
Coming Events

Due to COVID-19, please check to see if 
the listed events have been postponed 
or cancelled.

2021

EBSD 2021
April 20–21, 2021
Virtual
www.rms.org.uk/ebsd-2021.html

Experimental Biology 2021
April 27–30, 2021
Virtual 
https://experimentalbiology.org/2021/home.aspx

EMAS 2021 – 17th European Workshop 
on Modern Developments and 
Applications in Microbeam Analysis
May 16–20, 2021
Krakow, Poland 
www.microbeamanalysis.eu/events/event/60-
emas-2021-17th-european- workshop-on-modern-
developments-and- applications-in-microbeam-analysis

mmc2021: Microscience Microscopy 
Congress 2021
July 5–8, 2021
Manchester, UK 
www.mmc-series.org.uk

Microscopy & Microanalysis 2021
August 1–5, 2021
Pittsburgh, PA 
www.microscopy.org/events/future.cfm

2022
Microscopy & Microanalysis 2022
July 31–August 4, 2022 
Portland, OR 
www.microscopy.org/events/future.cfm

2023
Microscopy & Microanalysis 2023
July 24–28, 2023 
Minneapolis, MN 
www.microscopy.org/events/future.cfm

2024
Microscopy & Microanalysis 2024
July 28–August 1, 2024 
Cleveland, OH 
www.microscopy.org/events/future.cfm
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Carmichael’s Concise Review

Why You Can’t Squash this Bug!
Stephen W. Carmichael
Mayo Clinic, Rochester, MN 55905

carmichael.stephen@mayo.edu

The diabolical ironclad beetle (DIB: Phloeodes diabolicus) is an oak-dwell-
ing fungivore primarily residing on the west coast of North America. Entomol-
ogists who are fortunate enough to have one of these bugs in their collection 
are challenged when displaying it, since the steel pin used to mount the speci-
men often bends as it is inserted into the beetle. This is due to the particu-
larly rugged exoskeletal forewings (elytra) of this beetle. The paired elytra are 
fused to provide a strong shield to resist predation by crushing or pecking. 
Also, this beetle uses its elytra as camouflage, resembling a stone. The elytra 
are about twice as dense as those of a typical flying beetle, demonstrating that 
they have evolved as an impressive protective shield rather than appendages 
for flight. This defensive capability is largely due to the microscopic arrange-
ment of the tough organic components of the elytra. This microstructure was 
recently investigated by a large international team lead by Jesus Rivera and 
David Kisailus [1] using optical microscopy, scanning electron microscopy 
(SEM), micro-computed tomography (micro-CT), compression testing, finite 
element analysis, and digital image correlation, among other methods. This 
elegant study has the potential for modern manufacturing to improve how cer-
tain materials are fastened together.

In the DIB the pair of elytra are fused by a robust interface. The median 
suture consists of interdigitated “jigsaw” arrangements of protruding segments, 
called blades, along the length of the abdomen. Whereas there are substantial 
differences in the geometry, thickness, and extent of interdigitation among bee-
tles in general, the greatest number of interlocking elements is found in the DIB.

The protective capability of the elytra is derived from the strong median 
suture and reliance on lateral supports to redirect compressive forces around 
the internal organs. This protects the beetle and even allows it to survive 
being run over by a car. Observations of the exoskelton by SEM and micro-
CT revealed three distinct lateral interfacial architectures that provide sup-
port between the elytra and the ventral cuticle: interdigitated, latching, and 
freestanding motifs. Further study with micro-CT showed that these regions 
merge seamlessly into one another along the length of the body. These and 
several other observations led Rivera et al. to surmise that the freestanding and 
interlocking supports enable deflection of the elytra and therefore increase the 
energy absorption during crushing events by providing compliance, while the 
interdigitated supports increase stiffness.

SEM of cross sections of the median suture revealed a laminated architecture, 
which, when placed under tensile loading, showed failure in the matrix, highlight-
ing local delamination (Figure 1). Unlike homogeneous materials, which typically 
fail at their thinnest feature, the laminated microstructure within the blades of the 
suture enables considerable strain release and energy dissipation, circumventing 
catastrophic failure at the thinnest part of the blades. It appears that delamina-
tion within the microstructure of the blade prevents localized stresses that would 
cause failure at its thinnest part, thereby ensuring survival of this robust beetle.

Rivera et al. suggest that the potential advantages of this design as a mechan-
ical fastener may be applicable to manufactured structures that are subjected 
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to high stress, such as turbine blades or aerospace struc-
tures. This and other designs revealed in the DIB could 
be useful in joining similar or dissimilar engineering 
materials, such as plastics and metals. Rivera et al. dem-
onstrated that composites fabricated to mimic the DIB 
suture geometry and microstructure provide immediate 
advantages over current fasteners used in aviation manu-
facturing, providing enhanced strength and substantially 
increased toughness (defined as energy absorbed before 
failure). They fabricated carbon fiber composites that 

mimicked the laminated sutures, and their strength was 
slightly greater than a titanium-based aircraft fastener 
and the toughness was twice as great!

Reference
 [1] J Rivera et  al., Nature 586 (2020) 543–48. doi.

org/10.1038/s41586-020-2813-8.
 [2] The author gratefully acknowledges Dr. David 

Kisailus for reviewing this article.

Figure 1: Role of microstructure in the toughening of the medial suture. (a) False colored SEM micrograph of uncompressed transverse cross-sectional from the 
elytra of P. diabolicus. (Bl = Blades and St = Stops). Inset: Entire cross section of uncompressed elytra. (b) Laminated microstructure of blades before (top) and after 
(bottom) loading. (c) Charge contrast and false colored SEM micrograph of compressed elytra, highlighting crack initiation around blade regions depicted in (a). Inset: 
entire cross section of compressed elytra. (d) Computed tomography reconstruction of fractured suture, revealing multiple failure points (yellow arrows), including fiber 
bridging and delamination in the structure. (e) Comparison between normalized peak load and toughness of 3D printed laminated blades with the angle, θ, varied at 15°, 
25°, and 50°. (f) Lagrangian strain distribution using digital image correlation (DIC), under tensile loading, of 3D-printed laminated blades with the angle, θ, equal to 25°, 
showing significant strain developing within the blade and subsequent delamination. (bottom) Finite element simulations showing delamination and strain distribution. 
(g) Ashby plot highlighting the strength and energy absorbance of composite-metal interfaces joined by laminated carbon fiber blades, randomly oriented chopped 
carbon fiber blades, and titanium-based engineering fasteners. (h) DIC showing variations in strain during tensile testing of composite-metal interfaces and revealing 
toughening mechanisms in laminated blades. (i) Suture-like designs used in turbine blades. Images courtesy of the laboratory of Dr. David Kisailus.
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