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Abstract. Cicada orni L. is one of the most abundant and common species of cicada in Greece. However, this species was not found
during recent field work on the Greek islands of Samos and Ikaria. Instead, the very closely related C. mordoganensis Boulard was
found practically everywhere on these islands. C. orni and C. mordoganensis are very closely related species which are morphologi-
cally very similar (sibling species), even the male genitalia, and the acoustic signals produced by males during courtship and pair
formation have the same general pattern. In order to describe the acoustic signals produced by these sibling species, temporal and
spectral analyses were made of the calling songs of the males and certain acoustic variables were measured. Based on the duration of
echemes, the number of pulse units they contain, the intervals between echemes and the number of echemes per second, the song of
C. mordoganensis is distinct from that of C. orni. Cluster analysis of the acoustic characteristics of C. mordoganensis from Samos
and Ikaria and of C. orni from the Greek mainland (Dionysos, north of Athens) gave a clear and distinct separation of these species.
Moreover, as there has been very little divergence between these two species at the protein electrophoretic level, the acoustic
divergence has evolved independently of allozyme divergence. This may imply that in these cicadas acoustic divergence, and there-
fore premating isolation, may have evolved rapidly and resulted in rapid speciation at low levels of general genetic differentiation.

INTRODUCTION

Cicada orni L. is one of the most abundant and common spe-
cies of cicadas on the mainland of Greece (Quartau et al., 1999).
However, this species was not found on the islands of Samos
and Ikaria during recent field work there in July of 1997, 1998
and 1999. Instead, a calling song reminiscent of that of C. orni
was heard practically everywhere. Examination of the genitalia
of a few males producing this song revealed that they belong to
Cicada mordoganensis Boulard, a species very close to C. orni
and previously known only from Turkey (Boulard, 1979). Fig. 1
is the left lateral view of the male genital segments of a
specimen of C. mordoganensis from Samos which closely
resemble those of C. orni. Fig. 2 is that of a specimen of C. orni
collected on the Greek mainland (Dionysos, north of Athens).

C. mordoganensis and C. orni are morphologically very simi-
lar, even the male genitalia, and the songs of the males have the
same general pattern: a repetitive series of separate sound ele-
ments, each one consisting of a series of rapidly and regularly
reproduced pulses (Boulard, 1979, 1995; Quartau et al., 1999).
In order to accurately describe the differences in the calling
songs of the males of these sibling species, temporal and spec-
tral analyses were made of their songs, certain acoustic variables
were measured, and cluster analysis applied to the results.

MATERIAL AND METHODS

The male calling songs of several specimens of both species
were recorded in the field at temperatures of about 32 to 33°C
on the Greek islands of Samos and Ikaria and on the mainland at

Dionysos, north of Athens. These recordings were made in the
frequency range between 50 Hz and 18 kHz on a digital Sony
Dat recorder connected to a compatible dynamic microphone
(Sony F-780) responding to the same frequency range. Songs of
20 males of C. mordoganensis (ten from Ikaria and ten from
Samos) and ten males of C. orni (Dionysos, north of Athens)
were analysed.

As in Quartau et al. (1999), the terminology used to describe
the songs is that of Gogala et al. (1996). The recordings were
subjected to time and frequency-based analyses, i.e., the songs
were converted into oscillograms, sonagrams and spectrograms
(frequency spectra) by using a Digital Audio Card and the soft-
ware Cool Edit 96 and Avisoft SASLab Light 97. For each
specimen, recordings of about 20 seconds were analysed and the
following acoustic variables were measured: duration of each
echeme based on a sample of 15, number of pulse units in each
echeme in the same sample of 15, duration of the 15 intervals
between echemes, number of echemes per second in the
recording of 20 seconds, and the range in frequencies with the
highest energy, together with the highest energy values (Table
1).

Cluster analysis was applied to the songs of C. mor-
doganensis and C. orni. As clustering algorithm the UPGMA
method based on a similarity matrix of Euclidean distances with
standardized data was performed. The following five acoustic
parameters were used as variables: duration of echemes, number
of pulse units per echeme, number of echemes per second,
interval between echemes and the frequency with highest
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Figs 1-2: Left lateral view of the genital segments of a male.
1 — C. mordoganensis Boulard from Samos; 2 — C. lorni L. from
Dionysos, Athens. Scale = 0.8 mm.

energy.
RESULTS

Oscillograms, sonagrams and spectrograms of the songs of C.
mordoganensis and C. orni are given in Figs 3-10, and a sum-
mary of cach of the temporal and spectral characteristics in
Table 1.

A comparison of the two songs showed that in spite of hav-
ing a common basic pattern, the songs differ in their temporal
parameters, even at similar temperatures. In C. mordoganensis
the duration of the echemes are longer (mean of 0.392 s = 0.065
vs. 0.093 s £ 0.031), the number of pulses within each echeme
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Figs 3-6. Song of a male of C. mordoganensis Boulard
(Samos). 3 — oscillogram over a period of 10 s; 4 — oscillogram
with an extended time-base of 0.5 s; 5 — sonagram over a period
of 1.55 s; 6 — spectrogram,
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higher (mean 75.539 + 12.974 vs. 18.56 + 5.675), the intervals
between echemes shorter (mean 0.126 s = 0.041 vs. 0.259 s +
0.107), and the number of echemes per second much lower
(1.969 £ 0.181 vs. 2.923 £ 0.666) than in C. orni. Differences
proved to be highly significant (P < 0.005) in the duration of
echemes, the number of pulses per echeme, the intervals
between echemes and the number of echemes per second.

The spectral characteristics are, however, similar: Frequencies
with the highest energy range from 3.985 to 4.795 kHz (mean of
4.355 + 0.213) for C. mordoganensis, and from 4.158 kHz to
5.876 (mean of 4.780 + 0.549) for C. orni.

The dendrogram based on a UPGMA cluster analysis using
five acoustic parameters as characters is given in Fig. 11. This
analysis resulted in two major clusters, corroborating the exis-
tence of two species, one corresponds to the acoustic signals
produced by the Samos and Ikaria males (C. mordoganensis)
and the second to those produced by males of C. orni from the
Greek mainland.

CONCLUSIONS AND DISCUSSION

Males of C. mordoganensis were heard practically every-
where during recent field work on the islands of Samos and
Ikaria and, like C. orni, they frequently sing in chorus producing
the loud cicada sound so typical of a Mediterranean summer.

The chorus probably indicates that the song may have a social
role, as in some African cicadas (Villet, 1992), in addition to its
primary in attraction and mate recognition (e.g., Claridge et al.
1979; Claridge, 1985; Paterson, 1985).

The time and frequency-based analyses of the songs of these
species showed that they differed in their temporal parameters,
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Figs 7-10. Song of a male of C. orni L. (Dionysos, Athens).
7 — oscillogram over a period of 10 s; 8 — oscillogram with an
extended time-base of 0.5 s; 9 — sonagram over a period of 1.0
s; 10 — spectrogram,



TaBLE 1. Acoustic parameters of populations of C. mordoganensis Boulard (Samos and Ikaria) and C. orni L. (Dionysos, Athens).

Duration of echemes (s) Pulsc units/echeme

Interval between Freq. with highest

No. of echemes/s

echemes (s) energy (kHz)
SAMOS range 0.263-0.561 46-112 0.047-0.308 1.572-2.182 3.985 - 4.497
m =+ sd 0.406 + 0.059 80.08 £ 10.789 0.116 £0.030 1.967 £0.173 4259 +£0.182
n 10 10 10 10 10
IKARIA range 0.217-0.616 40-108 0.061-0.312 1.717-2.360 4.148-4.795
m=*sd 0.379 £ 0.068 71.18 £13.442 0.135+0.047 1.970+£0.197 4.451 £0.206
n 10 10 10 10 10
TOTAL range 0.217-0.616 40-112 0.047-0.312 1.572-2.360 3.985-4.795
m=*sd 0.392 £ 0.065 75.539+£12.974 0.126 £ 0.041 1.969 £ 0.181 4.355+0.213
n 20 20 20 20 20
DIONYSOS  range 0.045-0.225 8-36 0.081-0.551 2.393-3.843 4.158-5.876
(ATHENS) m+sd 0.093 £ 0.031 18.56 £ 5.675 0.259£0.107 2.923 +£0.666 4,780 = 0.549
n 10 10 10 10 10

m — mean; sd — standard deviation; n — number of males.

even at similar temperatures. In fact, there are significant differ-
ences (P < 0.005) in the interval between echemes, the duration
of echemes, the number of pulses per echeme and the number of
echemes per second. However, the spectral characteristics are
very similar.

The dendrogram based on a UPGMA indicated two clusters,
which suggests the existence of two species.

These results indicate that the calling songs of these species
are quite distinct, but have the same general pattern. Moreover,
as the species are similar morphologically, this is another
example of the best way to discriminate between cicadas which
is to use the male song as a taxonomic character (Quartau,
19953).

Tt is also interesting to note that these sibling species are even
closer genetically than C. orni and C. barbara (Quartau et al.,
2000). This is revealed by an analysis of 13 enzyme systems in
these species (Seabra et al., 2000). Of the 19 loci studied none
were found to be diagnostic. It seems, therefore, that differences
in these songs have evolved independently of allozyme diver-
gence. That is, in these cicadas acoustic differences and there-

fore premating isolation may have evolved rapidly and resulted
in rapid speciation at low levels of general genetic
differentiaion.
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