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Similar calling signals in different species of leathoppers
(Homoptera: Cicadellidae): an example of Paralimnini

CxoAHbIE IPU3BIBHBIE CUTHAABI ¥ Pa3HbBIX BUAOB LIMKAAOK
(Homoptera: Cicadellidae): nccaeposaune va nmpumepe Paralimnini

D.Yu. Tishechkin
AJO. Tuineukmu

Department of Entomology, Faculty of Biology, M.V. Lomonosov Moscow State University, Vorobyevy Gory, Moscow 119992, Russia. E-

mail: macropsis@yandex.ru.

Kadenpa suromonornu, buonornueckunit daxymprer, MOCKOBCKHI rocyaapcTBeHHBIH yHUBepcuTeT uM. M.B. JlomonocoBa, BopoGbeBs

T'opsl, Mocksa, 119992 Poccus.

KEY WORDS: leathoppers, taxonomy, diagnostic characters, vibratory signals, Paralimnini, Cicadellidae.

KJIFOUEBLIE CJIOBA: nukamoBbie, CHCTEMAaTHKA, JUATHOCTHICCKUE TPU3HAKH, BUOPAIMOHHBIC CUTHAJIBI,

Paralimnini, Cicadellidae.

ABSTRACT. Examples of similarity of calling sig-
nals in different species of Paralimnini (Homoptera:
Cicadellidae) are discussed. Species producing signals
with identical structure never come into acoustic inter-
actions with each other due to differences in host spe-
cialisation, habitat preferences or geographical distri-
bution. Therefore, using of bioacoustic characters in
systematics without considering the data on biology
and distribution can lead to wrong taxonomic conclu-
sions, because the similarity or even absolute identity
of structure of signals in different forms is not always
unequivocal evidence of their synonymy.

PE3IOME. PaccMoTpeHs! IpUMepHsI CXOACTBA MpU-
3BIBHBIX CUTHAJIOB Y pa3HbIX BUOB Paralimnini (Homo-
ptera: Cicadellidae). Bo Bcex cimydasix Buabl, U3aaro-
M€ WISHTUYHBIE M0 CTPYKTYPE CUTHAIIBI, HE BCTYIA-
10T B aKyCTHUYECKUI KOHTAKT I10 MPUYHHE PA3JINIni B
KOPMOBOH CIIEIMaIn3anny, OMOTOMMYECKOH MpUypo-
YEHHOCTH WY Teorpaduaeckom pacripocTpaneHuu. Ta-
KM 00pa3oM, MCHOJIb30BaHHEe OM0aKyCTUIECKHX TPH-
3HAKOB B CHCTEMaTHKe 0e3 yuéTa JaHHBIX MO pacrpoc-
TPaHEHUIO W OWOJIOTMH MOKET MPUBECTH K OIIMO0Y-
HBIM TAaKCOHOMHYECKUM 3aKJIIOUEHHSIM, ITOCKOJBbKY
CXOJICTBO WIJIM J@)Ke IOJHAs WJICHTUYHOCTH CHI'HAJIOB
pa3HbIX (hOpM OTHIOJb HE BCET/A SIBIISIETCS JIOKA3a-
TEJIbCTBOM MX CHHOHHUMHUH.

It is well known that these are differences in tem-
poral pattern of calling signals, which provide repro-
ductive isolation in many species of insects using
acoustic communication. For this reason, analysis of
signals is successfully employed in taxonomy for
discrimination between cryptic species and for estab-
lishing of status of closely related forms showing
small morphological differences. Similarity of signal

patterns in different forms does not always indicates
that they belong to the same species, however.

For example, in certain grasshoppers, e.g., in Eu-
ropean Euchorthippus and in a number of Omocestus
species (Orthoptera: Acrididae) temporal pattern of
calling signals is quite similar and sometimes is al-
most identical [Ragge & Reynolds, 1984; Ragge,
1986]. Recent investigation of calling songs in grass-
hopper communities demonstrated that the complex
of temporal parameters of signal determines for each
species its own place in the acoustic environment of
the community, so-called acoustic niche, which is a
part of the ecological niche as a whole [Bukhvalova,
2006]. Signals of species belonging to the same com-
munity differ from each other, i.e. occupy different
acoustic niches, whereas in members of different com-
munities they sometimes are almost indistinguishable
in temporal pattern. This is no barrier to successful
communication because such species never come into
acoustic interactions with each other.

Similar situation takes place in Psyllinea (Ho-
moptera). Temporal pattern of calling songs in this
group for the most part is species-specific. Nonethe-
less, in a number of species signals are quite similar
and cannot be told apart with certainty [Tishechkin,
2006]. Occasionally, such species are formally sym-
patric, i.e. live in the same biotope. Still, it should be
remembered, that psyllids use not airborne sounds,
but substrate-borne vibrations for their communica-
tion. Such signals cannot be transmitted from one
plant to another without physical contact. Consequent-
ly, forms with narrow host specialization dwelling on
different plant species as a rule cannot hear the signals
of each other.

Small Auchenorrhyncha (Homoptera: Cicadinea
with the exception of singing cicadas, Cicadidae) also
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produce substrate-borne vibratory signals. Although a
great number of representatives of many orders of
insects possess well-developed acoustic communica-
tion, signals of Cicadinea stands out because of most
elaborate temporal structure. Even in closely related
species the pattern of calling songs sometimes is com-
pletely different. Thus, in many taxa of Cicadinea
acoustic analysis provides useful characters for dis-
crimination between cryptic species [for example,
Tishechkin, 1999a, b, 2002]. By contrast, in certain
tribes of leathoppers (Cicadellidae) and in some Fulgor-
oidea the structure of signals is rather simple and
uniform. Differences between signals of closely relat-
ed species in such groups are indistinct or absent.
Therefore, signal analysis for taxonomic purposes
must be used with caution in this situation.

Certain examples of similarity of calling signals in
the representatives of the tribe Paralimnini (Homoptera:
Cicadellidae: Deltocephalinae) will be discussed here.

Recordings of vibratory signals were made by
means of piezo-electric crystal gramophone cartridge
connected to the microphone input of cassette record-
er “Elektronika—302—1" or minidisk recorder Sony
Walkman MZ-NH900 via the matching amplifier. In
all cases manual mode of recording level control was
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used. Analysis of recordings was performed on PC
provided with analog/digital converter and appropri-
ate software.

Data for recordings of signals of leathoppers used
in the paper are given in the Table.

Itis apparent, that in allopatric species differences
in structure of communication signals plays no role in
reproductive isolation. Consequently, such forms can
produce similar signals and still exist as separate
species. In certain Paralimnini that is the case.

Sorhoanus medius (Mulsant et Rey, 1855) and S.
hilaris (Melichar, 1900) are common and abundant
steppe-dwelling species feeding on grasses (Poaceae).
They inhabit similar biotopes, but the range of the
former one includes Europe, Kazakhstan and southern
part of Western Siberia, whereas the latter occurs in
steppes of Eastern Siberia (Irkutsk Area, Transbaikalia,
Yakutia) and in Central and Eastern Mongolia. In both
species, calling signals consist of single or regularly
repeating short fragments with variable shape (Figs 1—
10 and 11-16). Occasionally, fragments of quite differ-
ent shape present in the signals of specimens from the
same population (Fig. 1). Inner structure of signals also
varies greatly. Signal consists either of sine waves (Figs

Data for recordings of calling signals of the studied species of Paralimnini
AaHmble 0 3aMMCAX TPU3BIBHBIX CUTHAAOB M3Y4E€HHBIX BUAOB Paralimnini

. . Air temperature
Species Locality during reclz)rding, °C
1. Moscow Area, Serpukhov Region, the valley of Oka Riv. E 71
of Luzhki Vill,
Sorhoanus medius 2. Saratov Area, steppe on the hills about 15 km WSW of 2305
(Mulsant et Rey, 1855)|Khvalynsk.
3. Altai, southern end of Teletskoe Lake, the valley of 28
Chulyshman Riv. in the env, of Balykcha Vill.
1. Buryatia, 10 km E of Onokhoy (about 60 km E of Ulan- 2730
S. hilaris Ude), steppe in the valley of Bryanka Riv.
(Melichar, 1900)|2. SE of Chita Area, Klichkinskiy Ridge near the crossing with 77
Urulyunguy Riv. (15 km W of Klichka Town)
Mocue”(tgochoellil:;ﬁf 1850) Moscow Area, Voskresensk Region, env. Beloozerskiy Town. 20
M. angustiarum North Ossetia, Alagir Gorge (the valley of Ardon Riv.), arid 20-21
Tishetshkin, 1994|depression in the env. of Zintsar Vill.
Psammogertrtlzzlgz;;()o{?’zlc 90?; Volgograd, gramineous vegetation on saline land. 23, 25-27
P. kaszabi Dosang Railway Station about 60 km N of Astrakhan', 26
Dlabola, 1961 | Artemisia subg. Seriphidium on saline land.
Diplocolenus fraenfeldi 1. E of Saratov Area, 4-5 km N of Ozinki Town. 26-27
. 2. Buryatia, 10 km E of Onokhoy (about 60 km E of Ulan-
(Fieber, 1869) . .o 22-23
Ude), glades in dry pine forest.
D. suttholli Buryatia, 10 km E of Onokhoy (about 60 km E of Ulan-Ude), 2425
Vilbaste, 1980 |steppe in the valley of Bryanka Riv.
D. bohemani 1. Moscow Area, Voskresensk Region, env. Beloozerskiy Town. 21
(Zetterstedt, 1840)|2. Altai, southern end of Teletskoe Lake. 24-25
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Figs 1—16. Oscillograms of calling signals of males: 1—10 — Sorhoanus medius; 1—5 — from Saratov Area; 6—9 — from Moscow
Area; 10 — from Altai; 11-16 — S. hilaris; 11—15 — from Buryatia; 16 — from Chita Area. Parts of signals indicated as 2—5, 9 and
12 are given on oscillograms under the same numbers.
Puc. 1—16. Ocymarorpammpl TpuU3bIBHBIX cUrHAAOB camyos: 1—10 — Sorboanus medius; 1—5 — wn3 Caparosckoit 06a; 6—9 — u3
Mocxkosekon 06a; 10 — ¢ Aatas; 11-16 — S. hilaris; 11—=15 — u3 Bypartum; 16 — us Untmackon oba. PparmeHTs CUTHAAOB,
obosnasenusle gudpamn 2—5, 9 u 12, mpeacTaBACHBI HA OCUMAAOTPAMMAX IHOA TAKUMI JKE€ HOMEPAMMUL.
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Figs 17—33. Oscillograms of calling signals: 17—-21 — Mocuellus collinus; 22—24 — M. angustiarum; 25—27 — Psammotettix
atropidicola; 28—33 — P. kaszabi. Parts of signals indicated as 18, 20, 26, 29 and 31—33 are given on oscillograms under the same
numbers.

Puc. 17—33. Ocymasorpammpt npusbiBHbIX curHaros: 17—21 —Mocuellus collinus; 22—24 — M. angustiarum; 25—27 — Psammotettix
atropidicola; 28—33 — P. kaszabi. ®parmentsr curaaros, obosnauennsie yudpamu 18, 20, 26, 29 n 31—33, mpeacraBaensr Ha
OCI:IT/LAAOI‘PHNLVKHX II0OA TaKMMU JKE HONlePaNlTA.
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4-5), or of vibrations with more complex and less
regular shape (Figs 8-9). Evidently, variability of waves
shape is a result of different transmission properties of
the parts of twigs or stems and of differences in relative
position of singing insect and vibrotransducer detect-
ing vibrational signal. So, as is seen from the oscillo-
grams on Figs 1-16, no clear-cut distinction exists
between calling signals of these two species.

Mocuellus collinus (Boheman, 1850) and M. angus-
tiarum Tishetshkin, 1994 is another pair of species
indistinguishable in structure of acoustic signals. M.
collinus is a transpalaearctic species dwelling on grass-
es in various open habitats. M. angustiarum was found
only in highly peculiar mountain steppes in arid depres-
sion between the ridges of North Ossetia (North Cauca-
sus) and, apparently, is endemic of this region. Signals
of both species are syllables, i.e. successions of more or
less distinct pulses with total duration approximately
from 0.8 up to 1.5 s (Figs 17-21 and 22-24). They are
similar both in temporal pattern and in duration of
series. On average, syllables of M. angustiarum are
somewhat shorter; still, signals of two species overlap
almost completely in this parameter.

Calling signals of the most part of the studied
species of Psammotettix have the same scheme of
temporal pattern. They consist of short syllables fol-
lowing each other with more or less regular intervals
[Tishechkin, 1999c, 2000]. Signals of different spe-
cies differ from each other mostly in the length of
syllables. However, in certain cases they overlap in
this character as well. Psammotettix kaszabi Dlabola,
1961 and P. atropidicola Emeljanov, 1962 are an
example. Syllables repetition period in their signals is
rather variable and has similar values in both species
(Figs 25 and 28, 30) as well as the duration of syllables
(Figs 26-27, 29, 48). Certain differences in the struc-
ture of pulses is of no concern, because the shape of
waves in substrate-transmitted vibrations dependsto a
large extent on the physical properties of a substrate,
as it was mentioned above. As a result, signals of
insects singing in different points on the same plant
are somewhat different (Figs 30-33).

Both species dwell on saline lands in southwestern
part of European Russia and in Kazakhstan and often
can be found in the same habitat, e.g., in the Lower
Volgaregion. On the other hand, their host specialisa-
tion is quite different. P. kaszabi feeds on salt worm-
woods (Artemisia subg. Seriphidium), whereas P. at-
ropidicola dwells on Puccinellia spp. (Poaceae), thus,
they avoid acoustic interference.

Similar situation is observed in the species of
Diplocolenus s.str. 1 failed to find any differences
between the signals of three species studied (D. bohe-
mani (Zetterstedt, 1840), D. frauenfeldi (Fieber, 1869)
and D. suttholli Vilbaste, 1980) basing on available
material. As in the cases discussed above, the shape of
waves in a syllable (Figs 35-36 and 37-38, signals of
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the same male are presented on oscillograms) as well
as the outline of syllables and their duration (Figs 34—
35, 37 and 39-46) provide no reliable diagnostic
characters. All species are partly sympatric. The rang-
es of D. bohemani and D. frauenfeldi include Europe,
Kazakhstan and Southern Siberia (possibly, with the
exception of Eastern Transbaikalia). D. suttholli in-
habits steppes of Mongolia and Southern Siberia (Tyva,
Buryatia). These species were never found in the same
biotope, however. For instance, in Buryatia D. sut-
tholli was collected only on the meadows with steppe
vegetation on the river banks, whereas D. frauenfeldi
dwelled on the glades in dry pine forest on the slopes
of the hills surrounding the valley (Table).

Therefore, the shape of waves in a signal, as well
as the outline of syllable (slope of the leading and
trailing edges, etc.) can vary greatly even within the
same recording, especially ifthe singing insect chang-
es its position from time to time (Figs 34-38). Conse-
quently, differences of this kind revealed between two
or three selected oscillograms do not give grounds for
any taxonomic conclusions.

Duration of syllables is also rather variable. This
parameter can vary by a factor of about 1.3—1.5 and
more at constant temperature (Figs 47—48). In addi-
tion, it should be taken into account that under natural
conditions temperature varies from place to place,
even on a very small scale. As it was demonstrated by
de Vrijer [1984], females of planthoppers respond
remarkably well to playback of male calling signals at
temperatures differing by 5°C from the male calling
temperature. Thus, it is believed that comparison of
signals recorded at temperatures differing within the
range of 5°C is quite correct.

Although the ranges of variability of syllables
duration in different species overlap considerably or
even completely, statistical differences between sam-
ples exist almost always. In the present study Wilcox-
on test was used for estimation of probability of iden-
tity of the samples presented on histograms on Figs
47-48. It was found that all samples including record-
ings ofthe same species from different localities differ
significantly from each other. Consequently, in this
case it is impossible to discriminate between species
and intraspecific forms using statistical methods. More-
over, as arule receptive female starts singing in reply
to calling male almost immediately. So, even if it is
granted that female possesses in the nervous system
some mechanism capable of statistic analysis, it should
hear considerable number of signals to obtain a suffi-
cient sample prior to producing reply.

In certain cases species producing similar signals
differ distinctly from each other in the shape of genita-
lia. The studied species of Mocuellus (Figs 49-50 and
51-52) and Psammotettix [Emelyanov, 1964] can be
mentioned as an example. D. bohemani also differs
from all congeneric species in these characters. Mor-
phological differences between two other species of the
genus and also, between Sorhoanus medius and S.
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hilaris are not so clear (Figs 53—56 and 57-60). In such
cases the use of acoustic analysis without considering
the data on biology and distribution can lead to wrong
taxonomic conclusions. Species not involved into acous-
tic interactions in nature due to differences in geo-
graphical distribution, host specialisation or ecological
preference can produce signals indistinguishable in
temporal pattern. Therefore, the similarity or even ab-
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solute identity of structure of calling signals is not
always unequivocal evidence of synonymy of the forms
under investigation.
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Figs 34—46. Oscillograms of calling signals of males: 34—39 — Diplocolenus frauenfeldi; 34—38 — from Saratov Area; 39 — from
Buryatia; 40—42 — D. suttholli; 43—46 — D. bohemani, 43—44 — from Altai, 45—46 — from Moscow Area. Parts of signals indicated
as 35—36, 38, 41 and 44 are given on oscillograms under the same numbers.

Puc. 34—46. Ocymarorpammbl IIPU3BIBHBIX cUrHAAOB camyos: 34—39 —Diplocolenus frauenfeldi; 34—38 — n3 Capatosckori 06a.,
39 — u3 Bypsrrum; 40—42 — D. suttholli; 43—46 — D. bobemani; 43—44 — ¢ Aaras, 45—46 — u3 Mockosckoit 06a. PparmeHTsI CUTHAAOB,
obosnauennsie gudpamn 35—36, 38, 41 u 44 npeacTaBAEHBI HA OCUMAAOTPAMMAX TIOA TAKUMU K€ HOMEPAMM.
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Figs 47—48. Syllables duration in calling signals: 47 — Sorboanus medius and S. hilaris; 48 — Psammotettix kaszabi and P.
atropidicola. Each point on histograms denotes duration of one syllable.

Puc. 47—48. AAuTeAbHOCTD cepuit B MPM3BIBHBIX curHarax: 47 —Sorboanus medius n S. hilaris; 48 — Psammotettix kaszabi n P.
atropidicola. Kasxaast To4Ka Ha IMCTOTpammax COOTBETCTBYET AAMTEABHOCTW OAHOM CEpMu

Ml
IIEN

55 56

Figs 49—60. Penis: 49—50 — Mocuellus collinus; 51—52 — M. angustiarum; 53—>54 — Sorbhoanus medius; 55—56 — . hilaris; 57—58
— Diplocolenus frauenfeldi; 59—60 — D. suttholli; 49, 51, 53, 55, 57, 59 — lateral view; 50, 52, 54, 56, 58, 60 — back view.

Puc. 49—60. Iernc: 49—50 — Mocuellus collinus; 51—52 — M. angustiarum; 53—54 — Sorhoanus medius; 55—56 — S. hilaris; 57—
58 — Diplocolenus frauenfeldi; 59—60 — D. suttholli; 49, 51, 53, 55, 57, 59 — cboky; 50, 52, 54, 56, 58, 60 — czaam.
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