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Confocal laser scanning micrograph showing an adhesive pad on a
leg of a ladybird beetle (Coccinella septempunctata), lateral view.
Image courtesy of Jan Michels, Kiel University.

In October 2013, a motley crew of strangers ranging from
ecologists to molecular biologists followed the invitation of
Klaus Reinhardt (Sheffield and Tübingen, Germany) and
Bernard Moussian (Tübingen) to meet in the dormant little
city of Tübingen in Southern Germany to articulately discuss
our least common denominator, the insect cuticle, actually a
main defining trait of insects. Indeed, the cuticle as a stratified
extracellular matrix formed by the underlying epidermis is a
multifunctional device that attracts the interest of diverse
scientists. As the largest organ, it covers the entire body of
the animal and lines internal organs such as the tracheae, and
the fore- and hind-gut. It protects against dehydration and
pathogens, stabilises the shape of the body and organs such
as wings and as a site of muscle attachment serves as an
exoskeleton allowing locomotion. 

At the end of the successful RES funded meeting, Klaus
Reinhardt had come to the conclusion that despite these
multiple functions and the obvious important impacts on
insect ecology, this aspect is not condignly treated in the
literature. Consequently, the group of scientists that met in
Tübingen decided to propose a session on the ecological and
molecular aspects of the cuticle at the ECE in York, in order
to raise awareness of this issue in the insect community.

Once accepted, Bernard Moussian and Sophie Armitage
(Münster, Germany) organised an inspiring session called
“Molecular biology and ecology of the cuticle”. Most of the

participants of the Tübingen workshop, but also other
diversely ranging cuticle enthusiasts, followed the invitation
to present their ideas and data in York. This lead to exciting
cross-fertilization among different research fields, from
biomechanics to ecology, and from developmental genetics
to immunity. 

Diverse physical aspects of the cuticle were covered in four
presentations. Stanislav Gorb, the keynote speaker, and Jan
Michels from Kiel (Germany) reported on advanced
biomechanical measures of cuticular structures that make
insect life easier. For instance, Gorb showed that the adhesive
properties of leg pads in many insects depend on the relative
amounts of stiff and flexible cuticle, and Michels presented a
fascinating adaptation of the female cuticle in bed bugs, the
spermalege, to ameliorate damage during the fertilising
process called “traumatic insemination”. Jan-Henning Dirks
(Stuttgart, Germany) presented new findings on the stiffness
of grasshopper legs that depends on the water content of the
cuticle. He also speculated on the significance of chitin
orientation that follows a day-night cycle on the mechanical
properties of this saltation organ. April Dinwiddie (Yale,
USA) reported on her PhD thesis that deals with the
absorbing story of wing scale formation in butterflies. Wing
scales are homologous to bristles in Dipteran wings and are
formed by single cells as cuticular protrusions. Their
architecture determines especially colour ranges from green
to blue.

Three speakers presented some aspects on the role of the
cuticle in freaky organs. Maurijn van der Zee (Leiden, The
Netherlands) presented data on a rather unknown cuticle: the
serosal cuticle. This cuticle protects insect eggs against
desiccation. The serosal cuticle must have played an
important role in the spectacular radiation of insects on land.
Bernard Moussian spoke about the role of the cuticle in
formation of the tracheae. Using developmental genetics in
the fruit fly Drosophila melanogaster, he identified key genes
in the formation of the tracheal cuticle that are necessary in
the trachea to prevent collapse and to allow air to fill the
tracheae. Some mutants can only survive until a certain size,
illustrating the important link between tracheal breathing and
insect body size. The importance of the cuticle as a barrier
against infection was pointed out by Ulrich Theopold
(Stockholm, Sweden). He talked about the role of the
integument and gut cuticle in fruit fly resistance against
nematodes that aim at penetrating larvae to inject pathogenic
bacteria. 

These varied topics incited vivid discussions not only
conducted at the meeting itself, but also in diverse York pubs,
rinsed down with the sensational Yorkshire beer.
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