
 

Discovery of new sensory organ for
perceiving vibrational signals in leafhoppers,
spittlebugs and planthoppers
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Rhododendron leafhopper Graphocephala fennahi on a rhododendron leaf. The
3D reconstruction was made on a specimen of this species. Credit: Jürgen
Deckert, Museum für Naturkunde Berlin

1/5



 

Scientist from the Centre for Integrative Biodiversity Discovery (CIBD)
of the Natural History Museum in Berlin, from the ZUSE-Institute
Berlin and from the RWTH Aachen University have discovered a new
sensory organ for perceiving vibrational signals in leafhoppers,
spittlebugs and planthoppers. The discovery of this new organ offers
numerous new research opportunities, as some species of leafhoppers
transmit economically important plant diseases. For biological pest
control, a disruptive signal could be used to stop the insects from mating
and thus inhibit their dispersal. The research is published in Biology
Letters.

Cicadas are known for their ear-deafening songs. Each of the more than
3,000 species has an individual song pattern, which can even be used for
species identification. In the Mediterranean, the tropics and the
subtropics, their mating signals dominate the soundscape of numerous
regions.

Less well known, although with almost 40,000 species far more diverse,
are the closely related leafhoppers, spittlebugs and planthoppers, which
can be found in great numbers in our parks and gardens. Despite their
often very colorful appearance, these pretty insects are little known due
to their small size—some only measure a few millimeters.

Their mode of communication also draws little attention. Leafhoppers,
spittlebugs and planthoppers share a homologous organ with cicadas for
signal generation. Unlike cicadas, however, they do not generate
airborne sound signals, but instead vibrational signals that are transmitted
to their conspecifics via the plant surface. To perceive the signals,
cicadas are equipped with a so-called tympanal organ. This is a kind of
ear that registers the incoming sound waves with about 2,000 sensory
cells. In the case of leafhoppers, spittlebugs and planthoppers, it was
previously assumed that they perceive the vibrational signals for
communication with quite simple organs in the legs, present in all
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insects, which are made up of only a few sensory cells.

  
 

  

Large abdominal chordotonal organs in a Graphocephala fennahi male (a)
Habitus. The first and second abdominal segments (I + II), unlike the following
pregenital segments (III–VIII), are fused and contain large chordotonal organs
(green). (b) Posterior, slightly oblique view of left hemisegment with the
chordotonal organs (green), nerves (red) and exoskeleton (yellow). On the right,
the chordotonal organs are enlarged with scolopales indicated in dark green. The
small insets in the middle show the chordotonal organs of the second segment
separately. (c) Dorsal view of left hemisegment. Chordotonal organs and nerves
are stained with nickel chloride. (d) Image detail of a histological section from
the second abdominal segment used for the three-dimensional reconstruction.
Chordotonal organs are cut longitudinally. Units of the scolopidia are numbered:
1: soma; 2: elongated dendrite with ciliary root; 3: nucleus scolopale cell; 4:
scolopale; 5: attachment cells; 6: nucleus attachment cell. Abbreviations: Ia/IIa:
first/second abdominal segment; apd: apodeme; ch, chordotonal organ; epm:
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metepimeron; fm: folded pleural membrane; h: horn-like protrusion; sn:
segmental nerve; st: sternite tr: trachea; white arrow head: lateral ridge. Scale
bars (b) 50 µm, (c) 20 µm, (d) 10 µm. Credit: Biology Letters (2022). DOI:
10.1098/rsbl.2022.0078

Scientists from the Centre for Integrative Biodiversity Discovery at the
Natural History Museum in Berlin, from the ZUSE Institute Berlin and
from the RWTH Aachen University have recently discovered a new
sensory organ for perceiving vibrational signals in leafhoppers,
spittlebugs and planthoppers.

"In our latest study, we discovered that leafhoppers, spittlebugs and
planthoppers possess a sensory organ in the anterior region of the
abdomen that is exceptionally large relative to such small insects and
consists of up to 400 sensory cells," said first author Sarah Ehlers of the
Centre for Integrative Biodiversity Discovery at the Natural History
Museum in Berlin. The fact that this organ has remained undiscovered
until now is more than astonishing since the signal-generating organ
located directly next to it has been studied and described numerous times

By combining classical histological methods with state-of-the-art
imaging techniques, it was possible to generate a 3D model of the
sensory organ. This organ is a sophisticated system of fine membranes
and reinforced parts of the exoskeleton. Based on the location and
structure of this organ, it is likely that the complicated tympanal organ of
cicadas evolved from a similar ancestral organ.

Because some species of leafhoppers, spittlebugs and planthoppers
transmit economically important plant diseases, they have been the focus
of many biological pest control studies. For example, the mating
behavior and the mode of signal generation have been well investigated.
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There are already successful experiments to stop the mating of these
insects by means of disruptive signals and thus to reduce their dispersal.

The discovery of this new organ provides opportunities for numerous
new research approaches. Now it is time to investigate its detailed
functioning. This could help to further develop and improve the methods
of biological pest control. Another exciting field is the evolution of
communication systems within insects. Using the example of cicadas, it
is possible to investigate the transition from the evolutionary ancient
communication via vibrational signals to communication via sound
signals.

  More information: Sarah Ehlers et al, Large abdominal
mechanoreceptive sense organs in small plant-dwelling insects, Biology
Letters (2022). DOI: 10.1098/rsbl.2022.0078
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