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Calling signals in sympatric species of the far-eastern
Apbropbora (Homoptera: Auchenorrhyncha: Aphrophoridae):
regularities of communication channel segregation
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ABSTRACT. Comparative investigation of male
calling signals of six sympatric spittle bug species from
the genus Aphrophora was conducted. In different spe-
cies signals consist of either prolonged single or short
repeated phrases. Within each group species differ from
each other both in temporal pattern of rhythmic ele-
ments and in their duration and repetition period, some-
times quantitative differences being more reliable than
qualitative ones. Similar regularities were described
earlier in sympatric species of grasshoppers of the sub-
family Gomphocerinae. Apparently, both in spittle bugs
and in grasshoppers conspecific signal recognition is
based primarily on the analysis of repetition period and
duration of thythmic elements, whereas fine interspecif-
ic differences in their inner structure are of little if any
importance for this process.

PE3IOME. IIpoBeneHO CpaBHUTEIBHOE HCCIEN0-
BaHME TPU3BIBHBIX CHUTHAJIOB CAMIIOB IIECTH CHMIIAT-
PHUYECKUX BHIOB IIEHHUI U3 pona Aphrophora. Y pas-
HBIX BHJIOB CHUTHAJIBI MOTYT COCTOSITb M3 IIPOIOJIKH-
TCJIbHBIX OAUHOYHBIX WJIN KOPOTKHUX IMOBTOPAIOIINXCA
¢pas. B nmpenenax Kaxa0i rpynibl BUIbI Pa3IHYaroTCs
KaK 110 BpEMEHHYH CTPYKType PUTMHUYECKHX 3JIEMEH-
TOB, TaK M 0 UX JAJIHUTEIBHOCTH M HNEPHOAY MOBTOPE-
HUSI, IPUYEM B Psifie CIydaeB KOJMUECTBEHHBIE Pa3iIn-
YHsI OKa3bIBAIOTCSI 00JIee HAJIEKHBIMHU, YEM KaUECTBEH-
Hble. AHAJIOrMYHbIE 3aKOHOMEPHOCTH paHee ObUIN OIH-
CaHbl Y CHMIIATPUYECKUX BHJOB CapaHYOBHIX IOJICE-
meiictBa Gomphocerinae. BeposiTHO, kKak y HeHHMUII,
TaK ¥y CapaHYOBbIX paclo3HaBaHHE KOHCHENNpIIec-
KHX CUTHAJIOB TMPOUCXOINT MPEUMYIIECTBEHHO TI0 TIe-

pHOLYy HOBTOPEHUS U JUINTENIEHOCTH PUTMHUYECKHUX DIIe-
MEHTOB, B TO BpPeMsI KaK HEOOIbIINE MEXBUIOBBIC Pa3-
JINYMS B UX BHYTPEHHEH CTPYKTYpE HE UTPAIOT B 3TOM
NIpoLIeCCe CYIIECTBEHHOM POJIU.

Introduction

In every insect community acoustic signals (songs)
of different species having the same seasonality and
singing at the same time of a day necessarily differ from
each other in at least one physical parameter. If the
signal structure is more or less simple, the signals usual-
ly can be classified in several groups according to the
general scheme of their temporal pattern. Within each
group interspecific differences for the most part are
quantitative in character. In other words, different spe-
cies belonging to the same group usually differ from
each other only in duration or/and repetition period of
the components of the song. Grasshoppers and crickets
(Orthoptera) can be cited as an example: several clas-
sifications of their signal types were provided both for
all representatives of the order [Ragge & Reynolds,
1998] and for individual smaller taxa [Bukhvalova,
2006; Tishechkin & Bukhvalova, 2010]. Similar situa-
tion is observed in the jumping plant-lice (Homoptera:
Psyllinea). For instance, vibrational calling signals of
about 20 Craspedolepta s. 1. species (Psyllinea: Aph-
alaridae) can be subdivided in three main types, the
signals of different species within each type differing
from each other mainly in quantitative parameters
[Tishechkin, 2007a and unpublished data].
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At first glance it would seem that in small Auchenor-  sometimes have nothing in common with each other in
rhyncha (Homoptera) situation is quite different. Timbal  temporal pattern. Cryptic species of the genus Macropsis
organs of these insects allow producing most elaborateand ~ Lewis, 1834 (Figs 1-7) and three species from the Aphro-
diverse signals, consisting of various complex elements. In  des bicinctus (Schrank, 1776) species group (Figs 8—10)
leathoppers, even the songs of closely related species  (Homoptera: Cicadellidae) provide good illustrations.
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Figs 1-10. Oscillograms of calling signals of closely related species of leafthoppers: 1-7 — cryptic species of the genus Macropsis, 8—
10 — representatives of Aphrodes bicinctus species group.

Puc. 1-10. OcumnnorpaMMbl CUTHAJIOB OJM3KUX BUAOB LIUKAJIOK: 1—7 — KpunTuyeckue Bubl pojna Macropsis, 8—10 — npepcraBuTenn
rpynnsl Aphrodes bicinctus.
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However, as new data on signals of small Auchenor-
rhyncha become available, more and more examples of
similarity of signal temporal pattern in different species
are revealed. For instance, it was found that the songs of
the most part of palaearctic Fulgoroidea (Homoptera)
are rather uniform and consist of simple trains of pulses
[Tishechkin, 2003, 2008]. The only exceptions are the
families Caliscelidae and Delphacidae, still in the latter
one examples of similarity of signal temporal pattern
can be found quite often [ Tishechkin, 2008]. Paralimni-
ni (Homoptera: Cicadellidae: Deltocephalinae) provide
another example of this kind. Calling signals in different
representatives of the tribe sometimes are almost indis-
tinguishable and communication channel segregation in
such cases is achieved by either allopatry or differences
in host or habitat preferences [ Tishechkin, 2007b,2010].

In Cercopoidea (Homoptera: Auchenorrhyncha) vi-
brational signals in different species sometimes are also
quite similar. Thus, in the spittle bugs (Aphrophoridae)
temporal pattern of calling songs within each tribe as a
rule have the same general scheme [Tishechkin, 2003].
On the territory of Russia this family is most diverse in
the southern regions of the Russian Far East, where
more than ten species sometimes can be found in the
same locality. Moreover, Aphrophoridae usually have
wide host preferences. Consequently, different species
inhabiting the same biotope can perceive vibrational
signals of each other.

The aim of the present study is a comparative inves-
tigation of calling signals of the far-eastern species of
Aphrophora (Homoptera: Aphrophoridae) and reveal-
ing the principles of communication channel segrega-
tion in sympatric species of the genus.

Material and methods

Vibrational signals were registered by means of
piezo-electric crystal gramophone cartridge connected
to the microphone input of cassette recorder “Elektron-
ika-302-1” (recordings made in 2002) or minidisk re-
corder Sony Walkman MZ-NH900 (recordings made in
2010) via the custom-made matching amplifier. In both
cases manual mode of recording level control was used.
Recordings were made either in a tent or under labora-
tory conditions immediately after collecting the insects.

Recordings of signals of five species, namely, 4.
pectoralis Matsumura, 1903 (= A. costalis Matsumura
1903), 4. obliqgua Uhler, 1896, A. major Uhler, 1896, A.
intermedia Uhler, 1896 and A. straminea Kato, 1932
were made in “Kedrovaya Pad’ ” (= “Cedar Valley”)
Nature Reserve, Khasan District, Maritime Province
during the period from 11 to 22 August, 2010. The
insects were collected in the buffer zone on the south-
eastern boundary of the Reserve on the meadows dom-
inated by Lespedeza bicolor Turcz. (Fabaceae), Artemi-
sia spp. (Asteraceae) and several species of high grasses
(Poaceae), including Miscanthus sp. A. alni (Fallén,
1805) was also found here, but in the present paper we
use signal recordings of this species made in July 2002

in the environs of Barabash-Levada Village (Pogran-
ichny District of the Maritime Province) and on the
bank of Khanka Lake 3—4 km north from Novokachalin-
sk Village (Khankaiskiy District of the Maritime Prov-
ince). All recordings both in 2002 and in 2010 were
made at the temperatures 24-27 °C.

True enough, certain species of Aphrophora dem-
onstrate somewhat different host and habitat preferenc-
es. E.g. A. intermedia and A. alni were usually collected
on shrubs and grass vegetation on the edge of the forest,
whereas A. pectoralis as a rule dwells on willows, etc.
These preferences are not very rigid, however. Quite
often all species studied were found in the same biotope
and thus are sympatric. For this reason investigation of
communication channel segregation between the spe-
cies listed above seems to be quite correct.

Results and discussion

Calling signals of Aphrophora consist of phrases
(Figs 11-14), which are obviously homologous in dif-
ferent species, but have various duration and degree of
complexity. In certain species individual phrases last
for several seconds and follow each other with very long
irregular intervals (Figs 11-12), whereas in other ones
the songs consist of short and regularly repeated phrases
(Figs 13—14). Typically each phrase consists of sylla-
bles separated by gaps (Figs 15—17); in the signals with
most elaborate pattern each syllable, in turn also con-
sists of discrete elements, so-called pulses (Fig. 19). If
the gaps within syllables are reduced, syllable inner
structure becomes more or less uniform and individual
pulses merge into one fragment referred to as a syllable
without distinct gaps (Fig. 20). Occasionally the gaps
between syllables are also reduced and the inner struc-
ture of a phrase becomes indistinct (Fig. 18). As aresult,
we have the following classification of signal types. All
signals are subdivided in two main groups: prolonged
single phrases and short regularly repeated ones. Within
each group there are two possible groups of the second
order, namely, phrases with gaps and phrases without
gaps. Phrases with gaps can consist either of syllables
with gaps or of syllables without gaps; thus the groups
of the third order are obtained.

As a consequence, the signals of the studied species
of Aphrophora can be arranged as follows:

Prolonged single phrases (Figs 21-24)

Phrases without gaps — absent in our material
Phrases with gaps (Figs 29-31)
Syllables without gaps (Fig. 29): A. major
Syllables with gaps (Figs 30-31): 4. obliqua,
A. pectoralis
Short regularly repeated phrases (Figs 25-28)
Phrases without gaps (Fig. 32): A. intermedia
Phrases with gaps (Figs 33-34)
Syllables without gaps (Fig. 33): 4. straminea
Syllables with gaps (Fig. 34): 4. alni

Quantitative parameters of the signals of all species

studied are given in the Table.
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Figs 11-20. Oscillograms of calling signals of the representatives of the genus Aphrophora illustrating terminology used in the paper
Faster oscillograms of the parts of signals indicated as “15-20” are given under the same numbers
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Puc. 11-20. OcumuiorpaMMbl IPU3BIBHEIX CHTHAIOB MpeJCTaBUTeNel pona Aphrophora, HAMIOCTPHPYIONIHE HCIOIL3YEMYIO B CTaThe

TEPMHUHOJIOrHI0. PparMeHTbl CUIHAIIOB, MOMedeHHble Hudpamu “15-207, npeacrapiieHbl Npu OOJbLIEH CKOPOCTH pa3BEPTKU Ha
OCIIHJIIOrpaMMax HOJ COOTBETCTBYIOIIUMU HOMEPaMH.
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Figs 21-34. Oscillograms of calling signals of the species of the genus Aphrophora: 23-24 — different signals of the same male of
A. pectoralis,26-27 — same, A. straminea. Faster oscillograms of the parts of signals indicated as “29-34" are given under the same numbers.

Puc. 21-34. OcumnnorpaMMbl TPU3BIBHBIX CUTHATIOB BUJOB poja Aphrophora: 23—24 — pa3Hble CUTHAIIBI OAHOTO caMua A. pectoralis,
26-27 — 10 *x)e, A. straminea. PparMeHTHl CUTHAJIOB, TOMEYCHHbIE U(paMu “29-34”, npeactaBiaeHsl pu OONBIICH CKOPOCTH Pa3BEPTKU
Ha OCHMJUIOrPaMMax 110/ COOTBETCTBYIOIIMMH HOMEPAMU.
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Table. Temporal parameters of calling signals of the species of Aphrophora.
Tabauia. BpemeHHble napaMeTpbl IPU3BIBHBIX CUTHAJIOB BUJIOB poja Aphrophora.

Species ] Phrase Phrase repetition period, Syllabl§ repetition Gaps in syllable
uration, ms ms period, ms

A. pectoralis 2500-4500 S‘feilza‘t’;c;r;;rgizly 50-71 present
A. obliqua 2300—4000 —"— 104-126 present
A. major 4300-6000 —"— 64-74 absent
A. alni 200-250 750-1500 34-53 present
A. intermedia 125-202 359428 phrases without gaps

A. straminea 67-118 291-360 3340 | absent

As can be seen from the data presented, within the
first group (prolonged single phrases) A. major differs
from two other species in phrase duration. Theoretical-
ly, this character is sufficient to provide discrimination
between this species and two other ones. However, 4.
major in addition differs from 4. pectoralis and A.
obliqua in syllable structure (syllables without distinct
gaps, Fig. 29) and from the latter species also in syllable
repetition period (Table). Evidently, in the signals of
this type duration of a phrase alone cannot serve as a
reliable species-specific character, since sometimes it
varies greatly even within the song of the same speci-
men (Figs 23-24).

A. pectoralis and A. obliqua are most similar to each
other in the song structure and fall into the same group
of the 3rd order. Their calling signals have the same
phrase duration and syllable pattern (syllables with
gaps, Figs 30 and 31), but are widely different in a
quantitative character, i.e. in syllable repetition period
(Table).

Within the second group (short regularly repeated
phrases) every species formally differs from two other
ones in general appearance of phrases (see classifica-
tion above and Figs 32—34). Besides, the ranges of both
duration and repetition period of phrases in these spe-
cies overlap only in extreme values if ever (Table).
Duration of a phrase sequences is very variable (Figs
26-27) and therefore quite often has the same values in
different species.

In A. alni and A. straminea producing phrases with
gaps (Figs 33—34) syllable repetition period is identical.
Also, in the phrases of A. intermedia irregular gaps
occasionally occur (Fig. 32, first two phrases from the
beginning of the signal), whereas in the signals of 4. alni
the gaps between initial syllables in a phrase as a rule are
obscure (Fig. 34). It is reasonable to assume that the
differences in the inner structure of the phrases are not
reliable enough for acoustic distinction between differ-
ent species of the second group.

By contrast, differences in phrase duration and rep-
etition period are quite distinct (Table). Apparently,
these are precisely the characters, which provide con-
specific signal recognition. In general appearance, i.e.
on the oscillograms at a low speed the signals of 4.
intermedia, A. alni and A. straminea differ from each
other only in quantitative parameters (Figs 25-28).

Based on these data, acoustic characters most prom-
ising in taxonomy of Aphrophora for discrimination
between closely related species could be revealed. Evi-
dently, calling songs of two good species must differ
from each other either in general structure of a signal
(single or repeated phrases) or in repetition period of its
components (phrases or syllables). As for the temporal
pattern of syllables, it is the most reliable character for
distinguishing between the songs of 4. major and A.
pectoralis; on the other hand, in three species producing
short regularly repeated phrases differences in syllable
and phrase temporal structure obviously are of little if
any significance.

Thus, quantitative differences between the songs of
sympatric species of Aphrophora quite often are no less
important for conspecific signal recognition than the
shape of phrases and syllables. In this respect spittle
bugs are similar to grasshoppers of the subfamily Go-
mphocerinae (Orthoptera: Acrididae) [Tishechkin &
Bukhvalova, 2010] and demonstrate the same regulari-
ties of communication channel segregation between the
species inhabiting the same biotope.

The signals of Gomphocerinae also consist either of
prolonged single fragments referred to as echemes in
the works on the sounds of Orthoptera or of short
regularly repeated ones forming so-called echeme-se-
quences. Each group is subdivided in several subgroups
with different general schemes of syllable pattern. Within
each subgroup the songs of sympatric species, whether
different or indistinguishable in syllable structure, nec-
essarily differ from each other in syllable repetition
period [Tishechkin & Bukhvalova, 2010].

To cite one example, the songs of Glyptobothrus
maritimus (Mistshenko, 1951), Chorthippus macrocer-
us (Fischer-Waldheim, 1846), Ch. vagans (Eversmann,
1848) and Omocestus petraeus (Brisout, 1855) belong
to the same subgroup and are single prolonged echemes
consisting of syllables with gaps (Figs 35-38). Inner
temporal pattern of syllables in four species has minor
but distinct differences (Figs 39-42). In G. maritimus,
Ch. macrocerus and O. petraeus the ranges of syllable
repetition period overlap only in extreme values (104—
192, 170-335 and 306-520 ms respectively at the tem-
perature 27-30°C), but the songs of Ch. macrocerus and
Ch. vagans are indistinguishable in this parameter (175—
315 ms in the latter species). In the steppes of European
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Figs 35-42. Oscillograms of calling signals of grasshoppers of the subfamily Gomphocerinae. Faster oscillograms of the parts of signals

indicated as “39-42” are given under the same numbers.

Puc. 35-42. OcuuiuiorpaMMbl TPU3BIBHBIX CHTHAIOB CapaHYOBEIX MojceMelictBa Gomphocerinae. @parMeHThl CUTHAIOB, TOMEYEHHBIS
uudpamu “39-42”, npeacraBieHsl Ipu OOJBIIEH CKOPOCTH Pa3BEPTKH HA OCHMILIOrPaMMax O] COOTBETCTBYIOLUIMMHU HOMEPaMHU.

Russia these species quite often inhabit the same biotopes
in various combinations, with one exception. Ch. va-
gans and Ch. macrocerus were never found together,
but replaced each other in different habitats. This sug-
gests that in Gomphocerinae, as in Aphrophora, these
are quantitative characters, which provide acoustic seg-
regation between sympatric species, whereas the details
of syllable structure can play only small if any role in
this process.

Similarity in the regularities of communication chan-
nel segregation in non-related taxa, namely, Acrididae
(Orthoptera) and Aphrophoridae (Homoptera: Auchen-
orrhyncha) supports the hypothesis for existence of a
unified mechanism of conspecific signal recognition in
insect nervous system. Apparently, this mechanism is
based primarily on the analysis of repetition period and
duration of rhythmic elements of the song, whereas fine
interspecific differences in the structure of these ele-
ments, i.e. of phrases or syllables usually are of little if
any importance.
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