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ABSTRACT. A study of the male calling signals of
species of the Aphrophora salicina group in Russia, Kaza-
khstan, and Kyrgyzstan showed that three species of this
group occur in this territory. A. salicina (Goeze, 1778) =
A. pectoralis Matsumura, 1903 syn.n. occurs throughout
Russia and in Kazakhstan and Central Asia. A. willemsi
Lallemand, 1946 previously misidentified by European
authors as A. pectoralis = A. costalis Matsumura, 1903 is
distributed in the central regions of European Russia and
in Siberia eastwards at least to Buryatia. A. itiliensis sp.n.
so far was found only in the Lower Volga region. All three
species distinctly differ in the calling signal temporal pat-
terns and can occur in the same locality. In morphological
traits, A. salicina and A. willemsi differ from each other in
the length of the ovipositor and the length of the hairs on
the forewings; A. itiliensis sp.n. differs from these species
in the shape of the pygofer processes.

PE3IOME. HccnenoBanue NPHU3BIBHBIX CHTHAJIOB
camioB BunoB rpymnsl Aphrophora salicina B Poccun,
Kazaxcrane u Kbipreizcrane nokasano, 4yTo Ha JaHHOM
TepPUTOPUH OOUTACT TP BUIA 3TOi rpymmel. A. salicina
(Goeze, 1778) = A. pectoralis Matsumura, 1903 syn.n.
BCTpeuaeTcs: 1o Bceil Tepputopuu Poccuu, a Takxke B
Kazaxcrane u 8 Cpenneit Asun. A. willemsi Lallemand,
1946, panee omMO0OYHO OIPECIICHHBIN EBPONCHCKIMU
aBropamu kak A. pectoralis = A. costalis Matsumura,
1903, pacmpocTpaHeH B IEHTpaJIbHBIX paiioHax EBpo-
netickoir Poccun 1 B Cubupu Ha BOCTOK 1O KpalHei

Mmepe no Bypstuum. A. itiliensis sp.n. moka obHapyxeH
tonbko B Huxunem IoBomxse. Bee Tpu Buia yetko pas-
JIMYAIOTCS 110 BPEMEHHOMY PHCYHKY TPH3BIBHBIX CUTHA-
JIOB CaMIIOB ¥ MOT'YT BCTpeUaThCs B OHOM reorpagude-
ckoii Touke. Mopdonoruuecku A. salicina u A. willemsi
pas3yMyaroTcs JUIMHOM siileKIaga M JUIMHOW BOJIOCKOB
Ha HaZKpbUIbsX; A. itiliensis sp.n. ommyaercst ot 3THX
BHIOB (hOPMOIt OTPOCTKOB TUTO(OPA.

Introduction

For a long time, it was believed that Aphrophora sal-
icina (Goeze, 1778) (Homoptera: Cercopoidea: Aphro-
phoridae) has no closely related species in Europe. In the
middle of the XX century a related species, A. willemsi
Lallemand, 1946, was described from Belgium. How-
ever, later it was not found anywhere by any authors.

Ossiannilsson [1981] in his famous monograph on
Auchenorrhyncha of Fennoscandia and Denmark, indi-
cated that, in addition to A. salicina, a closely related
species, A. costalis Matsumura, 1903, described from
Hokkaido, Japan, occurs in Europe. He showed that
these species differ in the length of the ovipositor, col-
oration, and the length of the hairs on the forewings, but
are indistinguishable in the shape of the male genitalia.
Komatsu [1997b] reinvestigated the type specimens of
Aphrophora from the Matsumura collection and estab-
lished a synonymy A. pectoralis Matsumura, 1903 =
A. costalis Matsumura, 1903.
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Van Stalle [1989] studied the types of A. willemsi
and concluded that this name is a junior synonym of
A. alpina Melichar, 1900, of which he did not investi-
gated types; it should be noted that presently, A. alpina
is considered a junior synonym of A. major Uhler, 1896
described from Japan. Later, Liang [2006] also reinves-
tigated the types of A. willemsi and established the syn-
onymy A. salicina = A. willemsi. In his article, he does
not mention the work of Van Stalle [1989] and, appar-
ently, did not know about its existence.

In the east of the Palearctic, the genus Aphrophora
includes a large number of closely related species [Anu-
friev, Emelyanov, 1988; Komatsu, 1997a, b, c]. In this
regard, we performed a comparative study of the male
calling signals of six species of this genus in Primorsky
Krai and revealed signal traits suitable for species diag-
nostics. It was shown that in species producing long sin-
gle or irregularly repeated signals, including the mem-
bers of the A. salicina species group, the most reliable
signal traits are the temporal pattern and the repetition
period of syllables [Tishechkin, 2011]. Subsequently,
we continued the investigation of Aphrophora signals in
European Russia, Siberia, Kazakhstan, and Central Asia.
This made it possible to clarify the status of A. willemsi
and obtain new data on its distribution, establish a new
synonym, and reveal an undescribed species from the A.
salicina species group. The results of these studies are
presented below.

Material and methods

Froghopper vibrational signals were recorded by means
of portable recording equipment consisting of a piezocrystal
gramophone cartridge GZP-311 connected to the microphone
input of a cassette recorder Elektronika-302 (before 2005), mi-
nidisk recorder Sony Walkman MZ-NH900 (2005-2016), or
Roland R-05 wave/mp3 recorder (since 2017) via a custom-
made matching amplifier. For recording, a stem of the host
plant about 10—15 cm in length was attached to the cartridge
by a rubber ring with the cartridge needle slightly touching the
stem. Then a nylon cage containing a male froghopper was put
on the twig. After some time, the male usually sat on the twig
and started singing.

Oscillograms of signals were produced with Cool Edit Pro
2.1 software.

For elements of signal temporal pattern, the following terms
are used. Pulse is a brief elementary fragment of signal (or suc-
cession of sine waves) with rapid increase and subsequent de-
crease of amplitude, i.e. separated from similar fragments by
amplitude minimums. Short fragments with constant temporal
pattern repeated with regular intervals and consisting of uniform
or different pulses are referred to as syllables. Any more or less
prolonged signal with complex pattern (e.g. succession of simi-
lar or different syllables) is referred to as a phrase.

Digital images of male genitalia were obtained with a Mi-
cromed 3 LED M microscope equipped with a MIchrome 5
Pro camera (Tucsen). The map of signal recording localities
was produced using free software from www.simplemappr.net.

Materials studied, including the type series of the new spe-
cies, are deposited in the collection of the Zoological Museum
of M.V. Lomonosov Moscow State University.

Small Auchenorrhyncha use for intraspecific communica-
tion vibrational signals transmitted via plant stems or leaves on
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which the insects occur. The differences in the structure of the
calling signals emitted by males to attract conspecific females
constitute the principal precopulatory reproductive barrier in
this group. Species that do not perceive each other’s signals
due to allopatry or differences in host specialization can pro-
duce signals with an almost identical temporal patterns, so the
similarity of signals is not always the basis for establishing
synonymy. On the other hand, clear differences in signal pat-
terns always indicate that the studied taxa are biological spe-
cies (review: Tishechkin [2013]). Therefore, when differentiat-
ing close forms by their signals, one can actually discriminate
between biological species based on the very criterion of their
reproductive isolation.

Based on this, at the first stage of research, we recorded the
signals of Aphrophora spp. from different host plants and from
different geographic locations. Comparative analysis of signal
patterns made it possible to divide the collected material into
three biological species (Fig. 1-32). The morphological study
of individuals whose signals were recorded, in turn, made it
possible to reveal morphological traits for species diagnos-
tics and, consequently, for the identification of specimens for
which no signal recordings exist.

Species of the A. salicina group of Russia,
Kazakhstan, and Central Asia

Aphrophora salicina (Goeze, 1778)
Figs. 1-11, 17-26, 32-38, 43, 46-47, 52-58

A. pectoralis Matsumura, 1903, syn.n.

MALE CALLING SIGNALS. Calling signal is a phrase
lasting from about 1 up to 5-6 s (Figs 1-11). In males from
European Russia, on average, phrases are shorter, than in
males from Central Asia and the Russian Far East (cf. Figs 1-5
and 6-11), but it is impossible to clearly distinguish between
European and Asian populations based on this trait. The male
can produce phrases irregularly or with intervals from 4-5
up to several tens of seconds. The phrase consists of uniform
syllables, normally including three pulses each (Figs 17-19,
21-26); only very occasionally some syllables consist of two
pulses (Fig. 20).

The most constant signal trait is the syllable repetition
frequency, although, like in all other insects, it increases with
temperature. We investigated the signals of A. salicina from
the central and southern regions of European Russia, from
Kyrgyzstan, southeastern Kazakhstan, and from the Russian
Far East (Fig. 32). Throughout this vast territory, this parame-
ter remained constant and averages 12—13 syllables/s at 22 °C,
15 syllables/s at 23-24 °C, and 16—17 syllables/s at 27-31 °C.

DESCRIPTION. Yellowish brown with lighter area at the
base of the costal margin of the forewing (Figs 33-36). Speci-
mens from the Russian Far East are darker, with yellowish spot
at the base of costal margin (Figs 37-38). Thus, contrary to the
assertions of some authors, in particular, Ossiannilsson [1981],
a yellowish spot at the base of the costal margin cannot be
used as a reliable trait for species diagnostics, since it is not
always developed. This fact was also pointed out by Komatsu
[1997b].

The hairs on the forewings are about two to three times as
long as punctures (Fig. 43) (about one and a half to two times
as long as punctures in two other species; Figs 44—45). The end
of the ovipositor does not extend or only slightly extends be-
yond the end of the anal tube (Figs 46—47). Pygofer appendages
widened in the middle or somewhat distally, with narrow apices
(Figs 52-55). Styles and penis of the same shape as in other
species of the A. salicina group (cf. Figs 56-58, 60-61, 66-69).
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Figs 1-16. Aphrophora spp., male calling signal oscillograms. 1-11 — A. salicina; 12—-13 — A. willemsi; 14-16 — A. itiliensis sp.n. Faster
oscillograms of the parts of signals indicated as “17-31” are given under the same numbers, signal recording localities are given under the oscil-
lograms. Scale mark at the bottom is the same for all oscillograms.

Puc. 1-16. Aphrophora spp., ocuniiorpaMmbl NpU3bIBHBIX CHrHaloB camuos. 1-11 — A. salicina; 12-13 — A. willemsi; 14-16 —
A. itiliensis sp.n. ®parmeHTsI CUTHAIIOB, TTOMeYeHHbIe Hudpamu “17-317, npeacTaBieHbl Ipy GOJIBIICH CKOPOCTH Pa3BEPTKU HA OCHUILIOTPAMMAX
IO/l COOTBETCTBYIOIIMMHI HOMEPAaMH, MecTa cOOpa HaCEKOMBIX [IUIsl 3allCH CUIHAJIOB YKa3aHbI MO/ OCLHIOrpaMMaMi. OTMETKa BPEMEHH BHHU3Y
001mast Uit BCeX OCLHIIIOTPAMM.
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Figs 17-31. Aphrophora spp., male calling signal oscillograms. 17-26 — A. salicina; 27-28 — A. willemsi; 29-31 — A. itiliensis sp.n. Signal
recording localities are given under the oscillograms. Scale mark at the bottom is the same for all oscillograms.

Puc. 17-31. Aphrophora spp., ocimmiorpaMMsl TIPU3BIBHBIX CHTHAIOB camioB. 17-26 — A. salicina; 27-28 — A. willemsi; 29-31 —
A. itiliensis sp.n. Mecra c6opa HACEKOMBIX [JIsI 3alIMCH CHTHAJIOB YKa3aHbl MO ocumuiorpaMmamu. OTMETKa BPEMEHH BHH3Y 00MIast Ui Bcex
OCLMILIOTPaMM.
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Fig. 32. Map of froghopper signal recording localities.
Puc. 32. Toukn c6opa HACEKOMBIX JJIsl 3AMTHCH CHTHAJIOB.

Body length (including tegmina): &, 8.8-10.1 mm; ¢,
10.0-10.9 mm.

DIAGNOSIS. Differs from two other species of the A. sal-
icina group by the male calling signal pattern and longer hairs
on the forewings. Also differs from A. willemsi by shorter ovi-
positor and from A. itiliensis sp.n. by widened pygofer proc-
esses (of almost equal width throughout all their length, with
widely rounded apices in A. itiliensis sp.n.).

HOST PLANTS. Was collected from Salix vinogradovii
A K. Skvortsov, S. alba L., and S. schwerinii E.L. Wolf in Rus-
sia, from unidentified Salix sect. Helix, S. wilhelmsiana M.
Bieb., S. tenuijulis Ledeb., and S. niedzwieckii Goerz in Kyr-
gyzstan; apparently, can feed on many other willow species.
Also, dense population of A. salicina was found on Populus
laurifolia Ledeb. in southeastern Kazakhstan.

DISTRIBUTION. Transpalearctic; the northern limits of
the range are unclear.

REMARKS. Identification of A. pectoralis is based on the
works of Anufriev, Emelyanov [1988] and Komatsu [1997b]
and on investigation of morphology and calling signals of
specimens from Primorsky Krai and southern Sakhalin. Com-
parison of the materials, including signal recordings, from
the Russian Far East and from European Russia showed that
A. pectoralis is conspecific with A. salicina.

A species with a longer ovipositor and shorter hairs on the
forewings mentioned by Ossiannilsson (1981) and subsequent
authors (e.g., Van Stalle, 1989; Biedermann, Niedringhaus,
2009; Anufriev, 2017) under the name A. costalis = A. pectora-
lis is actually a misidentified A. willemsi (see below).

Aphrophora willemsi Lallemand, 1946, stat.rest.
Figs. 12-13,27-28, 32, 39-41, 44, 48-50, 59-62

MALE CALLING SIGNALS. In general, the pattern of
the calling signal is the same as in A. salicina, but the sylla-
ble repetition frequency is almost half as much and averages
7-8 syllables/s at 24-27 °C, 8-9 syllables/s at 28-29 °C, and
9-10 syllables/s at 31 °C (Figs 1213, 27-28).

DESCRIPTION. Similar to A. salicina, but the yellowish
spot in the basal part of the costal margin of the forewing is
usually more distinct (Figs 39-41).

The hairs on the forewings are about one and a half to two
times as long as punctures (Fig. 44). The end of the ovipositor
extends far beyond the end of the anal tube (Figs 48-50). As
in A. salicina, pygofer appendages widened in the middle or
somewhat distally, with narrow apices (Figs 59, 62). Styles and
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penis of the same shape as in other species of the A. salicina
group (Figs 60—-61).

Body length (including tegmina): , 8.9-9.8 mm; @, 9.9
10.5 mm.

DIAGNOSIS. Differs from two other species of the
A. salicina group by the male calling signal pattern and longer
ovipositor. Also differs from A. salicina by shorter hairs on
the forewings and from A. itiliensis sp.n. by widened pygofer
processes (of almost equal width throughout all their length,
with widely rounded apices in A. itiliensis sp.n.).

HOST PLANTS. Was collected from S. cinerea L., uni-
dentified Salix sect. Vetrix, S. purpurea cultivar “nana”, and
S. alba in Moscow Oblast and on unidentified Salix species
in Transbaikalia. Obviously, like A. salicina, can also feed on
many other willow species. In Moscow Oblast, sometimes was
found on the same plant with A. salicina.

DISTRIBUTION. Western Europe, European Russia
southwards at least to the northern border of Volgograd Oblast
(Shcherbatovka about 50 km north-north-east of Kamyshin),
Western Siberia (Tomsk, Tyumen, and Kemerovo Oblasts),
Transbaikalia (Buryatia). Until now, was not found in Central
Asia and in the Russian Far East.

REMARKS. A. willemsi is the only European species of
the A. salicina group with such a long ovipositor. Identification
of this species is based on descriptions, drawings, and photo
of the holotype in Van Stalle [1989] and Liang [2007]; both
on the drawing in Van Stalle [1989] (reproduced on Fig. 50)
and on the photo in Liang [2007] long ovipositor is distinctly
visible.

Distinct differences between the male calling signal pat-
terns of A. salicina and A. willemsi from the same locality and
host indicate that these taxa are different biological species.

Male calling signals of A. major from the Russian Far East
(described in Tishechkin, 2011) distinctly differ from the sig-
nals of A. willemsi from Moscow Oblast and Transbaikalia in
the syllable temporal pattern and repetition frequency. Also,
A. major has another shape of the genital plates and is much
larger (body length in male 11.0-13.2 mm, in female 12.2—
14.0 mm). All this indicates that synonymization of these spe-
cies by Van Stalle [1989] is erroneous.

Signals of A. willemsi and A. obliqua Uhler, 1896 (described
in Tishechkin, 2011) are very similar. Still, A. obliqua Uhler,
1896 is a smaller species (body length in male 7.5-8.0 mm,
in female 7.8-8.3 mm) with quite another coloration and shape
of head and pygofer appendages. It occurs in the southern part
of the Russian Far East (Primorsky Krai), south-eastern China,
Korea, and Japan. Thus, it is allopatric with A. willemsi. Due
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Figs 33-51. Aphrophora spp. 33-38, 43, 46-47 — A. salicina; 3941, 44, 48-50 — A. willemsi; 42, 45, 51 — A. itiliensis sp.n. 33-42 —
dorsal habitus; 43-45 — hairs on the forewing; 46-51 — end of female abdomen, lateral view. Collection localities are given under the photos.

50 — holotype, after Van Stalle [1989].
Puc. 33-51. Aphrophora spp. 33-38, 43, 46-47 — A. salicina; 3941, 44, 48-50 — A. willemsi; 42, 45, 51 — A. itiliensis sp.n. 3342 —
BUJl cBepxy; 43—45 — BoNOCKM Ha mepenHeM Kpbuie; 46—51 — koner| Opromika camku cOoky. Mecta cOopa ykaszaubl 1o (oTorpadusmMu.

50 — ronorwi, o Ban Crame [Van Stalle, 1989].
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Figs 52—69. Aphrophora spp., male genitalia. 52-58 — A. salicina; 59—-62 — A. willemsi; 63—69 — A. itiliensis sp.n. 52-55, 59, 62—65 —
pygofer, ventral view; 56-57, 60, 67-69 — style; 58, 61, 66 — penis, dorsal view. Collection localities are given under the photos.

Puc. 52-69. Aphrophora spp., reauranuu camna. 52-58 — A. salicina; 59-62 — A. willemsi; 63—69 — A. itiliensis sp.n. 52-55, 59,
6265 — murodop, Bux cHuzy; 5657, 60, 67-69 — ctunyc; 58, 61, 66 — nenuc, Bux cBepxy. Mecra c6opa ykasaHsl oz poTorpapusmu.
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to this fact, these taxa do not come into acoustic contact, and,
consequently, the similarity of temporal patterns of their sig-
nals does not prevent their existence as different biological
species.

Aphrophora itiliensis Tishechkin, sp.n.
Figs. 14-16, 29-32, 42, 45, 51, 63-69

MATERIAL EXAMINED. Holotype, male, Russia, Trans-
volga part of Saratov Oblast, environs of Dyakovka village,
from Salix cinerea, 12.VI1.2004, D. Tishechkin, calling signals
recorded at 2629 °C; paratypes: same locality, date, host, and
collector, 3 3, calling signals recorded at 26-29 °C; same
locality, host, and collector, 10.VIL.2004, 1 J&; same locality
and collector, from S. vinogradovii, 13.VI1.2004, 1 J; Rus-
sia, northern part of Volgograd Oblast, Kamyshin Region,
environs of Shcherbatovka village, Shcherbakovsky National
Park, from S. cinerea, 11.VIL.2005, D. Tishechkin, 1 9; same
locality, host, and collector, 12.VIL.2005, 3 3, calling sig-
nals recorded at 22-23 °C; same locality, host, and collector,
13.VI1.2005,1 &, 3 22.

MALE CALLING SIGNALS. Calling signal is a phrase
lasting for about 1-4 s (Figs 14-16). Usually, the male pro-
duces several phrases separated by gaps averaging from 2-3
up to 10 s. The phrase is a succession of syllables; each syl-
lable consists of one shorter higher-amplitude pulse followed
by longer lower-amplitude one (Figs 29-31). Syllable repeti-
tion frequency averages 19-20 syllables/s at 26-29 °C and 16
syllables/s at 22-23 °C. As a rule, at the end of the phrase there
are 2—4 syllables of another shape, following each other with
longer intervals.

DESCRIPTION. Similar to A. salicina and A. willemsi but
coloration grayish, almost without yellowish tinge even at the
base of the costal margin of the forewings (Fig. 42).

The hairs on the forewings only slightly exceed the di-
ameter of punctures (Fig. 45). The end of the ovipositor does
not extend or only slightly extends beyond the end of the anal
tube (Fig. 51). Pygofer appendages elongated, of almost equal
width throughout all their length, with widely rounded apices
(Figs 63—-65). Styles and penis of the same shape as in other
species of the A. salicina group (Figs 66—69).

Body length (including tegmina): &, 8.5-9.4 mm; @, 9.7—
10.2 mm.

DIAGNOSIS. Distinctly differs from other species of the
A. salicina group by another male calling signal pattern and
longer pygofer appendages without expansion near the mid-
dle and with widely rounded apices (widened near the middle,
with narrow tips in other members of this group).

DISTRIBUTION. The Lower Volga region, Saratov and
Volgograd Oblasts. Despite repeated searches, was not found
in the Moscow Oblast. On the other hand, further findings in
the southern regions of European Russia seems to be quite
probable.

HOST PLANTS. Was found mainly on S. cinerea, both on
single-growing bushes and in mixed thickets of several willow
species; only once single male was collected from S. vinogra-
dovii.

ETYMOLOGY. The name of the new species derives from
the name Itil, the ancient name of the Volga River in the Turkic
languages. It is given because this species was collected in the
Lower Volga region.

Thus, in Russia and adjacent territories, the A. salicina
group includes three taxa. Distinct differences in the calling

Aphrophora gr. salicina of Russia and adjacent territories

signal temporal patterns and the fact that in some localities
these taxa are sympatric and can even live on the same plant,
convincingly indicate that they are good biological species.
Distinguishing between these species by coloration is very
difficult. A. salicina and A. willemsi differ from each other in
the length of the ovipositor and the length of the hairs on the
forewings; A. itiliensis sp.n. differs from these species in the
shape of the pygofer processes.

Acknowledgements. I am most grateful to Akynaly Du-
banaev (Sary-Chelek Biosphere Nature Reserve, Kyrgyzstan),
Asek Abdykulov (Kara-Balty, Kyrgyzstan), and Asel Lee (Ka-
ra-Oy, Kazakhstan) for invaluable help and hospitality during
my visits to Central Asia and to Dr. Kirill Kolesnichenko and
Dr. Anastasia Antonovskaya (Department of Entomology, Fac-
ulty of Biology, M.V. Lomonosov Moscow State University)
for the help and support during the fieldwork in the Russian
Far East. The reported study was carried out as a part of the
Scientific Project of the State Order of the Government of
Russian Federation to Lomonosov Moscow State University
No. 121032300063-3.

References

Anufriev G.A. 2017. [Froghoppers of the genus Aphrophora (Hemi-
ptera, Cicadinea, Aphrophoridae) of European Russia, based
on investigations in Mordovskiy nature reserve] // Trudy Mor-
dovskogo gosudarstvennogo zapovednika imeni P.G. Smidovicha.
Vol.18. P.3-16 [in Russian].

Anufriev G.A., Emelyanov A.F. 1988. [Suborder Cicadinea (Auchen-
orrhyncha)] // Opredelitel’ nasekomykh Dal’nego Vostoka SSSR.
Vol.2. Leningrad: Nauka Publ. P.12—495 [in Russian].

Biedermann R., Niedringhaus R. 2009. The Plant- and Leafhoppers
of Germany. Identification key to all species. Bremen: Wilhelm
Briiggemann GmbH. 409 pp.

Komatsu T. 1997a. A revision of the froghopper genus Aphrophora
Germar (Homoptera, Cercopoidea, Aphrophoridae) from Japan,
Part 1 // Japanese Journal of Entomology. Vol.65. No.1. P.81-96.

Komatsu T. 1997b. A revision of the froghopper genus Aphrophora
Germar (Homoptera, Cercopoidea, Aphrophoridae) from Japan,
Part 2 // Japanese Journal of Entomology. Vol.65. No.2. P.369—
383.

Komatsu T. 1997c. A revision of the froghopper genus Aphrophora
Germar (Homoptera, Cercopoidea, Aphrophoridae) from Japan,
Part 3 // Japanese Journal of Entomology. Vol.65. No.3. P.502—
514.

Liang A.-P. 2006. Synonymy of Aphrophora willemsi Lallemand, 1946
with Aphrophora salicina (Goeze, 1778) (Homoptera: Cercopoi-
dea: Aphrophoridae) // Journal of the New York Entomological
Society. Vol.114. No.3. P.140-143.

Ossiannilsson F. 1981. The Auchenorrhyncha (Homoptera) of Fen-
noscandia and Denmark. Part 2: Families Cicadidae, Cercopidae,
Membracidae and Cicadellidae (exc. Deltocephalinae) / Fauna
Entomologica Scandinavica. Vol.7. P.223-593.

Tishechkin D.Yu. 2011. Calling signals in sympatric species of the
far-eastern Aphrophora (Homoptera: Auchenorrhyncha: Aphro-
phoridae): regularities of communication channel segregation //
Russian Entomological Journal. Vol.20. No.1. P.57-64.

Tishechkin D.Y. 2013. [The use of bioacoustic characters for distin-
guishing between cryptic species in insects: potentials, restric-
tions, and prospects] / Zoologicheskiy Zhurnal. Vol.92. No.12.
P.1417-1436 [in Russian with English summary]. English transla-
tion: Entomological Review. 2014. Vol.94. No.3. P.289-309.

Van Stalle J. 1989. The occurrence of froghoppers in Belgium (Homop-
tera, Cercopidae) // Comptes rendus du symposium “Invertebres
de Belgique”. P.273-278.



