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Tetrix tuerki (Orthoptera, Tetrigidae): pacnpocTpaneHue B YKpanHe, 3K0JIOrM4ecKas XapaKTepPUCTHKA U
ocooennoctn ouogorun. Ilymkap T. M. — [MoarsepxkaeHa Haxomka Tetrix tuerki (Krauss, 1876) Ha
Tepputopun YkpauHckux Kapmnar, B [IpukapraTbe u 3akapriaTbhe, Tlie OH BCTpeuYaeTcss B JOJMHAX
ropHbiX pek. T. tuerki mpeactaBieH TpeMsi MopdosornueckumMu GhopMaMu: KOPOTKOKPBLIOW, CpeaHe-
KPBUIOM Y IJIMHHOKPBUIOW. 3MMYIOT MMaro KOPOTKOKPBUION M CpeaHeKpbUIoi ¢(opM, a Takke
JIMYMHKK TOCJIEAHUX BO3PACTOB; JIMHHOKPBUIbIE OCOOM TOSIBJISIIOTCS B MIOHE M3 TEPe3MMOBABIIMX
JIMYMHOK. JIMYMHKM, MpeBpallalolMecss B MMaro B TOI CBOEro TOSIBIEHUsI, CTAHOBSTCS
KOPOTKOKPBUIBIMA W CPEIHEKPBUIBIMUA 0CO0siIMU. Buotormueckasi mpruypoYeHHOCTh M3MEHsSIETCS Ha
MPOTSDKEHUM Cce30Ha W crhenuduuHa sl pa3HeIx Mopdonornmdeckux ¢dopm. Becnoit 7. fuerki
BCTpEYaeTCsl Ha TpaHMIIE TeCYaHbIX M IMECYaHO-TaJIeYHUKOBBIX OEperoBbIX HAHOCOB W MOWMEHHOM
Teppachl, MOKPBITOM TPaBIHUCTOW PACTUTEIbHOCTHIO (KOPOTKOKPBLIAsi M CpeaHeKpbuias (HOpPMBI),
JIETOM — Ha HAHOCHBIX KOCAaX M OCTPOBKAaX, YacTO Jajeko OT Oepera (IJIMHHOKpPBLIbIE ocobu). B
CpeIHEeM TeUEHUHU TOPHBIX PEK, Ille HAHOCHI XOPOLIO Pa3BUTHI, IPUCYTCTBYIOT Bce MOpdooruyeckue
(opMBI; B BEpXHEM TEUEHMHU, TJie HAHOCHI ITPEUMYIIIECTBEHHO TaJIeYHUKOBBIC, M B HIDKHEM, Tle Oepera
MPUOOPETAIOT PABHUHHBINM XapaKTep, BCTPEUAIOTCs TOJbKO KOPOTKOKPBLUIBIE M CPEeIHEKPBLIbIE OCOOU.
JnuHa Tena ocoOeit MakCMMallbHa B CPEIHEM TeUeHWU M YMEHbIIAETCSI B BEPXHEM U HUXKHEM TeUeHUU
TOpHBIX pek. BubpaumoHHble curHanbl 7. fuerki omucaHbl BHepBble. [IpuBeaeHBI OCHUIOTPAaMMBbI
BUOPALIMOHHBIX CUTHAJIOB.

Krnwouessie cnoBa: Orthoptera, Tetrigidae, Tetrix tuerki, pacripocTpaHeHWe, YKpaWHCKUE
Kaprmatsl, mpubpexxHbie OMOTOITBI TOPHBIX peK, (DeHOJIOTUsI, BUOPAIIMOHHBIC CUTHAJIBI.

Tetrix tuerki (Orthoptera, Tetrigidae): Distribution in Ukraine, Ecological Characteristic and Features of
Biology. Pushkar T. I. — The presence of Tetrix tuerki (Krauss, 1876) in the Ukrainian Carpathian
Mountains and Transcarpathian Region nowadays is confirmed. Three different morphological forms of
T. tuerki are distinguished based on the wings and prothorax lengths: brachypterous, mesopterous and
macropterous forms. Only two forms of adults (mesopterous and brachypterous) and the larvae of middle
and the last instars hibernate. Adults of macropterous individuals of 7. tuerki appear in June, developing
from the hibernated larvae. Some larvae of 7. tuerki are emerged from eggs and become the adults at
the same year, transforming mesopterous and brachypterous forms. In spring 7. tuerki (brachypterous
and mesopterous individuals) lives on sandy-pebble alluvion of mountain river coasts, but in summer it
(macropterous individuals) prefers alluvions near the middle part of the river far from its coasts. All three
morphological forms of 7. tuerki inhabit the middle flows of mountain rivers and the foothills outside a
mountain system; brachypterous and mesopterous individuals are widespread in the upper reaches and
in the lower flows of mountain rivers where alluvions are rare. Body length of specimens of 7. tuerki,
inhabiting upper and lower flows mountain rivers are smaller then in other river sides. Vibratory signals
of T. tuerki are described for the first time and the oscillograms of the vibratory signals are provided.

Key words: Orthoptera, Tetrigidae, Tetrix tuerki, distribution, Ukrainian Carpathian Mountains,
alluvion of mountain rivers banks, phenology, vibratory signals.
Introduction

The family Tetrigidae (Orthoptera), or pygmy locusts is a group of small orthopterous insects distributed
worldwide. It includes about 1400 species belonging to 270 genera (Devriese, 2004). This family is
characterized by the elongated prothorax (protuberance of prothorax), which fully covers the abdomen
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dorsally and can be considered as a functional analogue of tegmina (elytra), while tegmina of Tetrigidae are
reduced to the two small sclerotized plates on both sides of prothorax. The length of prothorax of Tetrigidae
depends from the stage of development of hind wings (alae) and represents the major morphological
parameter of individuals ability to flight. It was previously recorded that each specimen of pygmy locusts
belongs to one of two morphological groups: brachypterous and macropterous forms (Bey-Bienko, 1951;
Benediktov, 1998, 2002, 2005; Pushkar, 2005). At the same time Bazyluk (1958) discussed the necessity of
more fractional subdivision of morphological forms of Tetrigidae.

Our research shows that three morphological forms of adults of pygmy locusts can be recognized: the
brachypterous, the mesopterous and the macropterous.

The brachypterous form is characterized by weakly developed wings and short protuberance of the
prothorax, which does not extends beyond the posterior point of the hind femur. The mesopterous form has
better developed wings and the prothorax protuberance extended beyond the posterior point of the hind femur
less than on the half of the the hind femur length. The macropterous form has fully developed wings and
long protuberance of prothorax that extends beyond the posterior point of the hind femur more than on the
half of its length (fig. 1). Simultaneously, the protuberance of prothorax of macropterous form can be longer
or shorter than the length of wings, and macropterous individuals often can be definitely recognized based
on wings length rather than from the length of prothorax protuberance.

The tetrigids, unlike the majority of other Orthoptera, have no sound communications by stridulation,
and for a long time they were called “deaf-mutes”. A peculiar character of pygmy locusts is the absence of
tympanum on the first abdominal tergite. Capability of pygmy locusts to communicate by vibratory signals,
which can be distributed through a substratum (soil or dry plant residues) was recorded (Benediktov, 1998).
Currently, distinctive vibratory signals of nine species of pygmy locusts were recorded and described; among
them five species are distributed in Ukraine (Benediktov, 1998, 2002, 2005).

The species of pygmy locusts present in Ukraine can be considered as eurytopic or stenotopic species,
depending on the presence or absence of the preferable habitats. Preliminary results of my studies demonstrate
that the species of pygmy locusts whose borders of distributional ranges lie in Ukraine (7etrix bipunctata
(Linnaeus, 1758), T. undulata (Sowerby, 1806), Uvarovitettix depressus (Brizout de Barnevill, 1849),
T. bolivari Saulcy, 1901), can be considered as stenotopic species because their natural habitats are rarely
represented in Ukraine. On the other hand, the Tetrigidae species widespread in Ukraine can be considered
as eurytopic species because their natural habitats are present everywhere.

T. bipunctata occurs in the Carpathian Mountains to Polissya and the north of the Wood-and-Steppe
zone. This species inhabits mainly wet glades with well-grown moss blanket in old fir, pine and oak forests,
especially near mesotrophic and oligotrophic peat-bogs. 7. undulata usually inhabits in environs of
mesotrophic and eumesotrophic peat-bogs of Polissya and north-western part of the Wood-and-Steppe
Zone. U. depressus is hydro-thermophilic species, distributed on the Southern Coast of the Crimea. Original
observations (Pushkar, 2005) confirmed that 7. bolivari inhabits environs of freshwater and saltish reservoirs
along the coasts of the Black and Azov seas, but also reaches the central part of the Wood-and-Steppe Zone
along the valleys of big rivers.

Only two species, T. subulata (Linnaeus, 1758) and 7. tenuicornis (Sahlberg, 1893) are comparatively
eurytopic and widespread in Ukraine, inhabiting direct environs of freshwater reservoirs, water-meadows,
forests edges, but being very rare in more arid biotopes.

The main goal of my research was the explanation of the distribution of the poorly studied species
T. tuerki (Krauss, 1876) and investigation of its biology, life cycle, ecological preferences and feeding
behavior.

Fig. 1. Morphological forms of 7. tuerki (¢): I — brachypterous form; 2 — mesopterous form; 3 —
macropterous form

Puc. 1. Mopdonornueckue dopmbl T. tuerki (Q): 1 — KOpPOTKOKpbLIasi; 2 — cCpeaHekpbuias; 3 —
JUTMHHOKPBLIAst



Tetrix tuerki (Orthoptera, Tetrigidae)... e-3

T. tuerki was firstly recorded from Ukraine by Lomnicki (1905); it was found on the coastal biotopes
of the Bystrytsya (environs of Ivano-Frankivsk) and Prut Rivers (environs of Kolomiya in Ivano-Frankivsk
Region) (fig. 2), but it was not subsequently mentioned for Ukraine (Chetyrkina, 1950; Bey-Bienko, 1951,
1964; Likovich, 1959, 1979, 1984; Harz, 1975; Podgornaya, 1983; Devriese, 1996, 2004; Heller et al., 1998;
Heller, 2006).

Previous study confirmed the presence of 7. tuerki in Ukraine only in the Carpathian Mountains
(Pushkar, 2005). The present study has gained data on the easternmost border of the area of this species,
particularly its nominative subspecies (fig. 2).

Ivang~Frankivsk %

) %./ .

— number of specimens
in one hour collecting
sample (specimens / hour )

Fig. 2. Map of studied region, with the collecting localities.
Puc. 2. Kapra-cxema pernoHa mccienoBaHuil ¢ 0003HaYeHWEM TOUYEK TIPOBEACHUS COOPOB.

1-26 — localities of collecting samples; @ — own finds T, tuerki; — localities where 7. tuerki wasn’t
found; B — the literature and museum data; — the state boundary of Ukraine and the boundaries
of Ukrainian Carpathian Mountains; == == == — the borders of a natural habitat 7. fuerki in Ukraine

Lviv Region: 1 — flood-lands of Dniester River near city Staryi Sambir; 2 — flood-lands of Stryi River near
village Verkhnie Synievydne (Skole District); 3 — flood-lands of Stryi River near city Stryi; 4 — flood-lands
of Stryi River near city Zhidachiv; 5 — flood-lands of Stryi River near fusion with Dniester River, village
Zalissya (Zhidachiv District); 6 — upper reaches of Opir River near city Skole; 7 — flood-lands of Svicha
River, village Zhuravno (Zhidachiv District); 8 — flood-lands of Svicha River near a fusion with Dniester
River near village Zhuravno (Zhidachiv District); 9 — flood-lands of Berezhnitsya River near village
Oleksichi (Dashava District); 10 — the lake near village Syanki (Turka District); Ivano-Frankivsk Region:
11 — flood-lands of Svicha River, village Goshiv (Dolyna District); 12 — flood-lands of Chorny Cheremosh
River, village Kryvorivnya (Verkhovyna District); 13 — flood-lands of Bystrytsya Nadvirnyanska River near
city Ivano-Frankivsk; 14 — flood-lands of Bystrytsya Nadvirnyanska River near village Mykytyntsi (city
Ivano-Frankivsk); 15 — flood-lands of Manyavka River near village Starunya (Bogorodchany District); 16 —
flood-lands of Prut River near city Kolomiya; Zakarpattya Region: 17 — flood-lands of Uzh River, railway
station Sil’ (Velyke Berezne District); 18 — flood-lands of Uzh River, village Dubrynychi (Perechyn
District); 19 — flood-lands of Lyutyanka River near village Dubrynychi (Perechyn District); 20 — flood-
lands of Uzh River near city Uzhhorod; 21 — flood-lands of Latoritsya River near village Chinadiyovo
(Mukacheve District); 22 — flood-lands of Latoritsya River, railway station «Carpathians» (Mukacheve
District); 23 — flood-lands of Latoritsya River near city Svalyava; 24 — flood-lands of Tisa River near city
Khust; 25 — flood-lands of Khustets River near village Nankovo (Khust District); Chernivtsi Region: 26 —
flood-lands of Prut River near city Chernivtsi.
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Material and methods

Material was collected in 21 sites of Ukraine (Lviv, Ivano-Frankivsk, Zakarpattya and Chernivtsi
Regions) (see also fig. 2) during 2006—2008 (April to July). For determination of population density the
specimens 7. tuerki were collected over a certain time with a further recalculation for one hour (Pravdin et
al., 1972). The specimens of T. tuerki were kept under the laboratory conditions (+29—30°C) in a rearing
cage for a further observations on a feeding behavior and peculiarities of a life cycle.

The specimens of 7. tuerki from Ukraine are deposited in the collection of Schmalgausen Institute of
Zoology of National Academy of Sciences of Ukraine (SIZK). A comparative material from the collection
of Orthoptera of Zoological Institute of Russian Academy of Science (ZISP, Saint-Petersburg, Russia) and
State Natural History Museum of National Academy of Sciences of Ukraine (NSML, Lviv, Ukraine) were
investigated. The photographs of syntypes of 7. tuerki, deposited in the collection of Stuttgart State Museum
of the Natural Sciences (SMNS, Germany) were examined (SysTax & DORSA, 2008).

The abbreviations of measurements (terminology follows Harz, 1975; Devriese, 1996; Storozhenko,
Paik, 2007): BL, — length of a body on the lateral view from a frontal surface of a head to the end of
protuberance of prothorax; BL, — length of a body on a the lateral view from a frontal surface of a head to
the end of abdomen; PL — length of prothorax from an anterior edge to the end of protuberance of
prothorax; PH — the maximal height of prothorax from the median carina to the lower edge of the lateral
lobes of prothorax; WL — length of the hind wing (ala) from the tegmen base to the wing apex; TL — length
of the visible part of tegmina on the lateral view; FL — length of the hind femur; FW — maximal width of
the hind femur; VL — length of the dorsal valve of ovipositor; VW — maximum width of the dorsal valve of
ovipositor; SL — length and SW — maximal width of the longest segment of antenna.

Indices: PI (prothorax index) = PL/PH; FI (hind femur index) = HL/HW; VI (dorsal ovipositor valves
index) = VL/VW; SI (antenna median segment index) = SL/SW.

Most field observations on the phenology of T. tuerki were carried out near the Stryi River (Carpathian
region) in April-July 2006—2008. Some additional quantitative data about 7. fuerki were obtained in many
other localities of Carpathian region (fig. 2).

Five larval instars in males and six in females were recorded for some pygmy locusts (7. subulata,
T. bipunctata, T. undulata), occurring in Ukraine [Farrow, 1964 (cit. from: Podgornaya, 1981); Podgornaya,
1981]. According to my observations, 7. fuerki has at least five instars. Since identification keys to larval
instars of the pygmy locusts do not exist, the correct identification of the larval instars of 7. tuerki is rather
difficult. That is why we recognize below three groups of larval instars of 7. fuerki: early instars (I—II instars),
middle instars (III—IV instars) and last instars (presumably V instar).

Recording of vibratory signals of T. tuerki were carried out after A. A. Benediktov (1998, 2002, 2005).
In the laboratory experiments the temperature fluctuated between 29—31°C. The specimens of 7. tuerki were
placed on substratum (a small cardboard plate, 75 mm X 90 mm, covered by transparent cap), and different
combinations of specimens were used (single specimen of male or female, two males, two females, or male
with female) in this experiment.

The cardboard plate was attached by a flexible spring to a metallic needle of piezo-electric receiver.
The receiver accepted vibratory signals produced by specimens of 7. fuerki, placed on the cardboard plate,
then this signal consistently magnified by a transistor amplifier and transferred to the computer sound card.
Accepted vibratory signals of 7. tuerki were recorded and transformed into oscillogramms on the computer
using the program Sound Forge 8.0 (Sony Pictures Digital, Inc.) and Sonic Visualiser (Free Software
Foundation, Inc.).

All the vibratory signals consist of more or less distinct pulses united into rhythmically repeated sound
groups — echemes and sequences (Benediktov & Zhantiev, 2000). Three types of vibratory signals of pygmy
locusts were previously indicated (Benediktov, 2002), and the following classification of signals was used:
signals of Type I — sequences of sound echemes of high and low amplitude which were mutually alternate
(e. g. pairs of different echemes); signals of the Type II — single echemes, which was constantly repeated
with well expressed and recognizable pulsar structure; signals of the Type III — sequences of repeated
echemes without clear internal order.

Systematics

T. tuerki includes 2 subspecies: T. tuerki tuerki occurs in the European mountains
(including Ukrainian Carpathians), and T. tuerki orientalis Harz, 1979, is recorded from
Tajikistan (Harz, 1979; Devriese, 1996, 2004 ).

General Distribution of Nominative Subspecies

Mountains of Europe (Albania, Austria, Bulgaria, Czech Republic, France, Ger-
many, Greece, Hungary, Macedonia, Montenegro, Poland, Romania, Serbia, Slovakia,
Switzerland, Turkey (Thrace), Ukraine) (Lomnicki, 1905; SIko6con, buanku, 1905;
beit-buenko, 1951; Bazyluk, Liana, 2000; Harz, 1960, 1975; Devriese, 1996, 2004;
Heller, 2004; Unal, 2007).
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Material examined. Ukraine: Lviv Region: 2 ¢, city of Staryi Sambir, flood-lands of Dniester
River, 16.06.2006; 2 <, 1 ¢, Skole District., village Verkhnie Synievydne, flood-lands of Stryi River,
5.05.2008; 3 o, 11 o, city of Stryi, flood-lands of Stryi River, 17.06.2006, 06.07.2007, 27.04.2008; 3 ¢, 1 Irv.
of last instars, city of Zhydachiv, flood-lands of Stryi River; 1 ¢, Zhydachiv District., village Zalissya, flood-
lands of Stryi River near the fusion with Dniester River, 28.04.2008; 1 ¢, 1 Irv. of last instars, Zhydachiv
District, village Zhuravno, flood-lands of Svicha River, 29.04.2008; 1 ¢, 1 Irv. of last instars, village
Zhuravno, flood-lands of Svicha River near the fusion with Dniester River, 29.04.2008; Ivano-Frankivsk
Region: 2 ¢, 1 Irv. of middle instars, city of Ivano-Frankivsk, flood-lands of Bystrytsya Nadvirnyanska River,
22.07.2008; 6 o, 17 ¢, 26 Irv. of middle instars, Dolyna District, village Goshiv, flood-lands of Svicha River,
6.07.2007; 14 o, 19 o, 5 Irv. of middle instars, 1 Irv of last instars, Verkhovyna District, village Kryvorivnya,
flood-lands of Chorny Cheremosh River, 22.07.2007, 21.07.2008 (SIZK); 4 ¢, city of Ivano-Frankivsk,
village Mykytyntsi, flood-lands of Bystrytsya Nadvirnyanska River, 3—8.10; 2 ¢, Bogorodchany District,
village Starunya, flood-lands of Manyavka River, 15.09, (NSML); Zakarpattya Region: 15, 1 ¢, 1 lrv. of
middle instars, Velyke Berezne District, railway station Sil’, flood-lands of Uzh River, 30.04.2008; 25, 3 o,
Perechyn District, village Dubrynychi, flood-lands of Uzh River, 30.04.2008; 2 o, 1 ¢, Perechyn District,
village Dubrynychi, flood-lands of Lyutyanka River near the fusion with Uzh River, 30.04.2008; 1 ¢, 1 Irv.
of last instars, city of Svalyava, flood-lands of Latoritsya River, 1.05.2008; 3 o, 6 ¢, city of Khust, flood-
lands of Tisa River, 1.05.2008 (SIZK); Romania: 1 ¢, «Ciucea, 7.04.1960. Kis B. (leg. et det.)»; Bulgaria:
1 o «Asenova krepost, r. Tschepelare 8.06.1960. Peschev leg., B-Bienko det.» (ZISP).

Our material was compared with the photographs of syntypes, which have the
labels: 1 g, 1 ¢, «Austria, Vienna, det. H. Krauss»; 1 g, 2 ¢ «Yugoslavia, Moravica
(Serbia), 13.05.1893, coll. Brunner v. W., det. Krauss» (SMNS).

Morphology and variability

The coloration of body of T. tuerki is rather uniform: grey or brown, with two dark
and feebly marked spots on dorsal surface of prothorax or without it. Fore and mid
femora widened, 1.1—1.2 times wider than maximum width of the visible part of
tegmen. The anterior part of prothorax is roof-like, without lateral carinae. The further
part of prothorax is flat and has well-marked lateral carinae, wide shoulders and low,
but distinctive median carina. Median carina of prothorax is raised dorsally higher than
the two lateral carinae. The larvae of T. tuerki have a roof-like prothorax, which is sim-
ilar to that in the larvae of T. fenuicornis.

Adults and larvae of T. tuerki differ from others Carpathian pygmy locusts by the
presence of a transverse depression on a frontal ridge and by a nearly equal width of
the fore and mid femora with sinuous ventral keel.

T. tuerki is represented in the Ukrainian Carpathian Mountains by three different
morphological forms: brachypterous, mesopterous and macropterous (26%, 66% and
8% in all samples accordingly) (fig. 1).

The original morphometric data were obtained by measuring of specimens of
T. tuerki collected only on the territory of Ukraine.

The morphometric data of 7. fuerki:

Brachypterous form (n = 16) o: BL, = 8.2—8.6; BL, = 7.2—8.1; FI = 5/1.5—
5.3/1.9; PL = 7.6—7.7, PH = 2.25; P1 = 3.4 (3.37—3.42); TL = 1.6; WL = 5.6—6.3;
SI =2.75; ¢: BL, = 9.9—11.2; BL, = 9.7—11.4; FI = 5.8/2.1-6.5/2.3; PL = 8.4-9.7;
PH = 2.75; PI = 3.3 (3.05—3.52); TL = 1.8—2.1; WL = 6.5—7.2; SI = 2.7; VI = 2.85.

Mesopterous form (n = 29) o: BL, = 8.1-9.5; BL, = 6.5-8.2; FI = 4.2/1.6—
5.3/2.1; PL = 8-8.5; PH = 2.2; PI = 3.77 (3.68—3.86); TL = 1.5—1.6; WL = 6.3—6.7,
SI = 2.75; o: BL, = 9.2—12.2; BL, = 7.8—11.5; FI = 5.3/1.9—-6.3/2.3; PL = 8.6—10;
PH = 2.7; PI1 = 344 (3.19—-3.7); TL = 1.8—2; WL = 7.5—8.2; SI = 2.65; VI = 2.8.

Macropterous form (n = 5) o: BL, = 10.6—11.3; BL, = 8.2—-9.2; FI = 4.2/1.9—
4.7/2; PL = 10.2—10.7; PH = 2.2; PI = 4.75 (4.63—4.86); TL = 1.7; WL = 9.2;
SI =2.75; ¢: BL, = 12.8—13.1; BL,= 10.7—11.2; FI = 6/2.1-6.2/2.2; PL = 11.5—12.5;
PH =2.8; Pl = 4.28 (4.1-4.46); TL = 1.8—2.1; WL = 10—11.5; SI = 2.85; VI = 2.94.

Morphological forms can be clearly separated by the length of wing. Additionally,
three morphological forms of males of T. tuerki and two forms of females (mesopter-
ous and macropterous forms) can be distinctly separated by the PI, while PI of
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brachypterous and mesopterous females is partially overlapped. This overlapping is con-
nected with a significant variability of size of protuberance of prothorax and length of
femora of mesopterous form.

Our research revealed that the length of the body of imago of 7. tfuerki is maximal
in the middle flow of rivers and decreased in the upper and lower flow of the mountain
rivers (fig. 3). It was also recorded that the size of body of 7. fuerki is decreasing from
the north-east to south-west of the Ukrainian Carpathian mountains. The specimens of
a smallest size were collected near the Tisa River in the vicinity of the city Khust.

Distribution area and habitat of 7. ruerki in Ukraine

T. tuerki was recorded to inhabit mainly sandy or sandy-pebble alluvion places on
the floods of mountain rivers at the heights about 500—2000 m a. s. 1. (Jakobson,
Bianchi, 1905; Harz, 1960, 1975).

The samples of 7. tuerki were collected in different localities of the Carpathian
Mountains in different natural habitats: along the Dniester, Opir, Stryi, Svicha,
Bystrytsya, Berezhnicya, Prut, Chorny Cheremosh, Lyutyanka, Latoritsya, Tisa and
Khustets Rivers. Various biotopes (meadows, sandy and stony banks, forest edges along
river valleys from the headwaters to the low flows of mountain rivers, etc.) were exam-
ined, density of populations of T. tuerki was estimated for all habitats, and a compar-
ative analysis of biotopes regarding their suitability for the presence of 7. fuerki was car-
ried out (fig. 2). As a result, 7. fuerki was found only on sandy-pebble alluvion on
mountain river banks.

T. tuerki is not found in valleys of mountain rivers, where banks consist of big
stones, and along small rivers and streams shaded by trees (for example, near the Opir
River in the locality N 6; near the Berezhnitsya River in the locality N 9 and near the
Khustets River in the point N 25), but it inhabits the environs of low flows of rivers
with sandy-pebble alluvion banks and prefers the places not shaded by coastal trees.

The population density of 7. fuerki were studied in some selected areas on upper
flows of larger mountain rivers mainly with the pebble banks and less often with the
sandy-pebble alluvion. The average number of collected specimens of 7. tfuerki for all
these habitats was 3.8 specimens per hour of collecting with the range between 3 to 10

11,5 7

body length (mm).

1 2 3 4 5 7 8 1 12 13 17 18 19 23 24
localities

Fig. 3. Geographical regularity of variability of the body length of T. tuerki (on the example of ¢ mesopterous
form). Vertical axis shows body length mean (BL,), horizontal axis (1—24) — collecting localities (see also
fig. 2).

Puc. 3. T'eorpacduueckasi 3aKOHOMEPHOCTb MU3MEHEHUsI pa3MepoB Tena y 7. fuerki (Ha TIipuMepe Q CpeiHe-
kpbutoit opmbl). BeprukanbHast ocb — cepenHsis uiMHHa Tena (BL,); ropusonTanbHas och (1—24) —
TOYKM cOOpa MaTepuaja (TakKe CM. KapTy Ha puc. 2)
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specimens (3 spec./hour near the Dniester River in the locality N 1; 2 spec./hour near
the Stryi River in the locality N 2; 10 spec./hour at the Chorny Cheremosh River in
the locality N 12; 3 spec./hour — at the Uzh River in the locality N 17; 2 spec./hour
at the the Latoritsya River in the locality N 23, and 3 spec./hour at the Lyutyanka River
in the locality N 19).

On the borders of Carpathian Mountains and their foothills (in Prikarpattya and
Zakarpattya), where sandy-pebble alluvions along the river coasts are increased, the
average number of specimens of 7. tuerki grows up to 6.4 spec./hour (6 and
4 spec./hour near the Stryi River in the localities N 3 and N 4 correspondingly; 10 spec./hour
near the Svicha River in the locality N 11; 5 spec./hour near the Uzh River in the locality N 18;
7 spec./hour near the Tisa River in the locality N 24).

In the lower flows of mountain rivers where sandy-pebble alluvion sediments much
less developed, the average number of 7. tuerki decreased to 2.3 spec./hour (2 spec./hour
near the Stryi River in the locality N 5; 2 spec./hour near the Svicha River in the local-
ity N 7; 1 spec./hour near the Svicha River in the locality Ne 8; 3 spec./hour near the
Bystrytsya River in the locality N 13). At last, 7. tuerki completely absents in the places
where sandy-pebble alluvions disappeared or the mountain river became flatten (the
Dniester River in the place of fusion with the Stryi and Svicha Rivers near the locali-
ty N 5 and the locality N 8; the Prut River in the locality N 26; the Uzh River in the
locality N 20 and the Latoritsya River in the locality N 21 and N 22) (fig. 2).

As a result, it is shown that preferable habitats of 7. fuerki are river banks with well
developed sandy-pebble alluvion sediments on the middle flows of mountain rivers,
especially on the foothills outside the mountain system (fig. 4). Density of T. tuerki
decreases in the upper flows of mountain rivers, where sandy-pebble alluvion becomes
less developed, but also in the direction to the lower flows of mountain rivers, where
river banks gradually become flatten. Moreover, they completely disappear in the places
of the upper flows of mountain rivers, where alluvions consist only of big stones and
near the fusion of the mountain rivers with plain rivers; additionally, 7. tuerki is absent
along the banks of small mountain rivers, which riverbeds are shaded by high trees.

Our current study revealed that all morphological forms of T. tuerki are well repre-
sented in the middle flows of mountain rivers with the greatest quantity of sandy-pebble
alluvions. Only two morphological forms of 7. fuerki (mesopterous and brachypterous)
are present in the upper flows of mountain rivers with alluvions exclusively consisting of
the pebble, and in the lower flows of mountain rivers with gradually flatten river banks.

It was indicated that macropterous individuals of 7. fuerki dominates at the mid-
dle flows of mountain rivers. For example, in July 2006—2008 on the flood-lands of
Stryi River near the city of Stryi about 67% of total number of specimens belong to this
form, and about 34% of the specimens collected during all periods of our study (fig. 2,
the locality N 3; fig. 5, the locality N 3a-3c).

Mesopterous individuals dominates in the upper and lower flows of mountain
rivers. For example, in the flood-lands of Chorny Cheremosh River near the village
Kryvorivnya (about 80% of the total number of specimens collected during April-July,
2007—2008) (fig. 2, the locality N 12; fig. 5, the locality N 12).

We suggest that it could be connected with the absence of flight’s necessity for
T. tuerki in the places with less open riverbeds (with the rare alluvions and shadowed
river banks). It is also assumed that the optimal places for T. tuerki are presented near
the middle flows of mountain rivers and near the foothills along the border of moun-
tain system.

Current study of microbiotopes shows that the preferable habitats of the mesopter-
ous and brachypterous individuals of T. fuerki are places between the first floodplain
river terrace covered by grass vegetation, sandy and sandy-pebble alluvions in the
riverbed. In these habitats 7. fuerki prefers various wet depressions of alluvion in the
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Fig. 4. Sandy-pebble alluvions of mountain rivers, the preferable biotope of 7. fuerki — (Stryi River near
Zhydachiv, Lviv Region).

Puc. 4. TlecyaHo-TaJICYHUKOBBIC PEYHBIC HAHOCHI — ONTUMaibHble cTaumu i T. tuerki (p. CTpblil Bosjie
r. ZKunayesa JIbBoBCKOi1 00II. ).
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Fig. 5. Ratios of the morphological forms of 7. fuerki in different localities. Vertical axis (1—100) shows
percentage of morphological forms in one sample, horizontal axis (1—24) — localities (see also fig. 2).

Puc. 5. CoorHomenune wmopdomornueckux ¢opm 7. tuerki B pasHBIX TOYKax cOopa Marepuana.
BeptukanbHas ock (1—100) — mpoieHT dopmbl B mpobe, ropm3oHTadbHasg ochk (1—24) — Touku cbopa
Marepuayia (Takxke CM. KapTy Ha puc. 2).
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riverbed that are hidden from a wind and covered by little green grass and mosses veg-
etation (up to 10% covered) (fig. 6, 1). Macropterous individuals of T. tuerki prefers
sandy-pebble alluvions in the middle of the river far from its banks, where it inhabits
some rare and small patches of grass vegetation formed around young willow trees
grown on alluvions (fig. 6, 2, 3).

We assume that the macropterous form of 7. fuerki presence can be considered as
an effective adaptation of the species for active migrations mainly across the rivers
rather than along a riverbed, and an effective opportunity to avoid unfavorable living
conditions during summer and autumn floods. On the other hand some adult insects
can survive in the flood and be carried out by water to big distances.

Based on the obtained data, we establish the eastern borders of the area of nomi-
native subspecies of T. tuerki in the Carpathian Region of Ukraine. It lies in the
Prikarpattya region along the Dniester River from its upper reaches to Novyi Kalyniv
in the vicinity of the town of Sambir. This species also distributed along the valleys of
the Stryi, Svicha, Limnytsa and Bystrytsya Rivers up to the places before the fusion with
the Dniester River, while in this region they are absent in the Dniester valley. T. fuer-
ki is also located at the upper streams of the Prut River up to the vicinity of Chernivtsi.

In Zakarpattya region the borders of distribution of 7. tuerki passes across the Uzh
River between Perechyn and Nevicke, across the Latoritsya River between Svalyava and
Chinadiyevo, across the Borzhava River near Irshava and then — across the Tisa River
near Vilok. Current study show that the borders of distribution of 7. fuerki in Ukraine
mainly coincide with the boundaries of Carpathian Region. It is absent on the territo-
ry of Vododilno-Verkhovynski region of the Carpathian Mountains (along the strip of
20—50 km, which passes approximately on the border of Zakarpattya, Lviv and Ivano-
Frankivsk Regions). In our opinion, it is connected with the absence of preferable
biotopes of T. tuerki on that territory (fig. 2).

Fig. 6. Directions of seasonal changes of preferable biotopes in 7. tuerki population in a flood-lands of Stryi
River. / — hibernating place, April (the locality N 3a); 1, 2 — June (the locality N 3b); 1, 2, 3 — July (the
locality N 3c).

Puc. 6. Ce3onHas cmena crauuii y 7. tuerki B moiime p. CTpblit. / — MeCTO 3UMOBKH, arpelib (Touka N 3a);
1, 2 — wionb (Touka Ne 3b); I, 2, 3 — mroib (Touka Ne 3c).
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Life cycle of 7. tuerki and food preferences

Our observations showed that 7. tuerki hibernates on the phases of imago and lar-
vae of last and middle instars. After winter, in April 2006—2008, the larvae reached up
to 20—30% of total number of specimens in populations 7. fuerki appeared after hiber-
nation in the first or second decades of April, after spring floods in this region. T. fuer-
ki hibernates mostly on the places with fruitful soil, often between roots of costal trees
of the first floodplain terrace, outside and quite far from the river’s alluvions (fig. 6, ).

We observed changes of natural habitats of 7. tuerki during warm season. In the
spring the mesopterous and brachypterous individuals were observed mainly on the first
floodplain terrace of rivers or the border of floodplain terrace and sandy or sandy-pebble
alluvion along the riverbeds (fig. 6, 7). During the summer, mesopterous and brachypter-
ous individuals of 7. tuerki lived on the sandy or sandy-pebble alluvions, but macropter-
ous individuals of 7. tuerki is associated with small isolated islands of alluvions along the
rivers (fig. 6, 2, 3). The appearance of macropterous form on small river islands in the
summer period shows the ability of 7. fuerki to more active migrations.

Some data about life cycle and features of biology of 7. tuerki were provided by
Harz (1969). He described the eggs and the first instar larvae, indicated the time of
oviposition, period of the emergence of the first instar larvae, and gave some brief data
on feeding behavior of this species.

Our observations show that mating and oviposition of 7. fuerki in the Ukrainian
Carpathians occur in May. The larvae of the early instars of brachy- and mesopterous
forms appear in the end of May — beginning of June, and their emergence completes
in the middle of June, while larvae of macropterous form emerge a month later. In the
beginning of July the number of larvae of 7. tuerki of the middle (IIT—IV) instars con-
sist up to 40—50% of the total number of specimens and then, at the end of July, the
larvae of last (V) instar appear (fig. 7). Larvae of T. tuerki prefer to inhabit various wet
depressions of coastal alluvions like adults of mesopterous and brachypterous forms.

Over 70% of larvae become adults the same year they emerged, but about 30% of
them hibernate as middle and last instar larvae. The beginning of hibernation has not
been recorded yet; however, it is supposed that it could start in the end of September
or in the beginning of October, as in 7. fenuicornis (our original unpublished data).

The ratio of number of specimens of different morphological forms of T. tuerki
during the spring and summer seasons has been changing. Brachypterous and mesopter-
ous individuals were collected during the whole warm season. The maximum number
of mesopterous specimens was recorded in April (after hibernation) and brachypterous
one — in May, while in spring macropterous one was not recorded. Adults of
macropterous individuals developed from the hibernating larvae and appeared in June.

For example, in the valley of Stryi River, mesopterus and brachypterous forms of
T. tuerki consist up to 100% of all specimens in populations in April (fig. 2, the local-
ity N 3), but 67% of collected specimens belonged to the macropterous one in July
(fig. 5, the localities N 3a-3c).

Based on our observation, the most important we suggest is that all (or most) hiber-
nated larvae of T. tuerki transformed to the macropterous adults, but larvae, emerged the
same year, transformed to the mesopterous and brachypterous adults (fig. 7).

It was noted that macropterous individuals of T. tuerki is important for the migra-
tion of this species and largely suffering and demolishing from unfavorable conditions
during migrations. Since macropterous form was not found in spring, we suppose that
these adults did not hibernate. That is why we assume that despite the most macropter-
ous individuals could hibernate, the majority of them is perishing before winter.

We observed feeding behavior of 7. fuerki under the laboratory conditions. Adult
individuals of T. tuerki of all forms were kept in rearing cages with the substratum of
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Fig. 7. Life cycle of different morphological forms of 7. tuerki.

Puc. 7. KuzHeHHBII LMK pa3HbIX Mopdonornyeckux dopm 7. tuerki.

mixed river sand and ooze, various mosses and dry and fresh plants, which were col-
lected near natural habitats of 7. tuerki. These observations revealed that the most
preferable food of T. tuerki was the moss of the genus Brium Hedw. (Musci, Bryidae)
and detritus of river ooze.

Vibratory communication

Several vibratory signals of T. tuerki are investigated at the laboratory for the first
time. The signals of 6 males and 4 females collected near the flood-lands of the Stryi
and Chorny Cheremosh Rivers were recorded using the equipment (see “Material and
methods” chapter).

During our study the signals of the III type were recorded (the terminology after
Benediktov, 2002). Based on our observations, it was assumed that the signals of the
III type of T. tuerki probably are rivalry but not courtship signals. It was indicated that
under laboratory conditions these signals were emitted only by the male during the pres-
ence of another male (fig. 8), or by the female in the presence of another female. We
could not record any vibratory signals for other combinations of specimens of 7. fuer-
ki (i. e., single specimen of male or female, or female with male). The communication
between males and females during the courtship has not been noticed in our current
research yet. While producing vibratory signals the males and females of 7. tuerki were
making very frequent vibrations of their body.

Our observations showed that both females and males of 7. fuerki do not produce
any signals, while they are not disturbed, but in the cases of mutual disturbance they
emitted vibration signals, for example, when observed individuals actively moved inside
the laboratory cage and occasionally disturbed each other by a short-time crawling on
another specimen. In such cases only disturbed individual produced certain vibratory
signals, trying to avoid contacts with another individual.

Probably, these signals are rivalry, and as another individual accepts them it stops
any contacts with the body of the other individual. It was also noticed that the dura-
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Fig. 8. Oscillograms of vibratory signals of 7. fuerki (horizontal axis indicates the time, in seconds). /—4 —
variability of a signal sequences; 5 — oscillogram of the intermediate between the I and III types of signal
sequence (/C); 6 — oscillogram the pair of typical sequences of the III type of signal (4).

Puc. 8. BuOpauuonHsle curHaibl 7. fuerki (IO TOPU3OHTAJIBLHON OCM — BpeMsl, B CeKyHIax). [—4—
M3MEHUMBOCTb CUTHAJIOB; 5 — OCUMIIorpamMa curHaia, rnpomexyrodHoro mexay I u 111 tunom (IC); 6 —
oclLwIIorpaMma AByX TUNMUYHbIX cepuil curHana IIl tuna (4).

tion of recorded vibratory signals depends on the time of direct body contacts between
two specimens of 7. fuerki.

It was previously considered that vibratory signals of pygmy locusts are accepted
only through a substratum (Benediktov, 1998, 2002, 2005), but according to our obser-
vations, vibratory signals between two specimens were mainly mutually accepted by them
during their direct body contacts rather than due to their contacts with the substratum.

The analysis of obtained data showed that the sequences of vibratory signals con-
sists either of a series of single echemes (fig. 8, 2, 3, 5) or repeated echemes during re-
gular time intervals (fig. 8, 1, 4, 6). It is preliminary assumed that some signals (see
fig. 8, 1, 2, 3) are intermediate between the I and III type signals. These signals were
observed to consist of two parts: 1) echemes with alternated high- and low-amplitude
of pulses, gradually continuing into 2) echemes without any clear internal structure
(fig. 8, IC, 5).

A. A. Benediktov (2001) indicated that the vibratory signals of some orthopterous
insects can be transmitted only during direct contacts of fore and middle legs with a
substratum. However, our observations revealed that the vibratory signals of 7. tuerki
were transmitted to the substratum both during direct contacts of fore and middle legs
of individuals, and during direct contacts of the lower surface of thorax with the sub-
stratum. Thus, the intensity of vibratory signals of 7. fuerki depends from the body posi-
tion of individuals on the substratum. In cases of direct contacts of the lower surface
of thorax of males with the substratum, the intensity of these signals was greatly
increased, but the behavior of females was different: they virtually never touched the
substratum with the thorax during transmission of any vibratory signals. As a result, the
intensity of signals, transmitted to the substratum by the females, was much less inten-
sive. These signals were very weak, but still noted and recorded. However, available
equipment could not transform these recorded very weak female signals into recogni-
zable oscillograms with any clear internal structure.

We are sincerely grateful to A. A. Benediktov (Moscow) for his help in elaborating of methods of
investigation of vibration signals of Tetrigidae; to A. G. Radchenko, V. A. Korneyev and V. N. Fursov (Kyiv)
for the important recommendations during the preparing this paper.
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