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The Penicillum – a remarkable antennal structure in some tiger beetle species 
(Coleoptera, Carabidae, Cicindelinae)
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Abstract: In the subfamily Cicindelinae (Coleoptera, Carabidae) a small number of species have 
a unique morphological character: the males possess a bunch of bristles at the dorsal side of the 
fourth antennal segment, the so-called penicillum. In this study, first preliminary investigations 
of penicilli by scanning electron microscopy were carried out on five different tiger beetle species 
out of five different sub-/genera. They revealed three different forms of penicilli, such as straight 
bristle clumps in three species, but also twisted bristle clumps, and very long separated bristles 
in the other taxa.
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Introduction
The males of several Cicindelinae have special morphological alterations on the flagellum of their antennae. 
The so-called penicilli are brush-like structures under the fourth antennal segment, first described 1892 by 
Ganglbauer as „mit einem stiftfömigen Borstenbüschel“ in a single European species (Lophyra flexuosa). 
In 1908, Horn described the structures of seven species worldwide as „Antennar-Penicillium“, and later 
Cassola (1980) compared penicilli of 28 species out of 12 genera. So far, the function of the structure 
remains unknown. It is possibly a non-genitalic mating structure like a stimulating bristle, or it is probably 
an arrangement of chemical or mechanical sensillae. Furthermore, it remains unclear, why these structures 
evolved only in some species, while many other closely related species do not have any penicilli, even 
if the species occur in similar habitats (e.g. Mawdsley 2011).

Material and Methods
The penicilli of five different tiger beetle species out of five different sub-/genera were investigated:

Chaetodera regalis (Dejean, 1831)
Elliptica deyrollei (Guérin-Méneville, 1849)
Habrodera nitidula (Dejean, 1825)
Lophyra (Lophyra) flexuosa (Fabricius, 1787)
Lophyra (Eriolophyra) somalia (Fairmaire, 1882)

The dried specimen didn’t get any conductive coating. They were imaged by scanning electron microscopy 
(SEM) with a Philips ESEM XL 30 FEG (acceleration voltage 1 kV; H. nitidula, L. flexuosa) and a 
Hitachi S-2400 (acceleration voltage 1.4 kV; Ch. regalis, E. deyrollei, L. somalia).
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Results
The SEM-images show for each taxon a different shape of the penicillum (fig. 1–5). Penicilli of Ch. regalis 
(fig. 1), E. deyrollei (fig. 2), and L. flexuosa (fig. 4) all consist of flat bristle rows; but differing distinctly 
in their length, due to different bristle numbers, comprising 5, 12, and 22 bristles, respectively. All bristles 
of this penicilli type have a longitudinal lamellar surface and are broadened vertically compared to 
their narrow base. The straight bristles emerge separately at the base and clump at the apex. L. somalia 
comprises a compact penicillum of approximately 20 twisted bristles with elongated diameter, which 
are fraying at their tips (fig. 5). The penicillum of H. nitidula contains of seven separated bristles with 
long thin shafts and oval ‘pod-like’ tips (fig. 3). Overall, no evidence was found for sensorial structures 
on the bristles surface.

Fig. 1: Penicillum of Ch. regalis (left: total view; right top: basis; right bottom: tips).

Fig. 2: Penicillum of E. deyrollei (left: total view; right top: basis; right bottom: tips).
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Discussion
The results show three different types of penicilli, and indicate that there is one common type of pencillum, 
which can be found in three different genera. Remarkably, the twisted bristle form of the subgenus 
Eriolophyra differs significantly from the common straight bristle shape, occurring in the subgenus 
Lophyra s.str., potentially indicating an independent secondary evolution of this trait in Eriolophyra.

Although the penicillum function is still unclear, the smooth surface of the penicillum bristles 
indicates a mechanical, possibly stimulating function (Cassola 1980), rather than a chemo-sensatory. 
This assumption is supported by penicillum-analog non-bristle structures in the subgenus Axinomera 
(e.g. Moravec & Razanajaonarivalona 2015).

Fig. 3: Penicillum of H. nitidula (left: total view; right top: basis; right bottom: tips).

Fig. 4: Penicillum of L. flexuosa (left: total view; right top: basis; right bottom: tips).
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Fig. 5: Penicillum of L. somalia (left: total view; right top: basis; right bottom: tips).


