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Calling acoustic signals of Stauroderus scalaris males are described for the first time, the oscillograms from
Samarskaya Luka and the Republic of Tuva are published. Comparative analysis of parameters of calling signals
of this species from different discrete populations (Western Europe, South Kazakhstan, Kyrgyzstan, and Russia)
was carried out. High degree of acoustic conservatism of sound signals of the dark-winged grasshopper is shown
for the entire area. Moreover, a parasite fly of orthopteran insects, Blaesoxipha redempta, is reported for the first
time on the territory of Samarskaya Luka (Zhiguli State Nature Biosphere Reserve, Bakhilova Polyana settle-
ment). It is the first find of a representative of the genus Blaesoxipha in the reserve, emerged from a S. scalaris
male specimen. Photographs of genital apparatus of the male fly specimen are given; it is well distinguished from
closely related species by the shape of cerci and phallus. Possible infection strategy of the parasitic fly concern-
ing acoustically active orthopteran hosts is discussed.
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Introduction

The dark-winged grasshopper, Stauroderus sca-
laris (Fischer von Waldheim, 1846) (Fig. 1) is an
important element of acridocoenoses because males
have loud, sharp and rather long-term acoustic sig-
nals. It inhabits the Palearctic region from Europe to
the Transbaikal area. Its populations are also known
in forest-steppe zones and in the southern taiga, in the
northern steppe zone, in the mountains of Southern Si-
beria, in the Tian-Shan, in the Northern Pamirs, in the
Caucasus Mountains, and in Elbrus. Sergeev (2014)
noted that local populations of this species are more
or less separated from each other. Apparently they are
isolated from each other so that many species popula-
tions simply disappeared, while the remained appeared
to be discretely located. Because of this, information
about acoustic signals of Stauroderus scalaris from
various local populations is interesting for systemat-
ics and zoogeography. However, until now only a few
oscillograms and descriptions of the males' calling sig-
nals have been published from Western Europe, South-
ern Kazakhstan, Kyrgyzstan and Russia (Republic of
North Ossetia, Republic of Altai, Republic of Buryatia,
Saratov region, and Irkutsk region) (Ragge & Reyn-
olds, 1998; Vedenina & Bukhvalova, 2001; Tishechkin
& Bukhvalova, 2009; Tishechkin, 2017).

It should be particularly noted that Stauro-
derus scalaris has status of a serious crop pest.
At sharp population growth, it can cause damage
in European Russia, Caucasus, Siberia, Northern
and Eastern Kazakhstan, the mountains of Kyr-
gyzstan, and in some countries of Western and
Eastern Europe (Mishschenko, 1972). In this
regard, information on the biology of this spe-
cies and its interrelations with other insects (in
particular with parasitic flies, which are natural
regulators of insect abundance) from different
areas is relevant.
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Fig. 1. Male Stauroderus scalaris from Bakhilova Polyana
settlement (Samara region, Russia). Photo: A.A. Benediktov.
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Concerning a parasite-host relationship, we
should say that some parasitic flies from fami-
lies Sarcophagidae and Tachinidae are able to
find acoustically active insects by their sound
signals (Leonide, 1969; Lehmann, 2003; Hedwig
& Robert, 2014; Tron et al., 2016). This inter-
esting fact was confirmed by using sound traps
in nature as well, when parasites were caught
by playback of acoustic signals of their hosts,
in particular crickets (Orthoptera: Gryllidae)
(Cade, 1975) and mole crickets (Orthoptera: Gr-
yllotalpidae) (Fowler, 1987). Observation of the
fly Emblemasoma auditrix (Soper et al., 1976) is
even more interesting. It is the parasite of Cicadi-
dae (Homoptera) (Soper et al., 1976). It reacts
to sound signals of male hosts; as a result, most
of the infected individuals are males. After infes-
tation, males lose the ability to further emission
of sounds, that makes them inaccessible to other
parasites and prevents multiple parasitism. Anal-
yses of responses of auditory afferents and inter-
neurons show that the tympanal organ of E. au-
ditrix is broadly tuned, with a sensitivity peak at
5 kHz (Tron et al., 2016.). Single-cell recordings
of auditory interneurons indicated a frequency-
and intensity-dependent tuning, whereby some
neurons react best to 9 kHz, the peak frequen-
cy of the host’s calling signal. Because of this,
knowledge about acoustic signals of host-insects
becomes even more actual.

In July 2016, the first author caught three
Stauroderus scalaris males from the Zhiguli State
Nature Biosphere Reserve (settlement Bakhilova
Polyana) and delivered them to Moscow for bio-
acoustic studies. The insects were put into a closed
insectarium with three-months-old soil. Two days
later one insect suddenly died and a week later a
young parasitic fly occurred in the terrarium. The
study showed that it was Blaesoxipha redempta
(Pandelle, 1896) (Diptera: Sarcophagidae). This
species was not known in Samarskaya Luka be-
fore; moreover it is not included in the Cadastre
of invertebrates of Samarskaya Luka (Rozenberg,
2007). According to the report of I.V. Lyubvina
(entomologist of the Zhiguli State Nature Reserve),
this fact is very interesting, because there are seven
species of the genus Blaesoxipha Loew, 1861 in
the Reserve’s collection, but all of them are known
from the south of Samara region, not from the ter-
ritory of the Zhiguli Reserve.

Below, we present for the first time the de-
scriptions and oscillograms of acoustic signals of
Stauroderus scalaris from Samara region (Samar-
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skaya Luka of the Zhiguli State Nature Reserve,
Bakhilova Polyana) and the Republic of Tuva (Ky-
zyl). They were compared with the descriptions
published previously. Also, we give detailed infor-
mation on the parasitic fly Blaesoxipha redempta
which is hosted by this grasshopper.

Material and Methods

On 23 July 2016 a record of acoustic signals
was made in the settlement Bakhilova Polyana at
a temperature of +27-30°C (A. Benediktov) on
a grass meadow along the road between the of-
fice and the cemetery. According to acoustic sig-
nals, the number of these grasshoppers was not
high: within hearing distance, five males per 1
h were determined by acoustic signals, three of
them were collected. For comparison, we used
author's records of the same species from the
Republic of Altai (a male, outskirts of the vil-
lage Chemal, grazed meadow, temperature near
+30°C, A. Benediktov) and the Republic of Tuva
(a male, vicinity of the town Kyzyl, wormwood
steppe, temperature +30-33°C, A. Benediktov).
Acoustic signals were recorded by a mini-record-
er Sony Hi-MD Walkman MZ-RH910 (20-20000
Hz) with microphone MIC-01 (40-16000 Hz)
(Bakhilova Polyana) or by cassette tape record-
ers «Electronics-302» (63—10000 Hz) (Altai)
and Proton-402 (40-12500 Hz) with microphone
MKE-9 (50-15000 Hz) (Tuva). Further process-
ing and analysis of oscillograms were carried out
using a computer. The traditional terminology
was used to describe signals: a signal (phrase)
consists of echemes, each of them is formed by
syllables (Zhantiev, 1981).

Results and Discussion

Stauroderus scalaris (Fischer von Wald-
heim, 1846)

Acoustic signals. Males produce prolonged
loud echeme-sequence (Fig. 2) from 11 to 25 s.
in length. It is completely consistent with data of
other authors who registered signals of 10 s. up to
30 s. (Vedenina & Bukhvalova, 2001; Tishechkin
& Bukhvalova, 2009). A male usually produces the
discrete loud echeme-sequence right after landing.
Sitting for a long time, prior to the loud echeme-
sequence, a male can protractedly stridulate dis-
crete echemes of syllables with unstable intervals
(up to 1.5-2.0 min.), emitting the so-called «intro-
duction» (Ragge & Reynolds, 1998). According to
these characteristics, no differences among all the
males studied were revealed.
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Fig. 2. Oscillograms of calling signals of males of Stauro-
derus scalaris from different regions: Samarskaya Luka
(Bakhilova Polyana) (a—c), Republic of Altai (Chemal) (d—f),
Republic of Tuva (Kyzyl) (g—i) at different sweep speed. Ar-

rows show transition phases.

The echeme repetition period in loud echeme-
sequence is the most important for acoustic identifi-
cation of a sexual partner in grasshoppers as well as
the number of syllables per echeme (Table 1). Loud
echeme-sequence of the calling signal of Staurode-
rus scalaris consists of numerous echemes. Each of
them consists of two parts, formed by long and short
syllables. However, at large sweep speed, it is clear
that there is one more transition phase between these
parts where syllables follow with shorter (in contrast
to the second part) intervals and occasionally they
are poorly distinguishable (Fig. 2, shown by arrows).
Also, this phase can not be referred to longer sylla-
bles, because at the same sweep speed their internal
structure is completely indistinguishable, unlike the
transition phase. This phase is the result of a change
of the algorithm of leg movement during stridulation
(Elsner & Popov, 1978) from low to high amplitudes.
It should be noted that during the calculation of num-
ber of long and short syllables, the transition phase
can not always be accounted.

The obtained results (Table 1) show that main
characteristics of acoustic signals of the males from
Samarskaya Luka and the Republic of Tuva fit into
their variation range from different locations. Note-
worthy, that repetition period of echemes and number
of syllables in them vary, decreasing from the begin-
ning to the end of a loud echeme-sequence (Table 2).
Hence, a male begins to stridulate faster with shorter
echemes. This feature is observed for calling signals
of S. scalaris from all the locations studied.

Table 1. Characteristics of acoustic calling signals of males of Stauroderus scalaris
Echeme repetition Number of syllables|Number of syllables
Region Temperature, °C b in the 1% part of an | in the 2" part of an
period, s.
echeme echeme
Russia, Samarskaya Luka 12730 709.79 £ 74.61 11.97 +2.37 10.46 £ 1.27
(Bakhilova Polyana) n=233 n=235 n=235
. . . 696.38 +42.62 11.10+£1.23 9.90+1.14
Russia, Republic of Altai (Chemal) +30 n=50 n=50 n=51
. . 555.05+£22.68 10.79 £ 0.98 7.70 £ 1.03
Russia, Republic of Tuva (Kyzyl) +30-33 n=19 n=19 n=20
Russia (Saratov region, Irku.tsk1 region, Re- 132-33 450-750 3 14 712
public of Buryatia)
Russia (Republic of Altai, Republic of North
Ossetia), Greece, Southern Kazakhstan? +28-30 600-800 §-14 7-10
Kyrgyzstan® +36 650 814 7-10
France, Italy* +13-30 300-700 6—-12 5-10

Note: mean values =+ sd are given (n —number of measurements).

! — according to Tishechkin & Bukhvalova (2009);
2 —according to Vedenina & Bukhvalova (2001);

3 —according to Tishechkin (2017);

4 —according to Ragge & Reynolds (1998).
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Table 2. Variation (decrease of values) in characteristics at the beginning and the end of acoustic calling signals of males

of Stauroderus scalaris

. . Number of longer syllables Number of short syllables
. Echeme repetition period, ms.
Region per echeme per echeme
beginning end beginning end beginning end
Russia, Samarskaya Luka
(Bakhilova Polyana) 890-812 632-588 16-15 87 14-12 11-9
Russia, Republic of Altai | g1, 74 625-620 13-12 10-9 13-11 10-8
(Chemal)
Russia, Republic of Tuva 1 ¢os 5¢7 | 533 53 13-12 10-9 11-9 8-7
(Kyzyl)

Although populations of S. scalaris have
a discrete distribution within its area (Sergeev,
2014), calling signals of males are more or less
similar and overlap by the characteristics studied
according to literature. Thus, we can talk about
quite high acoustic conservatism of the species
throughout the whole area. However, in our opin-
ion, it is worth to pay attention to the differences
between intermediate phases in echemes. The
problem is that most publications are based on
studies of calling signals of 1-2 males from each
location. It does not allow us to draw any conclu-
sions in regard to this characteristic at the present
stage. It is also possible that this is just some in-
dividual variability.

Since acoustic calling signals in grasshopper
communities differ by amplitude-time character-
istics (Bukhvalova & Zhantiev, 1993), little atten-
tion is paid to studies of the frequency spectrum.
It is known that the frequency spectrum is broad-
band and occupies most part of the audio range,
including ultrasound area. In all studied males of .
scalaris the main frequency maximum lied in the
range 6—14 kHz.

Blaesoxipha redempta (Pandelle, 1896)
Taxonomy. The taxonomy of Blaesoxipha
species is quite confusing. In regards of the valid
name of the emerged fly, we follow the position
of Eastern European dipterologists (Povolny &
Verves, 1997; Verves & Khrokalo, 2006), and note
that Blaesoxipha redempta has the following syn-
onyms: B. agrestis auct. nec (Robineau-Desvoidy,
1863), B. lineata auct. nec Fallen, 1817 and B. lapi-
dosa Pape, 1994. Thomas Pape has identified our
specimen under the last of the above listed names.
In order to avoid an error in the species interpreta-
tion, below we provide data on the species with
indication of its valid name and synonyms, which

were used for this taxon in cited publications.
Body morphology. Characters of the male
studied (Fig. 3a) are consistent with data pub-
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lished in the articles (Pape (1987): B. agrestis
(Robineau-Desvoidy, 1863) (= B. lineata auct.);
Povolny & Verves (1997); B. redempta (B. agres-
tis auct, nec Robineau-Desvoidy, 1863, and B.
lineata auct. nec Fallen, 1817)). They were also
confirmed on the base of our photographs (pers.
comm. T. Pape: B. lapidosa).

Morphological description. Thorax and ab-
domen in grey powder with three longitudinal
black bands. Dorsal midline black band on thorax
extends past the scutellum, three pairs of dorso-
central chaeta (dc) — past the suture. Legs black.
Wings with small costal spine, transparent, slightly
brownish at the base. Cell r,,, (p,) is open. Head
with a black matte frontal band. Cheeks and clyp-
eus in silvery powder. Palpi and antennae black.
Arista long-haired. Body length 7 mm.

Genitalia morphology. We prepared and stud-
ied the genitalia specimen (Fig. 3b,c), which were
identical to those in descriptions and illustrations
published earlier (Pape (1987): B. agrestis (= B.
lineata); Povolny & Verves (1997): B. redempta
(= B. agrestis; B. lineata); Peris et al. (2001): B.
lapidosa; Verves & Khrokalo (2006): B. redempta
(= B. agrestis, B. lapidosa, B. lineata); Pekbey &
Hayat (2013): B. lapidosa). In addition they were
confirmed on the base of our photographs (pers.
comm T. Pape: B. lapidosa). According to Pape
(1994), this species can be easily recognised by
male genitalia or more precisely by the form of
cerci and phallus.

Description of male genitalia. Cerci sickle-
shaped, gradually tapering towards the end. Sur-
styli rounded at the apex with elongated basal part.
The apical part of paraphallus bent and bifurcated
at the end. Aedeagus apodeme elongated.

Distribution. Blaesoxipha redempta is a com-
mon species in Palearctic and Ethiopian regions
(Rognes (1986): B. agrestis; Pape (1996): B. lapido-
sa). It is distributed in southern and central regions
of European Russia, South Siberia, Amur Region
and Primorsky Krai (Verves & Khrokalo, 2006).
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a

Fig. 3. Male Blaesoxipha redempta (a) and its genitalia: b — cerci and surstyli, ¢ — phallosoma and ejaculatory apodeme.

Photo: O.A. Belyaev.

Closely related species. More recently, Blae-
soxipha plumicornis (Zetterstedt, 1859), which
is closely related to the species studied, has been
incubated from a grasshopper Tettigonia caudata
(Charpentier, 1845) collected in the Raifa forestry
of the Volzhsko-Kamsky State Natural Biosphere
Reserve (Karmazina & Shulaev, 2014). This lo-
cation is 30 km west from Kazan city and about
280 km north from our study area. It is noteworthy
that B. lineata refers to its synonyms. But it differs
from B. redempta (= B. lineata auct. nec Fallen)
by the male genitalia, in particular narrower cerci
(Verves & Khrokalo, 2006).

Conclusions

The comparison of calling signal characteris-
tics of males of Stauroderus scalaris from Samara
region and the Republic of Tuva with those from
other discrete populations (Greece, Italy, France,
Southern Kazakhstan, Kyrgyzstan, Russia: Re-
public of Altai, Republic of Buryatia, Republic of
North Ossetia, Saratov region, Irkutsk region) has
revealed a high degree of acoustic conservatism:
the studied parameters of all acoustic signals are
similar and lie within the variation range.

Since males of Stauroderus scalaris were col-
lected exclusively by acoustic signals in nature, we
can assert that the grasshopper individual infect-
ed by fly’s larva was capable to stridulate. In the
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present study we did not aim to investigate the dif-
ferences between acoustic signals of infected and
uninfected grasshopper individuals because we
do not know whether other researchers previously
studied infected grasshoppers or not.

The identification of the studied fly as Blaeso-
xipha redempta (Pandelle, 1896) according to the
Russian keys and its definition given by the foreign
specialist T. Pape as B. lapidosa Pape, 1994 may
be expressed in confirmation of the synonymy re-
vealed earlier (Verves & Khrokalo, 2006).

According to literature data, Blaesoxipha re-
dempta 1s a parasite of short-horn (Acrididae) and
long-horn grasshoppers (Tettigoniidae) which be-
long to more than 35 different genera of more than
five subfamilies. It is possible that due to taxonomic
confusions, part of its hosts were reported errone-
ously. This idea is supported by the note (Verves
& Khrokalo, 2006) that the females oviposit their
larvae on wings of flying hosts. However, the men-
tioned list includes also wingless and not flying
grasshoppers (e.g., Prumna spp. (= Primnoa spp.)
and Barbitistes spp.). We do not exclude occasional
invasion of representatives of the mentioned gen-
era, first of which, moreover, does not produce loud
acoustic signals. But if we take into account that all
other above-mentioned orthopterans are capable to
fly and, at some point, to produce acoustic emission,
we cannot exclude the role of orthopteran's acoustic
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signals in search of them by B. redempta for further
infection. It can be assumed that such large list of
the parasite hosts is connected with its orientation
only to sound sources of certain frequency, and not
with definition of amplitude-time modulation of
acoustic signals. After finding a male by its calling
signal, the parasite fly stays nearby and waits for a
suitable moment to infect a host. Since the invasion
occurs towards flying up insects, we can assume that
the parasite probably does not see a motionless host
which has a cryptic coloration. Only movements
of orthopterans allow parasitic fly to identify its
host. This is consistent with data on the properties
of insect vision (Mazokhin-Porshnyakov, 1965).
Perhaps, it is a chance circumstance, whether Blae-
soxipha redempta infects flying up males after strid-
ulation, or invades females, which approach males
in response to their calling signals, or infects indi-
viduals of another species or genus located nearby.
However, Zakhvatkin (1954) noted that flying up
males were infected by «B. lineata Fall.» (confused
by the author with B. redempta) more frequently
than females. And this fact can indirectly confirm
the acoustic search of hosts-grasshoppers by men-
tioned parasitic flies.
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HOBBIE JTAHHBIE 110 AKYCTUYECKHUM CUT'HAJIAM
STAURODERUS SCALARIS (ORTHOPTERA: ACRIDIDAE)
W3 PAZHBIX JIOKAJIBHBIX MOMYJIALMNA C 3AMETKOM
O EI'O TAPASUTE U3 POIA BLAESOXIPHA (DIPTERA: SARCOPHAGIDAE)

A. A. Benemukron’, O. A. BeasieB™

Mockosckuii 2ocyoapcmeennbwiii ynusepcumem umenu M.B. Jlomonocosa, Poccus
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BriepBeie ornucanbl IPU3BIBHBIC aKyCTHUECKUE CUTHAIIBI CaMIIOB Stauroderus scalaris v omyOIMKOBaHBI NX OC-
utorpammbl n3 Camapcekoit JIyku u PecrryOnmuku Tysbl. [IpoBeieH cpaBHUTENBHbIN aHAIN3 TAPaMETPOB TIPH-
3BIBHBIX CUTHAJIOB 9TOTO BUJA M3 Pa3sHbIX AUCKPETHBIX momysuuil 3anagnoi Esponst, FOxHoro Kaszaxcrana,
Keiprezerana u Poccnn. Iloka3an BBICOKHE aKyCTHYECKHI KOHCEPBATH3M 3BYKOBBIX CHT'HAJIIOB TEMHOKPBUIOW
KOOBUIKM Ha BCEM MPOTSDKEHNH apeaina. Takxke Ha repputopun Camapcekoii JIykn n3 mocenka baxnnosa I[Tonsna
(OKuryneBckuii rocyaapcTBEeHHBIN PUPOIHBII OnocepHblit 3anoBennuk nmern .M. Cnpeiruna, Poccust) 00-
Hapy’KeH I1apa3uT NPsSIMOKPBUIBIX HACEKOMBIX — MyXa Blaesoxipha redempta, BbIBeieHHas n3 caMua S. scalaris.
310 nepBast HaXo/IKa MpeCTaBuTeNs poaa Blaesoxipha B pesepsare. [Ipencrasnens! Gpororpadun reHUTaIBHOTO
armapara caMIiia MyXH, KOTOPBIH XOpOIIO OTIINYaeTcst OT OMM3KUX BHIOB (hopMoH 11epok u damryca. O0cyxaa-
eTcsl BOSMOXKHAsI CTPATerusi MyXH-IIapasuTa IpH 3apKEHUN aKyCTHUECKH aKTHBHBIX MPSIMOKPBUIBIX-XO035IEB.

KioueBble c10Ba: akyCTHUSCKHUI KOHCEPBATH3M, ITAPa3UTHUECKHE BYKPBIIbIE, IepBast HAX0/1Ka, IPU3bIBHBIC
3BYKH, IPSIMOKpBIIbIe, Camapckas Jlyka, cTparerus HHBa3UH, TEMHOKpbUIast KOObUIKa, TyBa
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