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On the taxonomic status of Gomphbocerus sibiricus turkestanicus
Mistshenko, 1951 (Orthoptera: Acrididae: Gomphocerinae) and on
the subspeciation in grasshoppers in the mountains of Central Asia
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ABSTRACT. Comparative investigation of mor-
phology and the male calling and courtship songs of
Gomphocerus sibiricus sibiricus (Linnaeus, 1767) and
G. sibiricus turkestanicus (Mistshenko, 1951) revealed
no differences in either characters. Based on this, the
synonymy G. sibiricus sibiricus = G. sibiricus turkes-
tanicus, syn.n. is established. Previous studies of Cen-
tral Asian subspecies of widespread Gomphocerinae
species also showed that some of them are synonyms
of nominotypical subspecies, while others are good spe-
cies. No reliable cases of subspeciation in widespread
species of Gomphocerinae in the mountains of Central
Asia were revealed. It can be assumed that the Central
Asian and West Siberian populations of Gomphocerinae
are in contact through a continuous chain of mountain
ranges of southeastern and eastern Kazakhstan and the
adjacent territories of China, which prevents their diver-
gence.

PE3IOME. CpaBHuTensHOEe u3ydeHHE MOpdoo-
T'MH, TPU3BIBHBIX CHUTHAJIOB M CUTHAJOB YXKHBAHUS
camioB Gomphocerus sibiricus sibiricus (Linnaeus,
1767) u G. sibiricus turkestanicus (Mistshenko, 1951)
HE BBISIBUJIO D3NN HU 110 OJTHOMY U3 ITpHU3HaKoB. Ha
OCHOBaHMU ITOTO yCTaHOBJIeHAa CHHOHUMUS G. sibiricus
sibiricus = G. sibiricus turkestanicus, syn.n. Ilpen-
BIIYIIME WCCICAOBAHMS CpEIHEa3sHaTCKUX IT0JBUI0B
LIMPOKO pachpocTpaHeHHbIX BUaoB Gomphocerinae
Tak)Ke IO0Ka3aJd, YTO OJHM U3 HUX SIBIAIOTCS CHHO-
HUMaMH HOMWHATHBHBIX ITOJBHJOB, & JIPyTrue — XO-
pomMu BuJIaMH. J[0CTOBEpHBIX cirydaeB (GopMupo-

BaHUsI TOJABH/JOB Y IIHPOKO PACHPOCTPAHCHHBIX BH-
nmoB Gomphocerinae B ropax Cpeaneil A3Uu HE BBISIB-
JeHO0. MOXHO HPEAIOI0KUTh, YTO CPEAHEA3UaTCKUE U
3amagHocuOupckue momymsiuun Gomphocerinae KoH-
TaKTUPYIOT Yepe3 HENPEepBIBHYIO 1IeMb FOPHBIX Xped-
TOB IOr0-BOCTOYHOTO M BocTouHOoro Kazaxcrana u co-
NpeAebHBIX TeppUTOpHil Kuras, 4To nmpensTcTByeT ux
JIUBEPTEHITHH.

Introduction

Gomphocerus sibiricus (Linnaeus, 1767) (Orthop-
tera: Acrididae: Gomphocerinae) is a Transpalearctic
species occurring in the regions with rather cold climate.
In the eastern part of European Russia and in Siberia it
can live in the plains, further south it is found only in the
mountains. Some mountain populations of G. sibiricus
were described as subspecies (in particular, by Mistsh-
enko, 1951), but later, based on investigation of both
morphological and acoustic traits, they were proved to
be good species. For example, in the course of the re-
cent study of the genus Gomphocerus Thunberg, 1815
in Turkey, four of five taxa of this genus occurring in
Anatolia were raised to the species rank [Mol, 2012; Mol
et al., 2023]. On the other hand, four subspecific taxa
are presently considered synonyms of G. sibiricus sibiri-
cus [Cigliano et al., 2023] and G. kudia sachalinensis
Mistshenko, 1951 is synonymized with G. kudia kudia
Caudell, 1928 [Storozhenko, 1983]. This indicates that
all taxa of subspecific rank in this genus require detailed
study to clarify their status.
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G. sibiricus turkestanicus Mistshenko, 1951 was
briefly described in the key to species and subspecies of
Gomphocerus based on the material from many moun-
tain ranges of Central Asia with the holotype from the
Bolshaya Almatinka River, Zailiyskiy Alatau Range,
Northern Tien Shan [Mistshenko, 1951]. According to
the key, it differs from G. sibiricus sibiricus by propor-
tions of the median antennal segments and the male fore-
wing length. Differences in the pronotum proportions
are not adequately described; for G. sibiricus sibiricus
it is stated that its maximum to minimum width ratio in
males is 2.5-3.0 (data on females are not given) and for
G. sibiricus turkestanicus it is indicated that this ratio in
females sometimes reaches 2 (data on males are absent).
In almost unchanged form, these data are reproduced in
the key to subspecies of G. sibiricus in Latchininsky et
al. [2002].

Earlier we published the song oscillograms and pho-
tographs of a male of G. sibiricus collected in the Inner
Tien Shan, which, according to morphological charac-
ters, belongs to the nominotypical subspecies [Tishech-
kin, 2017]. But since we had only one specimen at our
disposal, this did not allow to draw any conclusions
about the taxonomic status of G. sibiricus turkestanicus.
Recently, we collected more material on G. sibiricus in
the Inner Tien Shan, obtained additional song record-
ings and also, studied some collection materials on this
species from Central Asia. The results of these studies
with a discussion of the hypothesis on subspeciation in
widespread species of Gomphocerinae in the mountains
of Central Asia proposed by Pravdin [1969, 1978] are
given below.

Material and methods

Recordings of the songs were made under natural condi-
tions from freely-moving insects with a microphone Spirit
IM-01 (frequency response 0.02-20 kHz) and cassette record-
er “Elektronika-302-1” (before 2005) or minidisk recorder
Sony Walkman MZ-NH900 with a sampling rate of 44.1 kHz
(in 2014) or with a Roland R-05 digital audio recorder (frequen-
cy response 0.02—40 kHz, flat response 0.02-20 kHz) with a
sampling rate of 96 kHz (in 2023). In all cases, manual mode of
the recording level control was used. Air temperature was mea-
sured during or immediately after recording on the place where
the singing insect was sitting. The specimens which songs were
recorded were taken for taxonomic identification.

Song terminology is accepted after Ragge & Reynolds
[1998]. Calling song is a sound produced by an isolated male
for attracting conspecific female. Courtship song is a sound
produced by a male when close to female. A syllable is a sound
produced by one complete up- and downstroke of the hind leg.
Short pauses in the sound resulting from the breaks during up-
or downstroke of the leg are referred to as gaps. An echeme is
a first-order assemblage of syllables.

Oscillograms of songs were produced with Cool Edit Pro
2.1 software. Measurements of morphological structures were
made using a Motic SMZ-171-BP stereomicroscope with a mi-
crometer eyepiece.

All studied materials are deposited in the collection of the
Zoological Museum of Moscow State University.

Morphology

For morphological studies, samples of G. sibiricus si-
biricus from the environs of Kuznetsk (Penza Oblast, Eu-
ropean Russia), Nizhniy Tsasuchey (Chita Oblast, Trans-
baikalia), and Debin (Magadan Oblast, northern part of the
Russian Far East) were used; in the population from Nizhniy
Tsasuchey song recordings were also made (see below).
G. sibiricus turkestanicus was studied using samples from
the Kekemeren River basin, Terskey Ala-Tau Range, and
the Kuylyu River valley (all collection sites are located in
Tien Shan Mountains, Kyrgyzstan); in two localities from
the Kekemeren River basin song recordings were also made.

Proportions of the median antennal segments are
considered the main character for distinguishing be-
tween G. sibiricus sibiricus and G. sibiricus turkestani-
cus [Mistshenko, 1951; Latchininsky ef al., 2002]. Ac-
cording to the original description, the length of an indi-
vidual median antennal segment in G. sibiricus sibiricus
exceeds its maximum width by 2.5-3 times in male and
by 2-2.25 times in female, while in G. sibiricus turke-
stanicus this ratio is 1.5-2 and 1.25-1.5, respectively.

Antennae of G. sibiricus normally are 24- or 23-seg-
mented; sometimes the boundaries between any two
segments are indistinguishable. In the present study, we
measured the proportions of 10"—13" segments counting
from the base. Since the antennal segments in G. sibiri-
cus are somewhat flattened, for measurement they were
placed in the broadest aspect.

Based on our material, it was impossible to reveal any
differences between the two subspecies in this parameter.
On the contrary, the ranges of the length-to-width ratio of
each of the measured segments overlap almost completely
both in males and in females (Figs 1-2). One can also easily
verify this by measuring the antennal segments of specimens
from different localities shown in the photos (cf. Figs 3-8,
G. sibiricus sibiricus, and 9-14, G. sibiricus turkestani-
cus). In addition, the length-to-width ratio decreases from
the 10" to the 13" segment in both sexes. Only in 3 of 15
studied males from Central Asia a length-to-width ratio of
the 12 and/or 13" segments was less than or equal to 2,
that is, consistent with the values given in the original de-
scription of G. sibiricus turkestanicus (Fig. 1). But even in
these specimens, a length-to-width ratio of the 10" and 11™
segments was higher i.e. as in G. sibiricus sibiricus.

As mentioned above, data on proportions of the prono-
tum in the original description are incomplete. However,
we measured the maximum-to-minimum length ratio in
both subspecies. In G. sibiricus sibiricus it is on average
higher than in G. sibiricus turkestanicus, but there is signif-
icant overlap between these taxa in this parameter, which
can be seen both in the photos of specimens from Siberia
and Kyrgyzstan (Figs 15-16) and on the diagram (Fig. 17).

Females of the two subspecies are indistinguishable
in the length of forewings. In males of G. sibiricus si-
biricus forewing are on average longer than in G. sibiri-
cus turkestanicus. Still, there is also considerable over-
lap between them in this parameter; such distinct differ-
ences in the length of forewings, which were pointed out
by Mistshenko [1951] were not found (Fig. 18).
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Figs 1-2. Length-to-width ratio of the median antennal segments in two subspecies of Gomphocerus sibiricus. 1 — males, 2 — females. Each
point on the diagram represents a measurement of one specimen; the parameter ranges given in the original description are shown above the
diagrams as lines bounded by the corresponding marks.

Puc. 1-2. CooTHOLIEHHE AJIMHBI ¥ IIMPUHBI CPEIHUX CErMEHTOB AHTEHH JBYX MOABUAOB Gomphocerus sibiricus. 1 — camipl, 2 — CaMKH.
Kaxast Touka Ha JuarpaMMe COOTBETCTBYET IIPOMEPY OHOTO SK3EMILISAPa, ANAIa30HbI MapaMeTPOB, IPHBEACHHBIC B [IEPBOONICAHIH, [TOKA3aHbI
Haj MarpaMMamMH B BUJIC JIMHUH, OTPAaHUYCHHBIX COOTBETCTBYIOINMH 3HAYKaMH.
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Figs 3-16. Gomphocerus sibiricus. 3, 6,9, 12 — antenna, 4-5, 7-8, 10-11, 13-14 — 10"-13™ antennal segments, 15-16 — head and pronotum.
3-8 — specimens from European Russia, 9—14, 16 — specimens from Kyrgyzstan, 15 — specimen from Chita Oblast. 3-5, 9-11, 15-16 — males,
6-8, 12-14 — females. Scheme of measurements of minimum and maximum width of pronotum is shown by arrows on the Fig. 15.

Puc. 3-16. Gomphocerus sibiricus. 3, 6,9, 12 — anrenna, 4-5, 7-8, 10—11, 13—14 — 10—13-ii aHTeHHaIbHbBIE CETMEHTHI, 15—-16 — ronosa u
nepeHeciHKa. 3—8 — 3K3eMIULIpsl U3 eBporeiickoit Poccun, 9-14, 16 — sx3emiuisipel u3 Kbipreiscrana, 15 — skzemmisap u3 YuTHHCKOM

obmactu. 3-5, 9-11, 15-16 — camupl, 6-8, 12-14 — camku. Cxema MpOMEPOB MHUHUMATHLHOW W MAaKCHMAIbHON HIMPUHBI MEPEIHECTHHKU
10Ka3aHa CTpeJKaMH Ha puc. 15.
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Male songs

Song recordings were made in the following locali-
ties.

1. Russia, Irkutsk Oblast, 16—17 km north of Nizh-
neudinsk, the bank of the Uda River near the Uk River
mouth, 1.VIL.2003, calling songs of one male recorded
at 35 °C (Figs 19, 25, 31, 37).

2. Russia, Buryatia, 10 km east of Onokhoy (about
60 km east of Ulan-Ude), the valley of the Bryanka Riv-
er, 1. VII. 2006, calling songs of one male recorded at
36 °C (Figs 20, 26, 32, 38).

3. Russia, Chita Oblast, the valley of the Onon Riv-
er 5-6 km west of Nizhniy Tsasuchey Village, 18-19.
VI.1995, calling songs of two males recorded at 31—
32 °C (Figs 21, 27, 33, 39).

4. Kyrgyzstan, Inner Tien Shan Mts., the Kekeme-
ren River 89 km downstream from Kozhomkul vil-
lage, mountain steppes on the left bank, 27.V1.2014,
calling songs of one male recorded at 36 °C (Figs 22,
28, 34, 40).

5. Kyrgyzstan, Inner Tien Shan Mts., the Kekemeren
River basin, steppe slope on the southern bank of the
Western Karakol River ca 8 km from the mouth (ca 8
km east of the Suusamyr Village), 13.VIL.2023, calling
songs of one male (Figs 23, 29, 35, 41) and the courtship
song of one male (Figs 24, 30, 36) recorded at 36 °C.

The calling and courtship songs of G. sibiricus were
described by many authors; a complete list of references
can be found in Vedenina et al. [2020]. The main part
of the calling song is an echeme lasting from 10—-15 up
to 40-50 s (Figs 19-23). It begins quietly and usually
reaches maximum intensity at about one third or a half
of its duration. Each syllable consists of a longer lower-
amplitude initial part with many gaps of variable dura-
tion and a shorter higher-amplitude end part. The first
two thirds or one half of an end part usually includes
4-6 gaps (Figs 25-29, 31-35). Syllables follow each
other at the rate of 5-6/s at 31-36 °C. At the end
(Figs 20-23) and, more rarely, also at the beginning of
an echeme (Fig. 19), syllables of lower intensity repeat-
ed at the rate of about 4/s can follow (Figs 37-41). Dura-
tion of this part and the shape of syllables vary greatly;
sometimes it is almost reduced and includes only several
low-amplitude syllables (Fig. 22).

The courtship song is similar to the calling, but its
duration varies within wider limits (Figs 24, 30, 36; sce
also, Vedenina et al., 2020). The sequence of the low-
amplitude syllables at the end of the courtship song can
be strongly reduced or absent (Fig. 24).

Conclusions

Within the subfamily Gomphocerinae, subspecies
differ in morphological characters, although not to the
same extent as good species. In addition, they can dif-
fer in the song patterns while retaining species-specific
features important for recognition by a conspecific fe-
male, such as the overall structure of the song (single
echeme or an echeme-sequence), the general scheme

of the syllable temporal pattern, and the syllable rep-
etition rate; Mongolotettix japonicus japonicus (1. Boli-
var, 1898) and M. japonicus vittatus (Uvarov, 1914) or
Chorthippus apricarius apricarius (Linnaeus, 1758) and
Ch. apricarius major (Pylnov, 1914) can be mentioned
as examples [Vedenina, Bukhvalova, 2001; Tishechkin,
2017].

However, even in our very limited material, G. si-
biricus sibiricus and G. sibiricus turkestanicus do not
differ in any of the morphological characters used in the
original description. The study of additional specimens
from other parts of the range will undoubtedly only ex-
pand the revealed ranges of variability, due to which the
overlap in morphometric parameters between these two
taxa will become wider.

Male calling songs of different Gomphocerus spe-
cies have the same general scheme of the temporal pat-
tern and differ in the syllable patterns, including the
number of gaps, and in the syllable repetition rate [Mol
et al., 2023]. Based on these data, it can be argued that
all calling songs we studied undoubtedly belong to the
same species. Moreover, we revealed no differences be-
tween the songs of males from Central Asian and Si-
berian populations. We have only one recording of the
courtship song of G. sibiricus turkestanicus, however,
no differences were revealed between it and songs of
this type in G. sibiricus sibiricus described by Vedenina
et al. [2020].

Based on this, we establish the synonymy G. sibiri-
cus sibiricus (Linnaeus, 1767) = G. sibiricus turkestani-
cus (Mistshenko, 1951), syn.n.

The mountain insect fauna of Central Asia is known
to be characterized by high endemism on the generic
and species levels. In Acridomorpha (Orthoptera), Prav-
din [1969, 1978] distinguishes two groups of endemic
Central Asian taxa. The first group includes mountain
species with rather narrow ranges. The emergence of
endemic taxa in this group is usually related to the dis-
integration of a mountain system into several orographic
units; populations, thus being isolated by intermountain
valleys, may evolve into separate subspecies or species.
The isolation of different populations is also facilitated
by the fact that most of such species are short-winged
or wingless. A similar phenomenon is also known in
Central Asian short-winged species of Tettigoniidae
(Orthoptera) [Korsunovskaya, 2023].

The second group is formed by widespread, long-
winged, good flying species, at least part of whose
ranges cover the temperate plains of the Palearctic, and
whose Central Asian populations were described as
separate subspecies. According to Pravdin [1969], this
group includes the following species of Gomphocerinae:
Arcyptera microptera (Fischer von Waldheim, 1833),
Dociostaurus kraussi (Ingenitzky, 1897), Notostaurus
albicornis (Eversmann, 1848), G. sibiricus, Chorthip-
pus biguttulus (Linnaeus, 1758), Ch. apricarius, and
Ch. parallelus (Zetterstedt, 1821). We have not conduct-
ed detailed studies of the first three species in Central
Asia. A study of four other species showed that the taxo-
nomic rank of their Central Asian populations was mis-
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interpreted. Central Asian subspecies of Ch. apricarius  onym of a Transpalearctic Ch. maritimus Mistshenko,
and G. sibiricus are synonyms of nominotypical subspe- 1951 [Bukhvalova, 1993, 1998; Tarasova et al., 2021].
cies [Tishechkin, 2017 and the present paper]. Ch. big-  The exact taxonomic status of Ch. pamiricus (Ramme,
uttulus meridionalis Mistshenko, 1951 is a junior syn-  1930), which is sometimes considered as a subspecies of
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Figs 17-18. Morphometric parameters of two subspecies of Gomphocerus sibiricus. 17 — ratio of maximum to minimum width of pronotum,
18 — forewing length. Each point on the diagram represents a measurement of one specimen; the parameter ranges given in the original descrip-
tion are shown above the diagrams as lines bounded by the corresponding marks.

Puc. 17-18. Mopdomerpudeckue napameTpsl AByX nousunoB Gomphocerus sibiricus. 17 — COOTHOIICHHE MaKCUMAJIbHON U MUHMMAaJIbHOM
MINPHHBI IEPETHECITHHKH, 18 — mmHa nepennero kpbuta. Kaxnas Touka Ha AHarpaMMe COOTBETCTBYET IIPOMEPY OJHOTO IK3EMILIIpa, AUANa30HbI
apaMeTpPOB, MPHBEACHHbIC B IEPBOONUCAHHH, TOKAa3aHbI HA/l JUarpaMMaMi B BH/IC JIMHUH, OTPAHUYCHHBIX COOTBETCTBYIOIINMH 3HAYKAMH.
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Figs 19-30. Oscillograms of male songs of Gomphocerus sibiricus from different localities. 19-23, 25-29 — calling song, 24, 30 — courtship

song. Faster oscillograms of the parts of signals indicated as “25—41" are given under the same numbers. Scale mark “3 s” — for oscillograms
19-24, “0.5 s” — for oscillograms 25-30.
Puc. 19-30. OcumurorpamMMel curHainoB camuoB Gomphocerus sibiricus W3 pa3HbIX MecTOHaxoxaeHuil. 19-23, 25-29 — npu3bIBHBIIT

curHan, 24, 30 — curnan yxaxupaHus. OparMeHThl CUIHAJIOB, NMOMeYeHHbIe Iuppamu “25-417, mpeacTaBieHbl HA OCLUIUIOTpAMMax IOJ
COOTBETCTBYHOLIMMH HOMepamMu. OTMeTKa BpeMeHu “3 s” — i ocuuiiorpamm 19-24, ormerka Bpemenu “0.5 s” — juist ocuusuiorpamm 25-30.
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Figs 31-41. Oscillograms of male songs of Gomphocerus sibiricus from different localities. 31-35, 37-41 — calling song, 36 — courtship song.
Scale mark at the bottom is the same for all oscillograms.

Puc. 31-41. OcuuuiorpaMMbl CUrHaoB caMioB Gomphocerus sibiricus n3 pa3HbIX MecTOHax0xaeHUH. 31-35, 3741 — npu3bIBHBINA CUrHAI,
36 — curnan yxaxxusauus. OTMETKa BPEMEHH BHH3Y — 00IIast VTSI BCEX OCLIMIIIOrPAMM.
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Ch. biguttulus [Mistshenko, 1951; Pravdin, 1969, 1978]
is unclear. Still, it is extremely unlikely that it could be
a subspecies of Ch. biguttulus, since the latter species
penetrates south no further than the steppes of northern
and eastern Kazakhstan [Bukhvalova, 1993]. Ch. gemi-
nus Mistshenko, 1951 originally described as a subspe-
cies of Ch. parallelus was shown to be a good species,
distinctly different from Ch. parallelus s.str. in a song
pattern [Tishechkin, 2024].

Thus, no reliable cases of subspeciation in wide-
spread species of Gomphocerinae in the mountains of
Central Asia were revealed so far. This fact can be ex-
plained as follows. In the north, the mountains of Cen-
tral Asia are separated from the steppe and forest zones
by the deserts of Kazakhstan; this may lead to an er-
roneous conclusion about the geographic isolation of
the Central Asian mountain populations of grasshoppers
from these located to the north in the plains. However,
the mountain systems of Central Asia are connected with
the forest-steppe and mountainous regions of Western
Siberia by an almost continuous chain of mountain rang-
es in southeastern and eastern Kazakhstan and in the ad-
jacent regions of China. Gaps in this chain (for example,
the so-called Dzhungarian Gate at the eastern end of the
Dzhungarian Alatau) do not exceed several tens of kilo-
meters and cannot serve as an effective barrier for well-
flying insects. It can be assumed that it is through this
pathway that genes are exchanged between the Siberian
and Central Asian populations, which prevents the for-
mation of subspecies in the mountains of Central Asia.
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