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Song of Cicadetta flaveola Brullé (Auchenorrhyncha: Cicadoidea:
Tibicinidae) from Greece
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ABSTRACT. Brullé described in his book [1832]
Cicadetta flaveola from Peloponnesus (Mistras, Spar-
ta) and later it has been reported from various Medi-
terranean countries. Nevertheless, the song of this
species has not been described until now. We found
this species on Peloponnesus (Greece) in four diffe-
rent localities and recorded its song. It is characterized
by three different patterns or phrases, a basic one
comprising equally long echemes (A) and two other
phrases (B and C), composed of characteristic se-
quences of short and long echemes, with durations of
a few seconds, which follow each other without inter-
ruptions for a few minutes. A basic acoustic unit is a
group of 4 tymbal clicks with a duration of 7-9 ms and
all other echemes are composed of different numbers
of such 4-click units.

PE3IOME. B cBoeii kaure bprose [Brullé, 1832]
onucan Cicadetta flaveola ¢ Ilenononneca (Muctpac,
Cmapra). [To3:xe 3TOT BuA OBLIT YKa3aH U3 Pa3IAIHBIX
CpeaAn3eMHOMOPCKHX cTpaH. OHAaKO, €0 HECHS 10 CUX
mop He Oblna onmucaHa. Mbl 0OHAPYXWIK 3TOT BH]L HA
ITenomonnece (I'pettus) B YeTHIPEX pa3IMIHBIX MECTaX U
3anmcany ero necHro. OHa XapaKTepHu3yeTcs TpeMs pas-
TUYHBIMA TUNIamMu (pa3. OCHOBHOM THUI TPECTABICH
OJIMHAKOBO JTMHHBIMU cepysiMu (A) U TBYMS IPYTHMU
tdpazamu (B u C), cocTosAmmMHU U3 XapaKTEPHOTO Yepe-
JTIOBaHUS KOPOTKUX U ITTMHHBIX CEPHHA C TPOJOIKUTEIh-
HOCTBIO B HECKOJIBKO CEKYH W, CIICAYIOIINMH JPYT 3a
Ipyrom 0e3 mepeprIBOB B TEUEHUE HECKOIBKAX MUHYT.
OcHOBHas aKycTHIecKas AHHUIIA IPEICTABIIECT COO0U
rpynmny u3 4 TEMOANBHBIX IIETYKOB MPOIODKUTEIh-
HOCTBIO 7—9 MC U BCe IpYTHe CEPUU COCTOAT U3 PA3JINY-
HOTO YHCJIa TOLOOHBIX 4-IETYKOBBIX €INHUIIL.

Introduction

In the recent years it has been shown, that singing
cicadas of Europe are not known to such extent as
supposed previously. Bioacoustic investigations, com-
bined with morphological and molecular approaches
shed new light on the taxonomy of this group of in-
sects. By acoustic methods it is much easier to single
out singing animals in vegetation and recognize their
identity. This is true also for the fauna of Cicadoidea of
Greece. Our aim was to search especially for the small
singing cicadas in Greece, which were previously not
studied in detail. In this paper we are describing the
song characteristics of Cicadetta flaveola (Brullé, 1832)
described from Peloponnesus (Mistras near Sparti). The
song of this species has not been previously investi-
gated [Sueur, 2001; Puissant & Boulard, personal com-
munication].

Materials and Methods

In the years 2004 and 2005 both authors made field
trips to the eastern part of Peloponnesus in the time
periods of May 19-26,2004 and June 9-12, 2005.

Material collected during our field trips: (2) Fteri,
Peloponnesus, (~1200 melev.), 9.V1.2005, (2) Kastanit-
sa, Peloponnesus (~1000 m) 9.V1.2005.

For acoustic detection and recording of songs we
used following equipment: the ultrasonic detector PET-
TERSSON D-200 with a detached microphone, mounted
in front of a TELINGA reflector and a solid state recor-
der MARANTZ PMD-670 with compact flash card 1
and 2 GB. In the year 2004 also a SONY DAT recorder
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Figs 1—2. Cicadetta flaveola Brullé: 1 — prepared specimen from the locality near Fteri, Peloponnesus; 2 — live animal from
the same locality.
Puc. 1-2. Cicadetta flaveola Brullé: 1 — nakoaoTsiii axsemmasp u3 okpecraocreit Orepu, Ileaononnec; 2 — SKMBOM 3K3EMIIAID
U3 TOV K€ MECTHOCTM.

TCD-D10 was used. For analyses of sound we used
RAVEN 1.2, CANARY 1.4 and AMADAEUS software
and for statistical evaluation MICROSOFT EXCELL on
an APPLE iMac G4 computer.

Cicadas were first localized acoustically and then
collected with entomological net. The dry prepared ani-
mals are in the collection of the Slovenian Museum of
Natural History in Ljubljana (PMSL) and in the collec-
tion of S. Drosopoulos. All sound recordings are stored
in the Sound Archive of the Slovenian Museum of
Natural History in Ljubljana. The samples of the song
are available on the web page: http://www?2.pms-1j.si/
european-cicadas/.

Results

In various collections we found specimens of C.
flaveola from Peloponnesus and some other localities
in Greece, often with wrong determination labels. Com-
paring the morphology of the specimens with the origi-
nal description it became clear that these specimens
belong to the taxon mentioned above and described by
Brullé from Mistra(s) near Sparti.

During our field trip in 2004 we recorded in the locality
Ag. Andreas a characteristic cicada song, recognized by
one ofus (S.D.) as a specific one for C. flaveola. One year
later (2005) we visited Peloponnesus and near the village
Fteri (~ 1200 m above sea level) on June the 9th acousti-
cally detected and recorded and later also collected some
cicadas of this species (Figs 1, 2). It turned out that the
song differs from all previously known song patterns of
European singing cicadas. The next locality, where the
species has been found, recorded and collected was
above the village of Kastanitsa on the slopes of the
Parnon Mountain (~ 1000 m a.s.l.). During the following
day we recorded the species also near the village of
Kastri (800 m). After a comparison of songs it became
very likely that also our recordings from the previous
year in Ag. Andreas were produced by males of the same
species. However, those males were singing in small
trees or shrubs and not in grasses.

Description of the song pattern

TIME PARAMETERS. The calling song of this spe-
cies consists of repetition of short echemes (S) of simi-
lar duration (phrase A) as a basic pattern and of two
different parts (phrases B and C) with more or less
regular sequences of longer (L) and shorter echemes
(S) (Fig. 3). In the phrase B the echemes follow the
pattern: LSS L S SL... (Fig. 3a) and in the phrase C the
pattern is simpler L SL S L... (Fig. 3b). Sometimes this
pattern is also changing during a phrase (last phrase B—
C in Fig. 3b). Singing animals switch without interrup-
tion between these rhythmic patterns or phrases. They
may interrupt singing in any phase of their song, but
usually during the basic repetition of the echemes of
equal length i.e. phrase A. The duration of phrases B is
typically 2-3 s and between these phrases there are 3 to
5 s long sequences of short echemes (phrase A) (Figs
3a, 5). The phrases C are usually longer, 3-5 s, separa-
ted by “A” phrases of approximately 1 s duration (Figs
3b,7).

In the Figs 5 and 7 one can see that the short
echemes can last for about 8 + 1 ms, 16—18 ms or 25-29
ms and there is a reason for this. The shortest echemes
in all three phrases comprise a basic pattern of 4 tymbal
clicks (Fig. 4a). Such shortest echemes occur most of-
ten in the phrase B and sometimes in A and C. Looking
at this pattern in more detail one can actually recognize
4 double clicks: the inward movement of a tymbal pro-
ducing a very soft click and the outward movement a
loud one (Fig. 4a). From the pictures 4, 5 and 7 it is
evident that short echemes in the basic phrase A are
often composed from 3 and sometimes 2 of such basic
4-click units. Also the long echemes, typical for phrase
B and Cusually contain 8 (6-9) 4-click units (Figs 4b, 5,
7). Therefore, the duration of echemes is distributed
stepwise as shown clearly in Figs 5 and 7.

The intervals between echemes and the repetition
rate of echemes differ slightly from case to case, being
in phrases A and C between 70 and 110 ms and change
also within phrases, as shown in Fig. 6 during phrase B.
The repetition rate of echemes in a phrase A is typically
7-11 echemes per second.
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Fig. 3. Oscillograms of the calling song of Cicadetta flaveola Brullé:
a — phrases B, A, B; b — phrases C, A and mixed phrase B—C.

Puc. 3. Ocymasorpammsl mpusbiBHOTO curHasa Cicadetta
flaveola Brullé: a — ¢paset B, A, B; b — dpaset C, A u
cmernanssie $passt B—C.
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Fig. 4. Oscillograms showing pulse structures of Cicadetta
flaveola Brullé: a — sample of the shortest echeme with 4
double pulses, soft “in” and loud “out” clicks representing the
basic “4-click unit”; b — 2 long echemes comprising 6 and 7
“4-click units” and 3 short echemes comprising 2 and 1 unit.
Note a different time scale in Fig. 4b!

Pric. 4. OcymaAOTPamMMmBl TOKA3bIBAIOT ITYABCUPYIOIIUE CTPYK-
typwt Cicadetta flaveola Brullé: a — npumep camoit KopoTKoii
cepun ¢ 4 ABOVHBIMM IIyABCAMM, TUXME IJEAYKM “TIpormbanms
tumbara” W rpomxme “Boirmbanms Tmmbara” HIPEACTABASIOT
coboil OCHOBHYIO “4-1jeAukoByio eamHMyy; b — 2 asuHHBIE
cepun, cocrosigne us 6 m 7 “4-myeauxosbix eamnny’ u 3
KOpoTKMe cepun, cocrosgue mn3 2 u 1 eamrmy. O6parure
BHUMAaHUeE, uTo Ha Puc. 4b apyras Bpemennas mkasal

FREQUENCY RANGE. The frequency spectrum of
the Cicadetta flaveola calling song has a wide range.
There is a main peak of frequencies between 13.5 and 16
kHz with a secondary peak or plateau in the range of 6
to 8 kHz. The -20 dB range of the main peak covers the
frequencies between 8 and 19 kHz. Such frequency
characteristics can be expected from the size of these
singing cicadas [Bennet-Clark & Young, 1994].

Due to the high frequency content of this song it makes
sense to use the ultrasonic or “bat” detector for listening,
detecting and recording these cicadas in the field.
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Fig. 5. Graph showing echeme durations during phrase A
and B of the song of Cicadetta flaveola Brullé. Duration of
shortest echemes is about 8 to 9 ms, higher values of short
echeme durations are two to three times higher than the “4-
click unit”. Long echemes in phrases B are in this recording
composed by 7—8 basic units.

Puc. 5. I'paduk, MOKashBaIOIMUIA ITPOACAYKUTEABHOCTD Ce-
puit B Tedenne ¢pas A u B mecum Cicadetta flaveola Brullé.
[TPOAOAKMTEABHOCTD CaMBIX KOPOTKMUX Cepuit — Ipnbamusu-
TeABHO OT 8 A0 9 mc, boAee BBICOKME 3HAYECHMUS ITPOAOAIKUTEAD-
HOCTEVl KOPOTKMX cepuii B 2—3 pasa Bblie yem *4-IjeAuxoBast
eannuya’. Aamnnble cepun Bo dpasax B arori sammem cocrosT
"3 7—8 OCHOBHBIX €AMHML].
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Fig. 6. Graph showing intervals between echemes during the
same song sequence of Cicadetta flaveola Brullé as in Fig. 5.
During B-phrases every third interval substantially shorter
compared with others in both phrases.

Puc. 6. 'paduk, IOKa3bIBAIOMINI MHTEPBAABL MEXKAY CEpU-
saMu B Tom ke gparmente curnasa Cicadetta flaveola Brullg,
Kak Ha Puc. 5. B Teuenme dpasst B kaskabIit TpeTmii mHTEpBaA
CYIJECTBEHHO KOPOYE IO CPaBHEHMIO C APYIMMM B 06OMX

dpasax.

ECOLOGY. As mentioned before we found this spe-
cies in localities between 100 and 1200 m. They usually
sit and sing on grass or other green plants in meadows
or forest clearings. They are active at daytime and call
at temperatures between 16 and 25°C or higher. The
single male is singing periodically at the same spot for
one or a few minutes, then, when it stops, another male
starts to sing a few meters away, then the next one or
again the first one. Therefore and due to the cryptic
green to yellow coloration it is not easy to spot the
singing males in the field.
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Chscusson

First e hamre to merdion that according to Boalard
and Puaiccand (pers. comomn ) fhe tawon G cudetha flaves
Iachendd be plac ed  ber some merphological characters
ecpe Cially the wring venation (5 apical cells mothe hind
wingzs and 4 commen oot of W and Cud e noin frond.
wings), nto the gerais Cradvedts [Boalard, 1952].
Since thic opindon is nwot pub bshed et we did not
chanyze the name of the germs.

A zomyg pattern closest to the ome of Cicadetsn
JEmveok described ghowe is probably the cong of £
Phora covttented Boulard, 19582 [Quartan & Simdes,
2004]. The ecology and behundomr of the &, covaterger is
similar to fhe eco-etho logyr of the O fTaveala cince both
are cNEing on grass of herhacemy plate [compare
Faer etal 2004 ] Snother cpe cies with dSmibr ec ology
from Bmope is Cicadeta medierewa Feber 1876,
Aleo mnothis cpecies omne plrase (phrase I coneksts of
ey shorte cheme 5 (11-17 meswith high re pet # onT ate
and brg echemes [ Gogala & Popowr, 199 7], This condd
be an adaptation to the acoastic condiions m oach
hahitate Tt mach 4 Fop ofhe 2ie chonald e aapporte d by
et aconletic me anre et

Tematypica of O flaveala &, a5 mentione dbefore,
Peloporme ais, Greece, Mewertheless, the geographic
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distr ibntion of this gpecies reporte d by some aahors is
muach wider, Hast [1972] and Indfels & wan der Laan
[19285] mertion 0 additien to Greec e fhe folloag coune-

tries: Slzeria, Ttabye (Siciby), Mlorocc o, Pothyzal, Spain,
Georzia, Kazabhctan, Tadshikictanand Tvrborerda Hegrer-

thueless, Raer et al. [2004] coadd ot fnd this species
uim'tngrecermfieldwnﬂ-: i Porbazal.

Erren f or Gre ec e thers ate datanot ondyfor Peloporn-
nesas bt also for Eact Dfacedonia and the icland of

Eabmmmos (Dodekane o) [Droosopoalas  unpniblished
data]. Honar arith fhe Fouearle dge of it Ccalling cong, the
distribtion of & faveclaarillbe mach easierto check,
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Fig. 3. Oscillograms of the calling song of Cicadetta flaveola Brullé:
a — phrases B, A, B; b — phrases C, A and mixed phrase B—C.

Puc. 3. Ocymasorpammsl mpusbiBHOTO curHasa Cicadetta
flaveola Brullé: a — ¢passet B, A, B; b — dpaset C, A u
cmeranssie $passt B—C.

Fig. 4. Oscillograms showing pulse structures of Cicadetta
flaveola Brullé: a — sample of the shortest echeme with 4
double pulses, soft “in” and loud “out” clicks representing the
basic “4-click unit”; b — 2 long echemes comprising 6 and 7
“4-click units” and 3 short echemes comprising 2 and 1 unit.
Note a different time scale in Fig. 4b!

Pric. 4. OcymaAOTPaMMBI TIOKA3bIBAIOT ITYABCUPYIOIIUE CTPYK-
typst Cicadetta flaveola Brullé: a — npumep camoit KOpoTKoii
cepun ¢ 4 ABOVIHBIMM IIyABCAMM, TUXUE LJEAUKM “TIpormbaHms
tumbara” w rpomxme “Boirmbanms Tmmbara” HIPEACTABASIOT
coboil ocHOBHYIO “4-1jeaukoByio eamHuyy; b — 2 aamHHBIE
cepun, cocrosigne us 6 m 7 “4-myeauxospix eammny’ u 3
KOopoTKMe cepmu, coctosmgue u3 2 mn 1 eammmy. O6patnte
BHMUMAaHUE, yTO Ha Puc. 4b apyras BpemenHas mkasal

FREQUENCY RANGE. The frequency spectrum of
the Cicadetta flaveola calling song has a wide range.
There is a main peak of frequencies between 13.5 and 16
kHz with a secondary peak or plateau in the range of 6
to 8 kHz. The -20 dB range of the main peak covers the
frequencies between 8 and 19 kHz. Such frequency
characteristics can be expected from the size of these
singing cicadas [Bennet-Clark & Young, 1994].

Due to the high frequency content of this song it makes
sense to use the ultrasonic or “bat” detector for listening,
detecting and recording these cicadas in the field.
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Fig. 5. Graph showing echeme durations during phrase A
and B of the song of Cicadetta flaveola Brullé. Duration of
shortest echemes is about 8 to 9 ms, higher values of short
echeme durations are two to three times higher than the “4-
click unit”. Long echemes in phrases B are in this recording
composed by 7—8 basic units.

Puc. 5. T'paduk, NMOKashBAIOIMUIA ITPOAOAYKUTEABHOCTD Ce-
pwit B Teuenme ¢pas A u B mecun Cicadetta flaveola Brullé.
ITpOAOAYKMTEABHOCTD CaMBIX KOPOTKMUX Cepuit — Ipnbamsu-
TeABHO OT 8 A0 9 mc, boAee BBICOKME 3HAYCHMUS ITPOAOAIKUTEAD-
HOCTEVl KOPOTKMX cepuii B 2—3 pasa Bblile Yem *4-IjeAuxoBast
eannmnya’. Aamnnsle cepun Bo dpasax B arori sammem cocrost
"3 7—8 OCHOBHBIX E€AMHMUL].
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Time [s]

Fig. 6. Graph showing intervals between echemes during the
same song sequence of Cicadetta flaveola Brullé as in Fig. 5.
During B-phrases every third interval substantially shorter
compared with others in both phrases.

Puc. 6. 'padux, IOKA3BIBAIOMIMII MHTEPBAABL MEKAY CePH-
saMu B Tom ke parmente curnasa Cicadetta flaveola Brullé,
kak Ha Puc. 5. B redenne dpasst B Kaskablli TpeTHii MHTEpBaA
CYLJECTBEHHO KOPOYE IO CPaBHEHUIO C APYIMMU B obomx

dpasax.

ECOLOGY. As mentioned before we found this spe-
cies in localities between 100 and 1200 m. They usually
sit and sing on grass or other green plants in meadows
or forest clearings. They are active at daytime and call
at temperatures between 16 and 25°C or higher. The
single male is singing periodically at the same spot for
one or a few minutes, then, when it stops, another male
starts to sing a few meters away, then the next one or
again the first one. Therefore and due to the cryptic
green to yellow coloration it is not easy to spot the
singing males in the field.
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Fig. 7. Graph showing echeme durations during phrase A
and C of the song of Cicadetta flaveola Brullé. The last phrase
in the graph is a mixed one with elements of B and C. One can
see the regular sequence of one long and one short echeme
during the C phrase. Phrases C are separated by phrases A with
short echemes composed by 3 basic “4-click units”.

Puc. 7. I'paduK HOKa3bIBAET IPOAOAKUTEABHOCTh CEPUU B
teuerne ppas A n C necun Cicadetta flaveola Brullé. TTocaepnsis
dpasa Ha rpaduke mpepcTaBaseT cobOi cmech 3AeMeHTOB (pa3s
B 1 C. MO>KHO BMAETb PETYASPHYIO IIOCAEAOBATEABHOCTD OAHOT
AAVIHHOVL " OAHOV KOPOTKOW cepuit B Tederne ¢ppasst C. Opasst
C paspeaenst ¢ppasamu A ¢ KOPOTKMMU CEPUSIMU, COCTOSILIUMM
M3 3 OCHOBHBIX “4-IJEAYKOBBIX eAMHMIY .

Discussion

First we have to mention that according to Boulard
and Puissant (pers. comm.) the taxon Cicadetta flaveo-
la should be placed, by some morphological characters
especially the wing venation (5 apical cells in the hind
wings and a common root of M and CuA vein in front
wings), into the genus Cicadivetta [Boulard, 1982].
Since this opinion is not published yet we did not
change the name of the genus.

A song pattern closest to the one of Cicadetta
flaveola described above is probably the song of Fury-
phara contentei Boulard, 1982 [Quartau & Simoes,
2004]. The ecology and behaviour of the E. contentei is
similar to the eco-ethology of the C. flaveola since both
are singing on grass or herbaceous plants [compare
Sueuretal., 2004]. Another species with similar ecology
from Europe is Cicadetta mediterranea Fieber 1876.
Also in this species one phrase (phrase II) consists of
very short echemes (11-17 ms) with high repetition rate
and long echemes [Gogala & Popov, 1997]. This could
be an adaptation to the acoustic conditions in such
habitats but such a hypothesis should be supported by
exact acoustic measurements.

Terra typica of C. flaveola is, as mentioned before,
Peloponnesus, Greece. Nevertheless, the geographic
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distribution of this species reported by some authors is
much wider. Nast [1972] and Duffels & van der Laan
[1985] mention in addition to Greece the following coun-
tries: Algeria, Italy (Sicily), Morocco, Portugal, Spain,
Georgia, Kazakhstan, Tadzhikistan and Turkmenia. Never-
theless, Sueur et al. [2004] could not find this species
during recent field work in Portugal.

Even for Greece there are data not only for Pelopon-
nesus but also for East Macedonia and the island of
Kalymnos (Dodekanesos) [Drosopoulos, unpublished
data]. Now, with the knowledge of its calling song, the
distribution of C. flaveola will be much easier to check.
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