior and posterior surfaces of the claw (chela).  Specifically, on the claw we will measure the cuticle associated with a newly described field of sensory structures (constellation array) and that of the non-associated cuticle. AFM (atomic force microscopy) has a vertical (z-axis) range of less then 10 μm.  Because the cuticular surface of the scorpion tail has pits with depth greater than 100 μm the AFM probe placement is limited to locations between these pits.  
Contact mode AFM can measure surface variation or height within several nanometers.  This resolution is obtained using a nulling process in which the vertical probe position is adjusted to zero the force of the surface on the point of the probe.  The instrument scans the surface to obtain the topography of a chosen square patch of the sample surface.  A single point in this area is chosen at which the tip is force down onto the surface.  The compliance is a measure of the amount the sample surface is depressed due to the force applied to the probe.  This force is determined by the deflection and force constant of the probe shaft.  
Not in abstract:

It is theoretically possible, but not practical with the instrument model used, to scan the surface obtaining a compliance property for each point.  This would form a surface map displaying information about structure under the surface.  This is analogous to SEM in which secondary electron emission is a property of a surface layer.  Compliance measured by AFM is a property of a finite surface layer and not just the position of the outer infinitesimal surface layer.   This may be used to reveal more than superficial characteristics.  
