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Do different species of grass-dwelling small Auchenorrhyncha
(Homoptera) have private vibrational communication channels?

EcTh AM y pasHbIX BUAOB MeAKuX ukarosbix (Homoptera:
Auchenorrhyncha), skmBymmx Ha TpaBsIHUCTOVM pacTUTEABHOCTH,
COOCTBEHHbBIE KAHAABI BUOPALIMOHHOM KOMMYHUKALIUN S
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ABSTRACT. It has been found experimentally that
under natural conditions in the communities of herbaceous
plants transmission of substrate-borne vibrational signals
of small Auchenorrhyncha from stem to stem is possible
both via the stems or leaves and via the roots. As a result,
individuals occurring on different plants can perceive the
signals of each other. Consequently, in sympatric species
of grass-dwelling Auchenorrhyncha differences in host
specialization by no means always provide segregation of
vibratory communication channels.

PE3IOME. B ecTecTBeHHBIX YCIOBUSIX B COOOIIE-
CTBaX TPAaBSHUCTHIX PACTEHUH IKCIIEPHUMEHTAIEHO JI0-
Ka3aHa BO3MOXXHOCTbH Iepeadd pacipOCTPAHSFOIINX-
cs Mo cyOcTpary BHUOpPAIMOHHBIX CHUTHAJIOB MEJKUX
[IUKAJIOBBIX CO cTe0Js Ha cTeOenb Kak MpU KOHTAKTe
HAJI36MHBIX YacTei (CTeOIel WK JINCTHEB), TAK U Yepe3
KOpHH. 3a CUeT ATOr0 HACEKOMbIE, HaXOJsIIHecs] Ha
Pa3HBIX paCTCHHSX, MOT'YT BOCIPUHIMATH CUTHAJIBI IPYT
npyra. Takum 00pa3oM, y CHMIIaTPHYECKUX BUOB XOP-
TO(GMIIBHBIX IIMKATOBBIX TPOpHUECKask CBSA3b C PA3HbI-
MU BHJIaMH PACTCHH IaJICKO HE BCEria 00eCIeYnBacT
pazJieneHre KaHaJIOB aKyCTHYECKON CBSI3H.

Introduction

Small Auchenorrhyncha (Homoptera) use for intraspe-
cific communication not sounds, but substrate-borne vi-
brational signals (songs). Such signals can spread over all
branches of a plant up to the distance of 1-1.5 m (Mich-
elsenetal., 1982), but cannot be transmitted from plant to
plant unless the stems are in contact with each other.
Since most Auchenorrhyncha are monophagous or oli-

gophagous, at first glance it would seem that species
dwelling on different host plants are bound to have
isolated communication channels. Apparently, in forms
feeding on trees and shrubs this is so indeed, but in grass-
dwelling species situation is different. First, male ready
for copulation demonstrates so-called call-fly behaviour.
It flies from one plant to another producing calling signals
on each stem; in so doing it can sing both on host and non-
host plants [ Tishechkin, 2007]. Second, in steppes, grass-
lands, etc. plants of different species usually contact with
each other both by stems and roots.

It is evident from the laboratory experiments that
under certain conditions transmission of insect vibration-
al signals via two stems touching each other is possible. It
remains to be seen whether such transmission is suffi-
ciently effective in nature, however. The objective of the
present study is to ascertain if the transmission of leaf-
hopper vibrational songs from plant to plant via the roots
or stems is actually possible in grass thickets.

Material and methods

Vibratory signals were registered in nature by means
of piezo-electric crystal gramophone cartridge connect-
ed to the microphone input of minidisk recorder Sony
Walkman MZ-RH910 via the matching amplifier.

Gramophone cartridge was attached to selected plant
to begin with. After that the insects collected immediately
before the experiment in the same biotope or nearby were
put on the plants near the stem to which the equipment
was connected. A number of individuals have escaped,
but the most part of specimens remained on adjacent
plants and as a rule started singing in a few minutes. In
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Figs. 1-3. Relative position of plants and vibrotransducer (gramophone cartridge) during field recordings; drawings from digital photographs.
1 — Ist set of experiments: recording of vibrational signals of small Auchenorrhyncha transmitted from stem to stem in the dense grass thickets (No.
1 in the Table), 2 — 2nd set of experiments: recording of vibrational signals transmitted from stem to stem of the same plant via the common root
(No. 2 in the Table), 3 — 3rd set of experiments: recording of signals transmitted from one plant to another via the roots (No. 4 in the Table).

Puc. 1-3. B3aumHOe pacronioxeHue pacTeHuit ¥ BHOpoJaTduKa (FOJIOBKM 3BYKOCHHUMATENs) BO BPEMs 3alHCH CHIHAJIOB B TIPHUPOJIE;
PHUCYHKH ¢ I(poBbIX (GoTorpaduii. 1 — 1-s1 cepust SKCIEPUMEHTOB: 3aIIMCh BUOPALIMOHHBIX CHI'HAJIOB MEJIKUX IIMKA/I0BBIX, TIEPEAAOIINXCS CO
cTebnst Ha crebenb B TyCThIX 3apocisx TpaBbl (Ne 1 B Tabmuue), 2 — 2-1 cepusi KCIEPUMEHTOB: 3alMCh BUOPAIIMOHHBIX CHI'HAJIOB,
TiepeJIaroIInXCst co cTeIIs Ha CTedeN b OJTHOTO U TOTO %K€ PacTeHHs yepes oommii kopens (Ne 2 B Tabnuie), 3 — 3-51 cepys SKCIIEPUMEHTOB! 3aITHCh
CHTHAJIOB, IIEPEIAIOIIUXCS C OJHOTO PacTeHUs Ha Jipyroe yepe3 KopHu (Ne 4 B Tabnuie).

certain experiments all the grass was cut within ca. 30 cm
from the recording point and only several intact stems
were left. This enabled an easy control of a relative
position of the stems and making clear photographs of
plants on which the insects were singing.

All recordings were made in Moscow Area in June
and July 2010. Drawings of a relative position of the
plants on which the experiments were carried out are
made from digital photographs taken after signal record-
ings. A number of individuals have escaped during re-

cording; thus it was impossible to collect all insects again
after completion of the experiment. For this reason two
species of Delphacidae which signals are presented on
oscillograms cannot be determined with certainty.

Since all experiments were performed under natural
conditions, wind-induced noises and vibrations resulted
from insect movements present on original recordings.
On the most part of oscillograms the noises are partially
removed by both low- and high-pass filters and only the
frequencies within the range 180-3000 Hz were left.

Table. Data for signal recordings used in the paper

Tabnuna. JlanHbie 00 UCIOIB30BAHHBIX B CTAThE 3aMTUCAX CUTHAJIOB

Air tempera- L
No, Plants Insects ture durinég (allRiflcls/[rg:clgvilfziea)
recording, C
Doratura stylata (Boh.), .
Poa annua L. (Poaceae), Trifolium Eupelix cuspidata (F.) Zl(fk}gzslzrésziglﬁtr"
1 |repens L. (Fabaceae), plants up to 10  [(Cicadellidae), and 35 Tov;/n lawn nearythe
cm high. Lepyronia coleoptrata ’
(L.) (Aphrophoridae) summer cottage.
Serpukhov Distr.,
5 Undetermined grass species (Poaceae), |Graphocraerus ventralis 2527 env. Pushchino-na-
plants 20-30 cm high. (Fall.) (Cicadellidae) Oke Town, meadow
on the river bank.
Handianus flavovarius .
3 Undetermined grass species (Poaceae), [(H.-S.) (Cicadellidae) and 27 Serpukhov .Dls.tr"
. . env. Luzhki Village,
plants 20-30 cm high. several undetermined forest glade
species of Delphacidae )
Pimpinella saxifraga L. (Apiaceae), .
Mpyosotis sp. (Boraginaceae), Rumex  |Handianus flavovarius Serpukhov .Dls.tr"
sp. (Polygonaceae), Calamagrostis (H.-S.) and several env. Luzhki Ylllage,
4 o . . 24 dry meadow in the
epigeios (L.) Roth, and 1-2 undetermined species of uooer flood-olain of
undetermined grass species (Poaceae), |Delphacidae OIE River p
plants up to 3040 c¢m high. )
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Results and discussion repens L. (Fabaceae) (Fig. 1 and No.l in the Table).
Different plants of both species touched each other in

The first set of experiments has been performed inthe ~ many points. The gramophone cartridge was connected
mixed thickets of Poa annua L. (Poaceae) and Trifolium  to the end of a crawling stem of 7. repens deprived of the
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Figs. 4-14. Oscillograms of vibrational calling signals of small Auchenorrhyncha. 4-11 — signals transmitted from stem to stem in the dense
grass thickets (Fig. 1 and No. 1 in the Table): 4-6 — two males of Doratura stylata (Boh.) singing in different points, 7-8 — male of Lepyronia
coleoptrata (L.), 9-11 — males of D. stylata and Eupelix cuspidata (F.); 12—14 — two males of Graphocraerus ventralis (Fall.) sitting in
different points, the signals transmitted from stem to stem of the same plant via the common root (Fig. 2 and No. 2 in the Table). 4 and 7-9 —
non-filtered signals, 5-6 and 10-14 — filtered signals, frequency band 180-3000 Hz is left. Faster oscillograms of the parts of signals indicated
as “6”, “8”, “11” and “13-14” are given under the same numbers.

Puc. 4-14. OcummiorpaMMbl BHOPALIMOHHBIX IPU3BIBHBIX CHTHAJIOB MEJIKHX IINKAIOBEIX. 4—11 — CHrHaBL, Hepefaromuecs co cTe0s Ha
cTeberb B ryCThIX 3apociisix Tpasbl (puc. 1 u Ne 1 B Tabmune): 4-6 — nBa camua Doratura stylata (Boh.), cupsiiye B pa3HbIX To4Kax, 7—8 —
cament Lepyronia coleoptrata (L.), 9—11 — camusl D. stylata n Eupelix cuspidata (F.); 12-14 — nBa camua Graphocraerus ventralis (Fall.),
CHJISIIIME B PA3HBIX TOYKAX, CUTHAIIBI NEPEIAIOTCA CO CTEOs HAa CTEOENb OJJHOTO M TOTO e PACTEHMs yepe3 oOuwmid KopeHs (puc. 2 u Ne 2 B
tabmuie). 4 nu 7-9 — nedunbTpoBaHHBIE cUTHANBL, 5—6 u 10-14 — QuIbTpoBaHHBIC CHTHATEL, OCTaBleHa Ioioca dacToT 180-3000 I'm.
@OparMeHThl CUTHAIOB, TOMEYEHHbIE udpamu “67, <87, 117 n “13—14”, npecrapiieHbl TPy 00JIbLIEH CKOPOCTH PA3BEPTKH HA OCLMILIOrPaMMax
I0JT COOTBETCTBYIOIIMMH HOMEPaMH.
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most part of leaves. Two leafthopper species, Doratura  Poaceae were used; in addition, the signals of a froghop-
stylata (Boheman, 1847) and Eupelix cuspidata (Fabri-  per, Lepyronia coleoptrata (Linnaeus, 1758) (Homoptera:
cius, 1775) (Homoptera: Cicadellidae), both feeding on ~ Aphrophoridae) were registered by accident.
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Figs. 15-24. Oscillograms of vibrational calling signals of small Auchenorrhyncha. 15-18 — signals of two species transmitted from stem
to stem of the same plant via the common root (No. 3 in the Table): 17 — undetermined species of Delphacidae (evidently, Dicranotropis hamata
(Boh.)), 18 — Handianus flavovarius (H.-S.); 19-22 — signals of two species transmitted from one plant to another via the roots (Fig. 3 and
No. 4 in the Table): 21 — H. flavovarius, 22 — undetermined species of Delphacidae (evidently, Javesella dubia Kbm.); 23-24 — Alebra
albostriella (Fall.), male calling and female reply signals. 15 and 19 — non-filtered signals, 16—18 and 20-24 — filtered signals, frequency band
180-3000 Hz is left. Faster oscillograms of the parts of signals indicated as “17-18”, “21-22” and *“24” are given under the same numbers.

Puc. 15-24. OcummiorpaMmbl BHOPAIMOHHBIX IIPU3BIBHBIX CHTHAJIOB MEJIKUX [IMKAJOBBIX. 1518 — CHTHAIBI IBYX BU/IOB, IEpEIAIONIHECS
co cTebust Ha cTeberb OJJHOTO U TOT0 XKe pacTeHus uepe3 o0muii kopens (Ne 3 B Tabnune): 17 — e onpenenenusiii Bua Delphacidae (oueBuano,
Dicranotropis hamata (Boh.)), 18 — Handianus flavovarius (H.-S.); 19-22 — curnans! AByX BHIOB, IIepeaIOIIHECs C OJHOIO PACTECHUS Ha
npyroe uepes kopHu (puc. 3 u Ne 4 B tadbaune): 21 — H. flavovarius, 22 — ne onpenenenublii Bun Delphacidae (oueBunHo, Javesella dubia
Kbm.); 23-24 — Alebra albostriella (Fall.), mpu3bIBHBIH CUTHAI caMIia M OTBET CaMKH. 15 u 19 — HedunpTpoBanHble curnansl, 16-18 n 20—
24 — (uiibTpoBaHHBIE CUTHAJIBI, OcTaBieHa 1ojoca 4yacToT 180-3000 I'u. dparMenTsl cUrHanos, nomevyeHusle mudpamu “17-187, “21-22”
u “24”, mpencTaBieHbl IPH OOJbIIeH CKOPOCTH Pa3BEPTKH HAa OCHMLIOrPaMMaXx IO COOTBETCTBYIONIMMH HOMEPAMH
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Recordings of calling signals of three species listed
were obtained easily and had good quality, i.e. signal/
noise ratio (Figs 4-11). Quite often the songs differed
much from each other in amplitude (Figs 4-6). This is
evidence that the signals registered were produced by
males occurring in different points. It was impossible
to see all insects in the thickets, but the specimens we
have seen were sitting only on P. annua. We failed to
find the male of L. coleoptrata, but the song record-
ered indicated that it was present somewhere nearby
(Figs 7-8).

Thus we can conclude that transmission of insect
vibrational signals from plant to plant in dense mixed
thickets is possible without considerable attenuation of
vibrations.

In the second set of experiments the possibility of
signal transmission from stem to stem through the com-
mon root, i.e. without a contact of stems above the
ground was tested. For this purpose a group of stems of
the same plant was selected (No. 2 and 3 in the Table).
In one case (Fig. 2 and No. 2 in the Table) all other
plants growing nearby were cut. The gramophone car-
tridge was connected to the stem standing alone and cut
about 6 cm above the ground. Either Graphocraerus
ventralis (Fallén, 1806) from the family Cicadellidae
(Figs. 12—14) or Handianus flavovarius (Herrich-
Schéffer, 1835) (Cicadellidae) and several undetermined
species of Delphacidae (Figs 15-18) were used for
signal recordings. Only signals produced by the speci-
mens sitting on intact stems were registered; every
insect jumping on the cut stem with the cartridge at-
tached was immediately removed. In both cases the
plant was withdrawn from the ground after recording to
be certain that the stems are actually connected to each
other by common root system.

Recordings made under such conditions had ap-
proximately the same signal/noise ratio as in the previ-
ous case. Moreover, sometimes the calling signals of
males sitting on different stems alternated with short
breaks (Figs 12—14). Since in most species of insects
singing of one male stimulates acoustic activity of the
other ones, it is reasonable to assume that the males
occurring on different stems having the common root
actually perceived the signals of each other.

In the third set of experiments we have made an
attempt to ascertain if the signal produced on one plant
can be transmitted to another one via the roots. For this
purpose a group of plants of various species including
Pimpinella saxifraga L. (Apiaceae), Myosotis sp. (Bor-
aginaceae), Rumex sp. (Polygonaceae) and several
grass species (Poaceae) was selected; all other plants
growing around were cut (Fig. 3 and No. 4 in the
Table). Gramophone cartridge was attached to the leaf
petiole of P. saxifraga. A number of males of H.
flavovarius and of several undetermined species of
Delphacidae were put on the stems. After a while only
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individuals feeding on grasses (Poaceae) and Myosotis
sp. remained; it must be emphasized that no insects
were sitting on P. saxifraga.

The amplitude of signals registered under such con-
ditions usually was somewhat lower than in the previous
experiments (Figs 19-22). Occasionally the signals were
masked by wind-induced noises, still for the most part
they remained quite discernible both for human ear
when translated via earphones, and on oscillograms
without frequency filtration (Fig. 19).

Previously we have investigated communication
during mating behaviour in a number of species of
small Auchenorrhyncha. In most minute and slender
forms, e.g. in Typhlocybinae (Cicadellidae) the ampli-
tude of female reply signals sometimes was much
lower than that of a male calling song (Figs 23-24).
For this reason female reply was discernible faintly, if
at all, on oscillograms against the noises. Moreover, in
certain cases it was almost inaudible in earphones, still
the male perceived it well and demonstrated courtship
behaviour [Tishechkin, 2000]. From these experiments
it is apparent that the leafthopper vibroreceptors are
much more sensitive than the recording equipment.
Therefore, here we proceed from the assumption that if
our equipment can register the signal, it certainly has
sufficient amplitude to be perceived by the insect
sitting on the stem to which the gramophone cartridge
is attached.

From this it follows that in the habitats with herba-
ceous vegetation insect vibrational signals can be trans-
mitted successfully from one plant to another both via
the stems or leaves and via the roots. Undoubtedly, the
insects dwelling on different plant species in mixed
thickets can perceive the signals of each other. Conse-
quently, differences in host specialization in small
Auchenorrhyncha by no means always provide segrega-
tion of vibratory communication channels. As a result,
in herbaceous plant communities competition for com-
munication channels exists not only between different
species dwelling on the same host, but also between
species living on different host plants.
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