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Abstract Here the first record of communication through substrate-borne vibrations for the Lophopidae family
is reported. The signals from Magia subocellata that the authors recorded were short calls with a
decreasing frequency modulation. Acoustic vibrations have been observed for other families within the
Hemiptera and a scenario concerning the historical use of vibrational communication within the
Hemiptera is tested using a phylogenetic inference. The most parsimonious hypothesis suggests that
substrate-borne communication is ancestral for the hemipteran order and highlights the groups for
which future acoustic research should be undertaken.
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INTRODUCTION

Many animals have been recently recognised for their ability
to communicate through substrate-borne vibrations (Hill
2001). While elephants produce vibrations transmitted by the
soil to communicate over very large distances (O’Connell
et al. 1997; O’Connell-Rodwell et al. 2001), tiny insect
species may emit substrate-borne vibrations on their host plant
to exchange information at short range (Henry 1994; Virant-
Doberlet & Čokl 2004; Cocroft & Rodríguez 2005). Among
insects, the Hemiptera and the Neuroptera are probably the
best-investigated groups for the substrate-borne vibrations
they produce during mating behaviour (Claridge & Vrijer De
1994; Henry 1997; Kanmiya & Sonobe 2002; Gogala 2006).

Communication by substrate-borne vibration has been
reported from 29 Hemiptera families, and more precisely, in
40% of the Fulgoromorpha families (Delphacidae, Cixiidae,
Meenoplidae, Dictyopharidae, Tropiduchidae, Acanaloniidae,
Issidae, Flatidae) (Čokl & Virant-Doberlet 2003). The
Lophopidae (Hemiptera, Fulgoromorpha) have been recently
studied in an evolutionary and biogeographical context
(Soulier-Perkins 2001). This small monophyletic group with
around 130 described species is confined to the tropical
regions. This group is hypothesised to have originated some-
where in South-East Asia 65 million years ago. From this
origin, the distribution extended northward with some

Lophopidae migrating into America via the Bering land
bridge. Some other ancestors of the extant groups moved onto
newly emerging land in the Pacific, expanding their distribu-
tion as far east as the Samoan Islands, and as far south as
Australia (Soulier-Perkins 2000).

While evolutionary and biogeographical information has
been gathered for these insects, no ethological studies have
been yet undertaken. Only some aspects of copulatory mecha-
nisms were studied for the genera Jugoda Melichar, 1915 and
Pyrilla Stål, 1859 (Soulier-Perkins & Bourgoin 1998). Magia
is a monospecific genus endemic to Australia. Magia suboce-
llata Distant, 1907 can be found on Archontophoenix alexan-
drae (F. Muell.) H. Wendl. & Drude, an Arecaceae growing in
the central to northern Queensland coastal rainforest. Magia
subocellata specimens can occur in significant numbers in
greenhouses with A. alexandrae.

We report here the substrate-borne vibrations produced by
a male of M. subocellata. Given that Lophopids can produce
substrate-borne vibrations, we mapped the evolution of
substrate-borne communication onto the Hemiptera
phylogeny.

MATERIALS AND METHODS

Recording

Magia subocellata males and females were collected in the
Kuranda butterfly sanctuary in Queensland in March 1997.*soulier@mnhn.fr
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Individuals were kept with parts of their host plant and suffi-
cient humidity in a cage while being transferred to a field
laboratory near Malanda, Queensland where they were
recorded in the evening following their capture. One male and
one female were placed together into a chamber where
substrate-borne vibrations were recorded with a Magneto-
Dynamic System (Strübing & Rollenhagen 1988) and a SONY
TCD-5M Professional audio tape recorder. The ambient tem-
perature was 28°C with a relative humidity of ca. 80%.

Signal analysis

Signals were digitised from the audiotape to a PC computer at
a rate of 44.1 kHz with a 16 bit precision. The signal was then
under-sampled at 2 kHz to increase frequency resolution. The
calls were analysed using Seewave (Sueur et al. 2006) and
Avisoft 4.33b acoustic software (Specht 2004). To increase the
signal to noise ratio, a frequency filter was applied to the
signal. The spectrum of the filter was designed as the comple-
ment of a Fourier Transform calculated in a signal section
where only noise occurred. This manipulation allowed remov-
ing selectively those frequency bands, which were caused by
background noise while preserving the sounds of the insect
call. Call duration and intercall duration were measured on the
envelope of the signal. Main frequency parameters were
assessed by generating Fourier transforms (Hamming window,
frequency resolution = 1.95 Hz).

Optimisation of attributes

The use of substrate-borne vibration in the hemipteran order is
only partially documented and the primary homology is diffi-
cult to define. For this vibrational communication system, the
signal production and perception mechanisms may have
undergone changes across all the taxa. As such, it seems inap-
propriate to include this ethological character in a phyloge-
netic analysis. However, such characters that cannot be used
for building the phylogeny can be optimised on an already
built phylogeny and is called an attribute (Mickevich & Weller
1990; Desutter-Grandcolas 1997; Grandcolas et al. 2001).
Two states are coded: presence of substrate-borne vibration
and unknown. The unknown state of this attribute might cor-
respond to a true absence of vibration production but more
likely to a lack of observation. The program used for the
optimisation is MacClade (Maddison & Maddison 2002).
Attribute states were mapped onto a composite Hemiptera
phylogenetic hypothesis provided by Bourgoin and Campbell
(2002). The fossil taxa originally included in this phylogeny
were excluded here. The optimisation presented is the most
parsimonious hypothesis.

RESULTS AND DISCUSSION

The recorded male of M. subocellata produced vibrations
made of four successive calls regularly spaced (Fig. 1a). The
duration of calls was 3.03 � 0.44 s and the gap in between

calls lasted 12.47 � 1.81 s. All calls showed the same pattern.
They were made of a series of harmonics modulated in ampli-
tude with the fundamental frequency (F0) slowly decreasing
from around 47 Hz at the beginning to around 32 Hz at the end
of the call. There was a relatively constant dominant band
throughout the signal between 240 and 280 Hz. This constancy
associated with the frequency modulation implies successive
drops in the dominant frequency from the fifth (=6*F0) to the
eighth harmonic (=9*F0).

Although very few recordings were obtained, and the bio-
logical context in which the calls were emitted is not entirely
clear, our recording suggests that at least some Lophopidae are
capable of producing substrate-borne vibrational signals.
Whether this acoustic production acts as a signal for intraspe-
cific communication as it has been previously shown for other
Fulgoromorpha (see below) must await a more detailed behav-
ioural study.

The Lophopidae can be now recognised as one of the nine
families of Fulgoromorpha that produce substrate-borne vibra-
tions. There is no information available yet for the remaining
Fulgoromorpha families, and further investigation is urgently
needed in these taxa. The optimisation suggests that the use of
substrate-borne vibrations is ancestral for the Fulgoromorpha
(Fig. 2). The most parsimonious hypothesis (seven steps)
implies that substrate-borne vibrational communication is
ancestral for the Hemiptera. Nine steps are needed when the
acoustic production is not considered as ancestral. Vibrational
communication is observed within the five monophyletic
lineages (Sternorrhyncha, Fulgoromorpha, Cicadomorpha,
Coleorhyncha and Heteroptera).

Vibrational communication was observed in three (Aley-
rodoidea, Aphidoidea and Psylloidea) of the four groups that
compose the Sternorrhyncha. The production mechanisms of
communication differ slightly (Virant-Doberlet & Čokl
2004), but the substrate is always the support for signal
propagation. Only the Coccoidea have not been reported to
communicate by substrate-borne vibrational signals. Further
investigation on the intraspecific communication system of
this group is required to assess whether substrate-borne
vibrational signals also play a role in male recognition and/or
location, or whether this communication system has been
replaced by another kind of communication. Within the Cica-
domorpha, the ability to produce substrate-borne signals has
been observed in five families: Aphrophoridae (Cerco-
poidea), Tettigarctidae and Cicadidae (Cicadoidea), Cicadel-
lidae and Membracidae (Menbracoidea) (Virant-Doberlet &
Čokl 2004). However, the use of such a communication
channel in Cicadidae is only documented in a single species
(Stölting et al. 2002). Rather, air-borne signals are the main
way used by cicadas to communicate (Sueur 2001). The Tet-
tigarctidae that only use substrate vibrations are often con-
sidered as relict survivor of a primitive Mesozoic cicada
radiation (Claridge et al. 1999). They are recognised as
sister-group to the Cicadidae (Cryan 2005). It is therefore
very likely that air-borne acoustic communication
appeared later historically than substrate-borne acoustic com-
munication and has to be considered as an autapomorphic
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behavioural character for the Cicadidae. This change in
acoustic channel selection probably allowed the emitters to
be heard by a larger number of receivers, and not limited to
those individuals in physical contact with the plant. Within
the Coleorrhyncha, vibrational signalling was recorded
recently for a Peloridiidae (Hoch et al. 2006), which is often
considered as a Gondwanan relict insect group. Within the
Heteroptera, there is evidence for communication by vibra-
tional signals in 18 families of the Cimicomorpha, Gerromor-
pha, Nepomorpha and Pentatomorpha (Virant-Doberlet &
Čokl 2004), although production mechanisms are diverse.
The optimisation shows uncertainty at the base of the het-
eropteran group, and research effort directed towards the
Enicocephalomorpha and Dipsocoromorpha would aid in
resolving this issue.

The optimisation on the Hemiptera phylogenetic hypothesis
points to groups, which are in need of further investigation. We
are convinced that further research focusing on acoustic com-
munication will hold exciting discoveries and help elucidate

the evolutionary history of this largest non-holometabolous
insect taxon.
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Fig. 1. (a) Oscillographic
(amplitude vs. time)
representation of two successive
calls. (b) Oscillographic
(amplitude vs. time) and
spectrographic (frequency vs.
time, amplitude following the
grey scale) representations of a
single call (call between
vertical dotted lines in (a)).
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Psylloidea
Aleyrodoidea
Aphidoidea
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substrate-borne vibrational communication observed 
unknown: substrate-borne vibrational communication 
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Fig. 2. Scenario for the evolution of substrate-borne communi-
cation for the Hemiptera. The hypothesis requiring the fewest
steps is that substrate-borne vibrational signalling is ancestral for
the entire group (seven steps). The composite phylogenetic
hypothesis is extracted from Bourgoin and Campbell (2002).
Note, fossil taxa have been pruned.
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