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ABSTRACT. Comparative study of calling signals
in the communities of grasshoppers of the subfamily
Gomphocerinae (Orthoptera: Acrididae) in European
Russia, South Siberia and the Russian Far East was
conducted. Different kinds of variability of signals were
investigated. General structure of signals (single echeme
or echeme-sequence), temporal pattern of syllables and
their repetition period were demonstrated to be most
constant characters and, consequently, most reliable
when used in systematics. Combination of these characters provides for each species its own place in the
acoustic environment of the community, so-called acoustic niche, which is a part of the ecological niche as a
whole. Species producing similar signals, i.e. occupying the same acoustic niche are always either allopatric
or inhabit different biotopes and thus avoid competition
for acoustic communication channels.
ÐÅÇÞÌÅ. Ïðîâåäåíî ñðàâíèòåëüíîå èññëåäîâàíèå ïðèçûâíûõ ñèãíàëîâ â ñîîáùåñòâàõ ñàðàí÷îâûõ ïîäñåìåéñòâà Gomphocerinae (Orthoptera: Acrididae) â åâðîïåéñêîé ÷àñòè Ðîññèè, â Þæíîé Ñèáèðè è íà Äàëüíåì Âîñòîêå. Èññëåäîâàíû ðàçëè÷íûå
òèïû èçìåí÷èâîñòè ñèãíàëîâ. Ïîêàçàíî, ÷òî íàèáîëåå ñòàáèëüíûìè è, ñëåäîâàòåëüíî, íàä¸æíûìè ïðè
èñïîëüçîâàíèè â ñèñòåìàòèêå ïðèçíàêàìè ÿâëÿþòñÿ
îáùàÿ ñõåìà ñòðóêòóðû ñèãíàëà (îäèíî÷íûå èëè
ïåðèîäè÷åñêè ïîâòîðÿþùèåñÿ ôðàçû), âðåìåííóé
ðèñóíîê ñåðèé è ïåðèîä èõ ïîâòîðåíèÿ. Ñî÷åòàíèå
ýòèõ ïðèçíàêîâ îáåñïå÷èâàåò êàæäîìó âèäó îïðåäåë¸ííîå ìåñòî â àêóñòè÷åñêîì ôîíå ñîîáùåñòâà,
òàê íàçûâàåìóþ àêóñòè÷åñêóþ íèøó, ïðåäñòàâëÿþùóþ ñîáîé îäíó èç ñîñòàâíûõ ÷àñòåé ýêîëîãè÷åñ-

êîé íèøè â öåëîì. Âèäû, èçäàþùèå ñõîäíûå ñèãíàëû, ò.å. çàíèìàþùèå îäíó àêóñòè÷åñêóþ íèøó, âñåãäà îêàçûâàþòñÿ àëëîïàòðè÷åñêèìè èëè íàñåëÿþò
ðàçíûå áèîòîïû è, òàêèì îáðàçîì, èçáåãàþò êîíêóðåíöèè çà êàíàëû àêóñòè÷åñêîé ñâÿçè.

Introduction
Successful intraspecific communication in multispecies communities is impossible without partitioning
of communication channels. Presently, it is known that
competition for acoustic transmission channels between
sympatric species  actually exists in almost every more
or less diverse taxonomic group of insects such as
crickets, katydids (Orthoptera: Gryllidae and Tettigoniidae) and singing cicadas (Homoptera: Cicadidae).
Moreover, every higher taxon as a whole has its distinct
acoustic appearance thus occupying his own place in the
acoustic environment of the biotope [Riede, 1996].
Until recently the most part of studies of acoustic
communication in insect communities was performed
on singing cicadas. It was found that in addition to
differences in physical characteristics of the songs, i.e.
their frequency spectra and/or temporal patterns these
insects as a rule also demonstrate temporal and spatial
segregation. First, different species prefer different calling sites, e.g. thin twigs or tree trunks and sing on
different heights above the ground level [Claridge et al.,
1979; Sueur, 2002]. Second, although most of species
sing at various times during the day, peaks of their
acoustic activity overlap only partially if ever [Sueur,
2002]. Third, in certain cases seasonal differences also
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contribute segregation of sympatric species [Wolda,
1993; Sueur & Puissant, 2002]. Similar results were obtained for many species of vertebrates (birds, frogs)
[e.g. Ficken et al., 1974; Hodl, 1977], but here we shall
not go into details of these works.
In sympatric species of Gomphocerinae grasshoppers (Orthoptera: Acrididae) situation is somewhat different. Representatives of this group are most diverse in
open landscapes of Palaearctic, i.e. steppes, semideserts
or meadows in river valleys. Spatial structure of such
biotopes is rather simple due to the absence of trees, and
the potentialities of segregation of different species in
the uniform area of grassland are rather low. Moreover,
since the warm season on the most part of the territory of
Palaearctic, especially, in the inner regions with continental climate is rather short, almost all species of
Gomphocerinae have the same seasonality. Usually they
emerge in the middle of June and sing until the end of
August. The only example of seasonal segregation of
two species of Gomphocerinae was described by Savitsky [2000]. For these reasons acoustic transmission
channels in grasshopper communities sometimes are so
densely packed that the signals of certain species
differ from each other only in one physical parameter
being almost identical in other characteristics.
In the first work on acoustic communication in
grasshopper communities the authors proposed that
partitioning of communication channels in sympatric
Gomphocerinae is accomplished mainly via the differences in the repetition period of uniform elements of
signals i.e. syllables [Bukhvalova & Zhantiev, 1994].
Later it was shown that real situation is somewhat more
complicated and segregation of acoustic niches in
these insects is accomplished due to differences in
several parameters of the song [Bukhvalova, 2006].
This has been demonstrated by the examples of grasshopper community in Southern Tyva (South Siberia)
and of certain species from the Lower Volga Region.

The aim of the present paper is to provide more
detailed descriptions of further examples of acoustic
segregation within grasshopper communities in several
regions of Russia with regard to the variability of signal
temporal parameters.

Materials and methods
Recordings of the songs were made under natural
conditions from caged or freely-moving insects with
microphone MD-382 (upper frequency limit 12.5 kHz)
and cassette recorder Elektronika-302-1 (upper frequency limit 10 kHz) or minidisk recorder Sony Walkman
MZ-NH900 (sampling frequency 44.1 kHz). In all cases
manual mode of recording level control was used. Air
temperature was measured during or immediately after
recording on the place where the singing insect was
sitting.
For estimation of probability of identity of syllables
repetition period (SRP) in different songs Wilcoxon test
was used. The specimens whose signals were recorded
are deposited in the collection of the Zoological Museum of Moscow State University. Song terminology used
in the present paper is accepted after the works by
Ragge (e.g. Ragge, 1987); it is also used in our articles
[Bukhvalova & Vedenina, 1998; Vedenina & Bukhvalova, 2001; Bukhvalova, 2006; Tishechkin, 2009;
Tishechkin & Bukhvalova, 2009].
Data for recordings of calling signals presented on
oscillograms (Figs 180) are given in the Table. Species
both on Figs 168 and in the Table are arranged in the
same order according to the temporal pattern of the
songs and without considering their taxonomic relations. It should be pointed out, that for illustrations for
each species most representative recordings of good
quality were selected. For this reason the signals presented on oscillograms were not always recorded in the
same locality and at the same temperature as ones used

Table. Data for recordings of calling signals of Gomphocerinae presented on oscillograms.
Òàáëèöà. Äàííûå î çàïèñÿõ ïðèçûâíûõ ñèãíàëîâ Gomphocerinae, ïðåäñòàâëåííûõ íà îñöèëëîãðàììàõ.
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for obtaining data for histograms showing the distribution of SRP (Figs 86100). Since the geographical
variability of signal pattern within a subspecies or even
a species in Gomphocerinae was not revealed [Vedenina & Bukhvalova, 2001; Tishechkin & Bukhvalova,
2009], this approach seems to be quite correct.

Results and discussion
1. Classification of grasshopper songs
according to their temporal pattern
Signals of Gomphocerinae have wide-band noise
frequency spectra widely overlapping in different species. Presently, there is no evidence of using frequency
characteristics for recognition of conspecific signals in
these insects [Meyer & Elsner, 1997]. For this reason in
the following, only temporal pattern of signals will be
considered.
Signals of grasshoppers consist of syllables, which
are short uniform fragments of sound produced by one
up-and-down stroke of hind leg. Syllables follow each
other with more or less constant period and form an
echeme. In certain species the song consists of single
echemes separated by irregular intervals; in other ones
echemes follow each other with more or less constant
period and form an echeme-sequence.
On the first level of classification all signals studied
can be subdivided into two main groups: single echemes
and echeme-sequences. Single echemes last from 1.52
s up to about 1 minute in different species (Figs 133).
Usually the male produces echemes with irregular intervals far exceeding the song in duration. In certain species the song normally includes two or three echemes
separated by rather short pauses (Figs 5, 15, 27); the
first echeme in this case as a rule is somewhat longer
than the succeeding ones. Echeme-sequences in the
most part of species normally last no less than 12
minutes and include 1020 echemes and more (Figs 34
68). Not infrequently male can sing for about 1015
minutes if not disturbed. True enough, in species producing single echemes individuals with unusually high
acoustic activity sometimes sing with more or less regular intervals. On the other hand, forms producing
echeme-sequences sometimes stop singing after emitting several echemes, especially when disturbed by
wind or the presence of a man, etc. However, when
observing a great number of singing individuals in
nature one cannot but infer that these two types of songs
actually exist.
The structure of syllables in Gomphocerinae is highly
diverse and elaborated; nonetheless the most part of

signals can be attributed to one of two main types according to this character. It should be noted that each
type includes both single echemes and echeme-sequences.
The first type includes songs with syllables consisting of short discrete fragments separated by gaps (Figs
118 and 3445). As a rule syllable begins quietly
reaching maximum intensity near the middle or towards
the end. Sometimes in the initial low-amplitude part of
syllable prolonged fragment without gaps can be seen
on oscillograms (Figs 8, 10, 16, 18, 35, 37).
The second type includes signals consisting of syllables without distinct gaps (Figs 2933 and 5065). As in
the signals of the previous type, syllables usually begin
quietly, reaching maximum intensity towards the end.
As a result four main groups are obtained. These are
single echemes consisting of syllables with gaps (Figs
118), single echemes consisting of syllables without
distinct gaps (Figs 2933) and two groups of echemesequences consisting of syllables with gaps (Figs 34
45) and without gaps (Figs 5065) respectively.
Signals with the structure of intermediate type are
very rare. Occasionally the pattern of syllables changes
gradually towards the end of signal: the gaps become
less distinct and almost entirely disappear in the last
syllables. Among species from the territory of Russia it
is only known in Chorthippus macrocerus (FischerWaldheim, 1846) and in Ch. hammarstroemi (Miram,
1907) [Vedenina & Bukhvalova, 2001; Tishechkin &
Bukhvalova, 2009]. However, the main part of such
signals is composed of typical syllables with gaps (Figs
8, 10), so we attribute these songs to the first group
(single echemes consisting of syllables with gaps). The
situation with Podismopsis genicularibus (Shiraki, 1910)
is more difficult. In different individuals the gaps in
syllables are more or less distinct or even entirely absent
(Figs 4649), see also Tishechkin [2009]. For this reason on the scheme of distribution of SRP in different
species we present two histograms for P. genicularibus,
one for syllables with gaps, another for syllables without gaps. Similarly, in the song of Ch. dichrous (Eversmann, 1859) the gaps both within and between syllables usually are partially absent (Fig. 68). Only rarely in
certain individuals the structure of the echeme becomes
more distinct (Fig. 67). Thus, the song of this species is
attributed to echeme-sequences consisting of syllables
without gaps.
Also there are several species, which cannot be
included into any of these groups.
First, these are Glyptobothrus mollis (Charpentier,
1825) and Chorthippus apricarius (Linnaeus, 1758). In
both species the song is a single echeme consisting of

Figs 118. Oscillograms of calling signals of grasshoppers of the subfamily Gomphocerinae. 12  Omocestus petraeus, 34 
Chorthippus vagans, 56  Stenobothrus miramae, 78  Ch. macrocerus, 910  Ch. hammarstroemi, 1114  Aeropus sibiricus, 15
16  Glybtobothrus maritimus, 1718  O. minutus. Faster oscillograms of the parts of signals indicated as 2, 4, 6, 8, 10, 12
14, 16 and 18 are given under the same numbers.
Ðèñ. 118. Îñöèëëîãðàììû ïðèçûâíûõ ñèãíàëîâ ñàðàí÷îâûõ ïîäñåìåéñòâà Gomphocerinae. 12  Omocestus petraeus, 34 
Chorthippus vagans, 56  Stenobothrus miramae, 78  Ch. macrocerus, 910  Ch. hammarstroemi, 1114  Aeropus sibiricus, 15
16  Glybtobothrus maritimus, 1718  O. minutus. Ôðàãìåíòû ñèãíàëîâ, ïîìå÷åííûå öèôðàìè 2, 4, 6, 8, 10, 1214, 16
è 18, ïðåäñòàâëåíû ïðè áîëüøåé ñêîðîñòè ðàçâ¸ðòêè íà îñöèëëîãðàììàõ ïîä òàêèìè æå íîìåðàìè.
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Figs 1933. Oscillograms of calling signals of grasshoppers of the subfamily Gomphocerinae. 1920  Glyptobothrus mollis, 2122 
Chorthippus apricarius, 2324  Stauroderus scalaris, 2526  Dasyhippus barbipes, 2728  G. biguttulus, 2931  Omocestus
viridulus, 3233  O. haemorrhoidalis. Faster oscillograms of the parts of signals indicated as 20, 22, 24, 26, 28, 3031 and
33 are given under the same numbers.
Ðèñ. 1933. Îñöèëëîãðàììû ïðèçûâíûõ ñèãíàëîâ ñàðàí÷îâûõ ïîäñåìåéñòâà Gomphocerinae. 1920  Glyptobothrus mollis, 21
22  Chorthippus apricarius, 2324  Stauroderus scalaris, 2526  Dasyhippus barbipes, 2728  G. biguttulus, 2931  Omocestus
viridulus, 3233  O. haemorrhoidalis. Ôðàãìåíòû ñèãíàëîâ, ïîìå÷åííûå öèôðàìè 20, 22, 24, 26, 28, 3031 è 33,
ïðåäñòàâëåíû ïðè áîëüøåé ñêîðîñòè ðàçâ¸ðòêè íà îñöèëëîãðàììàõ ïîä òàêèìè æå íîìåðàìè.
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Figs 3451. Oscillograms of calling signals of grasshoppers of the subfamily Gomphocerinae. 3435  Chorthippus parallelus,
3637  Mongolotettix japonicus japonicus, 3839  Eremippus costatus, 4041  Euchorthippus pulvinatus, 4243 
Dociostaurus brevicollis, 4445  Ch. dorsatus, 4649  Podismopsis genicularibus, 5051  P. poppiusi. Faster oscillograms
of the parts of signals indicated as 35, 37, 39, 41, 43, 45, 47, 49 and 51 are given under the same numbers.
Ðèñ. 3451. Îñöèëëîãðàììû ïðèçûâíûõ ñèãíàëîâ ñàðàí÷îâûõ ïîäñåìåéñòâà Gomphocerinae. 3435  Chorthippus
parallelus, 3637  Mongolotettix japonicus japonicus, 3839  Eremippus costatus, 4041  Euchorthippus pulvinatus, 42
43  Dociostaurus brevicollis, 4445  Ch. dorsatus, 4649  Podismopsis genicularibus, 5051  P. poppiusi. Ôðàãìåíòû
ñèãíàëîâ, ïîìå÷åííûå öèôðàìè 35, 37, 39, 41, 43, 45, 47, 49 è 51, ïðåäñòàâëåíû ïðè áîëüøåé ñêîðîñòè
ðàçâ¸ðòêè íà îñöèëëîãðàììàõ ïîä òàêèìè æå íîìåðàìè.
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syllables separated by short abrupt clicks (Figs 1922).
Patterns of syllables in two species are different, but in
other characters their signals are similar.
Second, these are Stauroderus scalaris (FischerWaldheim, 1846) and Dasyhippus barbipes (FischerWaldheim, 1846) (Figs 2326). The main parts of signals in both species are successions of elaborate fragments with similar structure (Figs 24 and 26). Formally,
their songs should be attributed to echeme-sequences
when the pattern of leg movements is considered. However, oscillograms of these signals in general appearance are similar with single echemes (Figs 122 and 23
26), but differ distinctly from typical echeme-sequences
(Figs 3468). In addition, it should be taken into consideration that insects using acoustic communication perceive the sounds, but not the movements of the parts of
sound-producing apparatus.
Third, this is G. biguttulus (Linnaeus, 1758) (Figs
2728). According to Ragge and Reynolds [1998],
formally, the song of this species includes several
echeme-sequences each consisting of echemes formed
by three diplosyllables (= six hemisyllables). However,
it is evident from the oscillograms that the pattern of
sound (if not of leg movements) in this species is similar
with these in single echemes of other ones (e.g. Figs 27
28 and 1518). For this reason it can be attributed to
signals consisting of single or irregularly repeated
echemes.
In a small number of species of Gomphocerinae the
echeme consists of two different parts. Sometimes additional part is not a necessary component of signal (Figs
5861), but in other cases it is always present in the song
(Figs 1112, 4445). In these cases we provide different histograms for each part on the schemes of distribution of SRP.
2. Variability of signal temporal pattern
Similarly to all other characters, temporal pattern of
grasshopper songs demonstrate various kinds of variability.
Echemes as a rule consist of uniform or slightly
variable syllables. Only in a small number of species (4
of 30 included in the present paper) echemes include
successions of syllables of two different types. In Aeropus sibiricus (Linnaeus, 1767) (Figs 1114) and Chorthippus dorsatus (Zetterstedt, 1821) (Figs 4445) both
parts are necessary components of a song. On the contrary, in S. scalaris and Ch. intermedius (Bey-Bienko,
1926) one of the components can be reduced entirely or
partially. In the song of S. scalaris the initial part
consists of irregularly repeated variable echemes. It can
be well-developed (Fig. 69) or reduced to some extent
(Figs 7071); occasionally all the variants can be heard
in the same individual. Ch. intermedius can produce
echemes of two types consisting of one (Fig. 59) or two
(Fig. 61) parts respectively. Usually the shape of echemes
does not change within a song, but different songs of the
same male sometimes differ from each other in echeme
structure.
Temporal pattern of syllables for the most part is a

constant species-specific character. Usually, the variability of their shape is limited to differences in amplitude relations of the components of syllable and to
change of the number of gaps (Figs 7274 and 7576).
Signals of the same male for the most part are indistinguishable from each other in the shape of syllables, but
the songs of different individuals as a rule are somewhat
different in this character. This is true even for the males
from the same locality.
As mentioned above, gradual changes of syllable
shape towards the end of signal in Gomphocerinae is a
rare case. Only in Ch. macrocerus and Ch. hammarstroemi the last syllables in the echeme usually differ from
these in the main part of the song due to reduced number
or total absence of gaps (Figs 7778; two fragments
following immediately one after another are presented).
The variability of the structure of syllables resulting
from differences in leg movements pattern was found
only in G. biguttulus. Normally, the song of this species
is a succession of repeated short fragments, each produced by three up-and-down strokes of hind legs. Therefore, according to Ragge and Reynolds [1998], each
fragment consists of three diplosyllables. However, in
individuals from Moscow Area fragments consisting of
four diplosyllables occasionally present (Figs 7980, in
the end of the oscillograms). This indicates conclusively that occasionally male makes not three, but four
strokes by hind legs during singing.
In the last decade several articles concerning comparative analysis of the songs of widespread species
recorded in different localities in Russia and adjacent
countries were published [Bukhvalova, 1997; Vedenina
& Bukhvalova, 2001; Tishechkin, 2009; Tishechkin &
Bukhvalova, 2009]. Investigation of songs of more than
20 species demonstrated that within a subspecies or
monotypic species signal temporal pattern retains all its
parameters over many hundreds or even thousands of
kilometres of the range. Differences in temporal patterns of songs (usually in duration of echemes, more
rarely in syllable pattern) were observed only between
subspecies. The only exception is P. genicularibus.
Morphological subspecies in this species were not described, but signals of individuals from the western part
of the Russian Far East and from the Maritime Territory
differ from each other in the duration of echemes on the
same level as in good subspecies [Tishechkin, 2009].
Duration of single echemes as well as an echeme
repetition period in echeme-sequences can vary greatly.
Disturbance caused by various reasons (approaching
man, wind, presence of conspecific individuals, etc.) is
a main factor affecting these parameters. Moreover, in
most species of Gomphocerinae duration of echemes
have close values (Figs 8182). Species producing single echemes can be classified into two main groups. In
Ch. apricarius, S. scalaris and certain other forms
echeme duration usually averages 1020 s and more
(Fig. 81). In some other ones, like Omocestus haemorrhoidalis (Charpentier, 1825) and O. petraeus (Brisout,
1855), duration of songs does not exceed 57 s. Within
each group the values of echeme duration overlap al-
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Figs 5268. Oscillograms of calling signals of grasshoppers of the subfamily Gomphocerinae. 5253  Podismopsis ussuriensis micra,
5455  Chrysochraon dispar major, 5657  Euthystira brachyptera, 5861  Chorthippus intermedius, 6263  Stenobothrus
nigromaculatus, 6465  Ch. karelini, 6668  Ch. dichrous. Faster oscillograms of the parts of signals indicated as 53, 55, 57, 59,
61, 63, 65 and 67 are given under the same numbers.
Ðèñ. 5268. Îñöèëëîãðàììû ïðèçûâíûõ ñèãíàëîâ ñàðàí÷îâûõ ïîäñåìåéñòâà Gomphocerinae. 5253  Podismopsis ussuriensis
micra, 5455  Chrysochraon dispar major, 5657  Euthystira brachyptera, 5861  Chorthippus intermedius, 6263  Stenobothrus
nigromaculatus, 6465  Ch. karelini, 6668  Ch. dichrous. Ôðàãìåíòû ñèãíàëîâ, ïîìå÷åííûå öèôðàìè 53, 55, 57, 59, 61,
63, 65 è 67, ïðåäñòàâëåíû ïðè áîëüøåé ñêîðîñòè ðàçâ¸ðòêè íà îñöèëëîãðàììàõ ïîä òàêèìè æå íîìåðàìè.
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most completely; in addition, certain species occupy
intermediate position between two groups in this character (e.g. Ch. macrocerus, Fig 81, the first histogram

from the bottom). In species producing echeme-sequences echeme duration is more constant. However, even in
sympatric species it can overlap to a great extent (Fig.
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Figs 6980. Oscillograms of calling signals of grasshoppers of the subfamily Gomphocerinae. 6971  Stauroderus scalaris, 7274 
Chrysochraon dispar dispar, 7576  Chorthippus parallelus, 7778  Ch. macrocerus , two parts of the same signal following one immediately
after another, 7980  Glybtobothrus biguttulus. Faster oscillogram of the part of signal indicated as 80 is given under the same number.
Ðèñ. 6980. Îñöèëëîãðàììû ïðèçûâíûõ ñèãíàëîâ ñàðàí÷îâûõ ïîäñåìåéñòâà Gomphocerinae. 6971  Stauroderus scalaris, 72
74  Chrysochraon dispar dispar, 7576  Chorthippus parallelus, 7778  Ch. macrocerus , äâå ÷àñòè ñèãíàëà, ñëåäóþùèå
íåïîñðåäñòâåííî îäíà çà äðóãîé, 7980  Glybtobothrus biguttulus. Ôðàãìåíò ñèãíàëà, ïîìå÷åííûé öèôðîé 80, ïðåäñòàâëåí ïðè
áîëüøåé ñêîðîñòè ðàçâ¸ðòêè íà îñöèëëîãðàììå ïîä òàêèì æå íîìåðîì.
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82); the same is true for echeme repetition period.
SRP is more constant parameter of signal; nevertheless it also demonstrates different kinds of variability.
It is self-evident that SRP cannot be absolutely
constant even over the same signal. In a number of
species it only fluctuates about mean value, but in other
ones its changes exhibit some regular trends. Usually it
is observed in species producing prolonged single
echemes. In O. haemorrhoidalis, O. viridulus (Linnaeus, 1758), O. petraeus and Stenobothrus miramae Dirsh,
1931 SRP gradually increases towards the end of the
echeme (Fig. 83). In Ch. apricarius SRP gradually
decreases over the most part of the signal and abruptly
increases in the end (Fig. 84). Similar trend usually
demonstrate S. scalaris and O. minutus. In certain species SRP retains more or less constant values throughout the most part of signal, but abruptly increases or
decreases in the end. Abrupt increase of SRP sometimes
is observed in the song of G. mollis (Fig. 85); decrease
of SRP in the end of signal is characteristic for Ch.
macrocerus. Therefore, for obtaining comprehensive
data on the range of SRP the measurements should be
made with due respect of the change of this parameter
over the signal. Measurements in randomly selected or
most characteristic fragments can cause an error.
It is common knowledge that repetition period of
components of acoustic signals in insects decrease with
increasing temperature. Analysis of signals of the same
male recorded at different temperatures showed that
grasshoppers are no exception. Even an increase of
temperature of 23°C results in considerable changes
of this parameter (Figs 8687).
The values of SRP in different signals of the same
individual recorded at the fixed temperature occupy
approximately the same range (Fig. 88). On the other
hand, the ranges of SRP in signals of different males
singing at the same temperature usually overlap only
partially if ever (Figs 8889). Consequently, analysis of
a small number of songs of several males provides more
comprehensive data on SRP variability than analysis of
many songs of the same male.
Geographical variability of SRP in Gomphocerinae
was not revealed. The values of SRP occupy almost the
same range even in individuals from the populations
located at a distances of thousands kilometres from each
other (e.g. from European Russia, Lower Volga Region
and the Russian Far East, Figs 9091).
Thus one can draw the conclusion that the pattern of
syllables and SRP in the songs of Gomphocerinae are
the most reliable diagnostic characters. On the other
hand, the use of echeme duration and repetition period
for species recognition is hardly possible.
3. Segregation of communication channels
in grasshopper communities
Comparative investigations of calling signals of Gomphocerinae were performed in seven grasshopper communities in various regions of Russia. In each biotope
an area about 1020 m in diameter with more or less
uniform vegetation was selected. Within this area sig-
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nals of Gomphocerinae inhabiting the site and coming
into acoustic interactions with each other were recorded. As a rule, the investigator remaining on the same
place could hear the signals of all these species. Species
composition of vegetation and proportions of singing
individuals of different species were not studied. For
comparison of temporal parameters recordings made at
temperatures within the range of no more than 3°C were
used. In each region signals of no less than 34 males of
each species were analysed. The localities and biotopes,
where our studies were conducted are listed below.
1. Moscow Area, Voskresensk Region, environs of
Beloozerskiy Town, the meadow with mesophytic vegetation. Recordings of signals for comparative analysis
of temporal parameters were made at the temperature
2730°C.
2. Rostov Area, Oblivskiy District, env. Sosnovy
(= Oporny) village on Chir River, meadow with rather
diverse mesophytic vegetation on the edge of the field
near Chir River. For comparative analysis recordings
made at the temperature 2730°C were used.
3. Same locality, glades on the edges or within the
forest shelter-belts, consisting of oak and/or two species
of pines. Recordings of signals were made at the temperature 2730°C.
4. Same locality, steppe dominated by Stipa sp. and
Festuca sp. (Poaceae). The studied fragment of steppe
was situated on the slope on the bank of Chir River and
remained unploughed for this reason. Signal recordings
were made at the temperature 2730°C.
5. Volgograd, saline land on the outskirts of the city.
A number of partially dry salted pools with several
concentric belts of vegetation around each of them. Inner
belts were formed by halophylous Chenopodiaceae, then
followed Artemisia spp. from the subgenus Seriphidium
mixed with several species of Poaceae; on the outer edges
vegetation graded into xerophytic steppe biotopes. Since
in the belt of Chenopodiaceae grasshoppers were found
only occasionally, we investigated signals of Gomphocerinae in the zone dominated by Artemisia subg. Seriphidium. Recordings of signals for comparative analysis were made at the temperature 2730°C.
6. Irkutsk Area, Uda River near the mouth of Uk,
about 30 km north-west of Nizhneudinsk (approx. 450
km north-west of Irkutsk), polydominant wet glade on
the bank of Uk River. Recordings of signals were made
at the temperature 2831°C.
7. South-west of Khabarovsk Province, about 5 km
north of Obluchye Town, small bog dominated by sedges (Carex spp.). Recordings of signals were made at the
temperature 3235°C.
The results of signal comparison are presented on
the schemes arranged in the same manner for each
grasshopper community (Figs 9298). The values of
SRP in the signals of each species are presented as a
histogram. Histograms are classified into two main
groups according to signal structure: single echemes in
the lower part of a scheme and echeme-sequences in the
upper part; each group is indicated by schematic drawing of corresponding oscillogram. Within each group
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Fig. 81. Histograms of distribution of single echemes duration values in certain species of Gomphocerinae.
Ðèñ. 81. Ãèñòîãðàììû ðàñïðåäåëåíèÿ çíà÷åíèé äëèòåëüíîñòè îäèíî÷íûõ ôðàç ó íåêîòîðûõ âèäîâ Gomphocerinae.

Fig. 82. Histograms of distribution of echeme duration values in species of Gomphocerinae from the grasshopper community in
Khabarovsk Area. Signals of all species are echemesequences.
Ðèñ. 82. Ãèñòîãðàììû ðàñïðåäåëåíèÿ çíà÷åíèé äëèòåëüíîñòè ôðàç ó âèäîâ Gomphocerinae èç ñîîáùåñòâà ñàðàí÷îâûõ â
Õàáàðîâñêîì êðàå. Ñèãíàëû âñåõ âèäîâ ïðåäñòàâëÿþò ñîáîé ïåðèîäè÷åñêè ïîâòîðÿþùèåñÿ ôðàçû.
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Fig. 83. The change of syllable repetition period (SRP) from the beginning to the end of the echeme of Omocestus haemorrhoidalis. The
number of each syllable from the beginning of the echeme is laid off as abscissa, the SRP measured from the beginning of the syllable to the
beginning of the next one is laid off as ordinate.
Ðèñ. 83. Èçìåíåíèå ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) îò íà÷àëà ê êîíöó ôðàçû Omocestus haemorrhoidalis. Ïî ãîðèçîíòàëüíîé îñè
îòëîæåí ïîðÿäêîâûé íîìåð êàæäîé ñåðèè îò íà÷àëà ôðàçû, ïî âåðòèêàëüíîé  ÏÏÑ, èçìåðåííûé îò íà÷àëà ýòîé ñåðèè äî íà÷àëà ñëåäóþùåé.

Fig. 84. The change of syllable repetition period (SRP) from the beginning to the end of the echeme of Chorthippus apricarius. The
number of each syllable from the beginning of the echeme is laid off as abscissa, the SRP measured from the beginning of the syllable to the
beginning of the next one is laid off as ordinate.
Ðèñ. 84. Èçìåíåíèå ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) îò íà÷àëà ê êîíöó ôðàçû Chorthippus apricarius. Ïî ãîðèçîíòàëüíîé îñè îòëîæåí
ïîðÿäêîâûé íîìåð êàæäîé ñåðèè îò íà÷àëà ôðàçû, ïî âåðòèêàëüíîé  ÏÏÑ, èçìåðåííûé îò íà÷àëà ýòîé ñåðèè äî íà÷àëà ñëåäóþùåé.
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histograms of SRP in the signals with similar temporal
pattern of syllables are arranged in horizontal rows; the
scheme at the right represents the pattern of syllables.
It should be noted, that in certain communities each
kind of syllable pattern is represented by single species.
First we consider each grasshopper community separately in order to reveal the pattern of segregation of
communication channels.
The community in Irkutsk Area (No. 6 in the list
above) includes six species: Chorthippus karelini
(Uvarov, 1910), Euthystira brachyptera (Ocskay, 1826),
Podismopsis poppiusi (Miram, 1907), Stauroderus scalaris, Aeropus sibiricus and Omocestus viridulus. All of
them differ from each other in SRP almost without
overlap of the ranges of this parameter (Fig. 92). For this
reason it may appear that SRP is the only parameter
providing segregation of communication channels and
other characteristics of the signals are not necessary for
their recognition. However, investigation of other communities shows that this impression is wrong.
The studied community in Moscow Area (No. 1 in
the list) also includes six species: Chorthippus parallelus (Zetterstedt, 1821), Ch. dorsatus, Chrysochraon

dispar dispar (Germar, 1835), Ch. apricarius, G. biguttulus and O. viridulus. Here the situation is more complex, than in the previous case (Fig. 93). In species with
different structure of the signals the ranges of values of
SRP can overlap fully (G. biguttulus and Ch. dispar
dispar) or partially (G. biguttulus and O. viridulus). In
addition, the species producing echemes consisting of
two different parts, namely, Ch. dorsatus presents in the
community (Figs 4445). The ranges of SRP in both
parts of its signal partially overlap with these of Ch.
parallelus and Ch. dispar dispar respectively. Hence it
follows that the differences in the pattern of echemes are
quite sufficient for recognition of conspecific signal in
spite of partial overlapping of the ranges of SRP and the
similarity of general pattern of the song (echeme-sequences in the three species).
On the meadow with mesophytic vegetation in Rostov Area (locality No. 2) five species were found. These
are Ch. parallelus, Glyptobothrus mollis, Ch. apricarius,
G. maritimus (Mistshenko, 1951) and Ch. macrocerus
(Fig. 94). Similarly with the community in Moscow Area,
in species having different temporal structure of signals
the ranges of SRP can overlap fully (Ch. parallelus and
G. maritimus) or partially (Ch. apricarius and Ch. mac-

Fig. 85. The change of syllable repetition period (SRP) from the beginning to the end of the echeme of Glyptobothrus mollis. The number
of each syllable from the beginning of the echeme is laid off as abscissa, the SRP measured from the beginning of the syllable to the beginning
of the next one is laid off as ordinate.
Ðèñ. 85. Èçìåíåíèå ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) îò íà÷àëà ê êîíöó ôðàçû Glyptobothrus mollis. Ïî ãîðèçîíòàëüíîé îñè
îòëîæåí ïîðÿäêîâûé íîìåð êàæäîé ñåðèè îò íà÷àëà ôðàçû, ïî âåðòèêàëüíîé  ÏÏÑ, èçìåðåííûé îò íà÷àëà ýòîé ñåðèè äî íà÷àëà
ñëåäóþùåé.
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Fig. 86. Histograms of distribution of syllable repetition period in the song of Omocestus haemorrhoidalis at different temperatures.
Ðèñ. 86. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé â ñèãíàëàõ Omocestus haemorrhoidalis ïðè ðàçíûõ òåìïåðàòóðàõ.

Fig. 87. Histograms of distribution of syllable repetition period in the song of Chorthippus apricarius at different temperatures.
Ðèñ. 87. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé â ñèãíàëàõ Chorthippus apricarius ïðè ðàçíûõ òåìïåðàòóðàõ.
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Fig. 88. Histograms of distribution of syllable repetition period (SRP) in the echemes of two males of Chorthippus apricarius from
Moscow Area at the temperature 22°C. Data on each echeme are presented as a separate histogram. Probability of identity of SRP
in different echemes according to Wilcoxon test P<0.05 (significant differences) in all cases.
Ðèñ. 88. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ äâóõ ñàìöîâ Chorthippus apricarius èç
Ìîñêîâñêîé îáë. ïðè òåìïåðàòóðå 22°Ñ. Äàííûå ïî êàæäîìó ñèãíàëû ïðåäñòàâëåíû â âèäå îòäåëüíîé ãèñòîãðàììû.
Âåðîÿòíîñòü èäåíòè÷íîñòè ÏÏÑ â ðàçíûõ ñèãíàëàõ ïî êðèòåðèþ Âèëêîêñîíà P<0,05 (äîñòîâåðíûå ðàçëè÷èÿ) âî âñåõ ñëó÷àÿõ.

Fig. 89. Histograms of distribution of syllable repetition period (SRP) in the echemes of five males of Chorthippus macrocerus from
Rostov Area at the temperature 2930°C. Probability of identity of SRP in the signals of males Nos. 1 and 4 according to Wilcoxon
test P=0.44, in the signals of males Nos. 3 and 5 P=0.05. In all other cases P<0.05 (significant differences).
Ðèñ. 89. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ ïÿòè ñàìöîâ Chorthippus macrocerus
èç Ðîñòîâñêîé îáë. ïðè òåìïåðàòóðå 2930°Ñ. Âåðîÿòíîñòü èäåíòè÷íîñòè ÏÏÑ â ñèãíàëàõ ñàìöîâ ¹ 1 è 4 ïî êðèòåðèþ
Âèëêîêñîíà P=0,44, â ñèãíàëàõ ñàìöîâ ¹ 3 è 5 P=0,05. Âî âñåõ îñòàëüíûõ ñëó÷àÿõ P<0,05 (äîñòîâåðíûå ðàçëè÷èÿ).
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rocerus). On the other hand, in species producing signals with similar pattern (G. maritimus and Ch. macrocerus, Figs 78 and 1516 respectively) the ranges of
SRP overlap only in extreme values. It is notable that the
values of SRP in the songs of G. mollis and Ch. apricarius overlap only to a small extent despite differences in
the inner structure of syllables (Figs 20 and 22).
The community of the glades in the forest shelterbelts in Rostov Area (No. 3 in the list) includes five
species (Euchorthippus pulvinatus (Fischer-Waldheim,
1846), Ch. apricarius, Omocestus minutus (Brullé,
1832), G. maritimus and Chorthippus vagans (Eversmann, 1848)) and exhibit the same regularities (Fig.
95). The signals of different types have almost the same
ranges of SRP (in E. pulvinatus and O. minutus), whereas the signals of the same type (in G. maritimus and Ch.
vagans) overlap in this parameter only to a small extent.
It should be pointed out that in this community Ch.
macrocerus is replaced by Ch. vagans having the same
temporal pattern of the song and SRP.
The highest diversity of Gomphocerinae (11 species) was found in steppe locality in Rostov Area (No. 4
in the list). Similarly, in this community species produc-
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ing the signals of the same type occupy different ranges of SRP, whereas in the signals belonging to different
types this parameter sometimes have the same values
(Fig. 96).
The community of the salted land in Volgograd
(locality No. 5) is similar with the previous one in
species composition. Three steppe species (Stenobothrus nigromaculatus (Herrich-Schäffer, 1840), O. petraeus and Ch. macrocerus) are absent from this community and Ch. parallelus is replaced by Eremippus
costatus Tarbinski, 1927 producing the signals with the
same SRP and the type of temporal pattern (Fig. 97).
The community in Khabarovsk Province (locality
No. 7) is remarkable due to the fact that the signals of all
its members are echeme-sequences (Fig. 98). Moreover, in Ch. intermedius the echemes sometimes consist
of two different parts (Figs 5861), and P. genicularibus can produce syllables both with and without gaps
(Figs 4649). For this reason two histograms are presented on the scheme for each of these species. Five
species producing syllables without gaps are arranged
on the SRP axis almost without overlapping. Only in the
second (facultative) part of echemes of Ch. intermedius

Fig. 90. Histograms of distribution of syllable repetition period (SRP) in the songs of Chrysochraon dispar from different localities at
the temperature 2831°C. Probability of identity of SRP in the signals of males from Moscow Area and Rostov Area according to
Wilcoxon test P=0.50. In all other cases P<0.05 (significant differences).
Ðèñ. 90. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ ñàìöîâ Chrysochraon dispar èç ðàçíûõ
ãåîãðàôè÷åñêèõ òî÷åê ïðè òåìïåðàòóðå 2831°Ñ. Âåðîÿòíîñòü èäåíòè÷íîñòè ÏÏÑ â ñèãíàëàõ ñàìöîâ èç Ìîñêîâñêîé è
Ðîñòîâñêîé îáëàñòåé ïî êðèòåðèþ Âèëêîêñîíà P=0,50. Âî âñåõ îñòàëüíûõ ñëó÷àÿõ P<0,05 (äîñòîâåðíûå ðàçëè÷èÿ).
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Fig. 91. Histograms of distribution of syllable repetition period (SRP) in the songs of Omocestus haemorrhoidalis from different
localities at the temperature 3032°C. Probability of identity of SRP in the signals of males from Rostov Area and Southern Tyva
according to Wilcoxon test P=0.65, in the signals of males from Russian Maritime Province and Southern Tyva P= 0.76, in the signals
of males from Russian Maritime Province and Rostov Area P=0.28. In all other cases P<0.05 (significant differences).
Ðèñ. 91. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ ñàìöîâ Omocestus haemorrhoidalis èç
ðàçíûõ ãåîãðàôè÷åñêèõ òî÷åê ïðè òåìïåðàòóðå 3032°Ñ. Âåðîÿòíîñòü èäåíòè÷íîñòè ÏÏÑ â ñèãíàëàõ ñàìöîâ èç Ðîñòîâñêîé
îáëàñòè è Þæíîé Òóâû ïî êðèòåðèþ Âèëêîêñîíà P=0,65, â ñèãíàëàõ ñàìöîâ èç Ïðèìîðüÿ è Þæíîé Òóâû Ð=0,76, â ñèãíàëàõ
ñàìöîâ èç Ïðèìîðüÿ è Ðîñòîâñêîé îáëàñòè P=0,28. Âî âñåõ îñòàëüíûõ ñëó÷àÿõ P<0,05 (äîñòîâåðíûå ðàçëè÷èÿ).

Fig. 92. Histograms of distribution of syllable repetition period (SRP) in the songs of grasshoppers from the community on the
polydominant glade on the bank of Uk River in Irkutsk Area at the temperature 2831°C. Probability of identity of SRP in the signals
of different species according to Wilcoxon test P<0.05 (significant differences) in all cases.
Ðèñ. 92. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ ñèìïàòðè÷åñêèõ âèäîâ ñàðàí÷îâûõ,
íàñåëÿþùèõ ðàçíîòðàâíóþ ïîëÿíó íà áåðåãó ðåêè Óê â Èðêóòñêîé îáëàñòè, ïðè òåìïåðàòóðå 2831°C. Âåðîÿòíîñòü
èäåíòè÷íîñòè ÏÏÑ â ñèãíàëàõ ðàçíûõ âèäîâ ïî êðèòåðèþ Âèëêîêñîíà P<0,05 (äîñòîâåðíûå ðàçëè÷èÿ) âî âñåõ ñëó÷àÿõ.
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Fig. 93. Histograms of distribution of syllable repetition period (SRP) in the songs of grasshoppers from the community on the meadow
with mesophytic vegetation in Moscow Area at the temperature 2730°C. Probability of identity of SRP in the signals of different
species according to Wilcoxon test P<0.05 (significant differences) in all cases.
Ðèñ. 93. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ ñèìïàòðè÷åñêèõ âèäîâ ñàðàí÷îâûõ,
íàñåëÿþùèõ ëóã ñ ìåçîôèòíîé ðàñòèòåëüíîñòüþ â Ìîñêîâñêîé îáëàñòè, ïðè òåìïåðàòóðå 2730°C. Âåðîÿòíîñòü èäåíòè÷íîñòè
ÏÏÑ â ñèãíàëàõ ðàçíûõ âèäîâ ïî êðèòåðèþ Âèëêîêñîíà P<0,05 (äîñòîâåðíûå ðàçëè÷èÿ) âî âñåõ ñëó÷àÿõ.

Fig. 94. Histograms of distribution of syllable repetition period (SRP) in the songs of grasshoppers from the community on the meadow
with mesophytic vegetation on the edge of the field in Rostov Area at the temperature 2730°C. Probability of identity of SRP in the signals
of Chorthippus parallelus and Glybtobothrus maritimus according to Wilcoxon test P=0.87, in all other cases P<0.05 (significant differences).
Ðèñ. 94. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ ñèìïàòðè÷åñêèõ âèäîâ ñàðàí÷îâûõ,
íàñåëÿþùèõ ëóã ñ ìåçîôèòíîé ðàñòèòåëüíîñòüþ íà êðàþ ïîëÿ â Ðîñòîâñêîé îáëàñòè, ïðè òåìïåðàòóðå 2730°C. Âåðîÿòíîñòü
èäåíòè÷íîñòè ÏÏÑ â ñèãíàëàõ Chorthippus parallelus è Glybtobothrus maritimus ïî êðèòåðèþ Âèëêîêñîíà P=0,87, âî âñåõ
îñòàëüíûõ ñëó÷àÿõ P<0,05 (äîñòîâåðíûå ðàçëè÷èÿ).
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Fig. 95. Histograms of distribution of syllable repetition period (SRP) in the songs of grasshoppers from the community on the glades
in the forest shelterbelts in Rostov Area at the temperature 2730°C. Probability of identity of SRP in the signals of different species
according to Wilcoxon test P<0.05 (significant differences) in all cases.
Ðèñ. 95. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ ñèìïàòðè÷åñêèõ âèäîâ ñàðàí÷îâûõ,
íàñåëÿþùèõ ïîëÿíû â ëåñîïîëîñàõ â Ðîñòîâñêîé îáëàñòè, ïðè òåìïåðàòóðå 2730°C. Âåðîÿòíîñòü èäåíòè÷íîñòè ÏÏÑ â
ñèãíàëàõ ðàçíûõ âèäîâ ïî êðèòåðèþ Âèëêîêñîíà P<0,05 (äîñòîâåðíûå ðàçëè÷èÿ) âî âñåõ ñëó÷àÿõ.

Fig. 96. Histograms of distribution of syllable repetition period (SRP) in the songs of grasshoppers from the community in the steppe
dominated by Stipa sp. and Festuca sp. in Rostov Area at the temperature 2730°C. Probability of identity of SRP in the signals of Chorthippus
parallelus and Glybtobothrus maritimus according to Wilcoxon test P=0.87, in all other cases P<0.05 (significant differences).
Ðèñ. 96. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ ñèìïàòðè÷åñêèõ âèäîâ ñàðàí÷îâûõ,
íàñåëÿþùèõ òèï÷àêîâî-êîâûëüíóþ ñòåïü â Ðîñòîâñêîé îáëàñòè, ïðè òåìïåðàòóðå 2730°C. Âåðîÿòíîñòü èäåíòè÷íîñòè ÏÏÑ
â ñèãíàëàõ Chorthippus parallelus è Glybtobothrus maritimus ïî êðèòåðèþ Âèëêîêñîíà P=0,87, âî âñåõ îñòàëüíûõ ñëó÷àÿõ P<0,05
(äîñòîâåðíûå ðàçëè÷èÿ).
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Fig. 97. Histograms of distribution of syllable repetition period (SRP) in the songs of grasshoppers from the community on the saline
land in Volgograd at the temperature 2730°C. Probability of identity of SRP in the signals of different species according to Wilcoxon
test P<0.05 (significant differences) in all cases.
Ðèñ. 97. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ ñèìïàòðè÷åñêèõ âèäîâ ñàðàí÷îâûõ,
íàñåëÿþùèõ ñîëîí÷àê â Âîëãîãðàäå, ïðè òåìïåðàòóðå 2730°C. Âåðîÿòíîñòü èäåíòè÷íîñòè ÏÏÑ â ñèãíàëàõ ðàçíûõ âèäîâ ïî
êðèòåðèþ Âèëêîêñîíà P<0,05 (äîñòîâåðíûå ðàçëè÷èÿ) âî âñåõ ñëó÷àÿõ.

Fig. 98. Histograms of distribution of syllable repetition period (SRP) in the songs of grasshoppers from the community in the bog in
Khabarovsk Province at the temperature 3235°C. Probability of identity of SRP in the signals of Chrysochraon dispar major and
Mongolotettix japonicus japonicus according to Wilcoxon test P=0.20, in all other cases P<0.05 (significant differences).
Ðèñ. 98. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ ñèìïàòðè÷åñêèõ âèäîâ ñàðàí÷îâûõ,
íàñåëÿþùèõ áîëîòî â Õàáàðîâñêîì êðàå, ïðè òåìïåðàòóðå 3235°C. Âåðîÿòíîñòü èäåíòè÷íîñòè ÏÏÑ â ñèãíàëàõ Chrysochraon
dispar major è Mongolotettix japonicus japonicus ïî êðèòåðèþ Âèëêîêñîíà P=0,20, âî âñåõ îñòàëüíûõ ñëó÷àÿõ P<0,05 (äîñòîâåðíûå
ðàçëè÷èÿ).
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Fig. 99. Histograms of distribution of syllable repetition period (SRP) in the songs of Stauroderus scalaris and Dasyhippus barbipes from
Buryatia at the temperature 3536°C. Probability of identity of SRP according to Wilcoxon test P<0.05 (significant differences).
Ðèñ. 99. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ Stauroderus scalaris è Dasyhippus
barbipes èç Áóðÿòèè ïðè òåìïåðàòóðå 3536°C. Âåðîÿòíîñòü èäåíòè÷íîñòè ÏÏÑ ïî êðèòåðèþ Âèëêîêñîíà P<0,05 (äîñòîâåðíûå
ðàçëè÷èÿ).

the range of SRP overlaps to some extent with these in
the songs of other species.
From these data certain general conclusions regarding segregation of acoustic communication channels in
the communities of Gomphocerinae can be drawn.
As is seen from the schemes (Figs 9298), in sympatric species the signals differing from each other in
general structure (single echemes or echeme-sequences) or/and in temporal pattern of syllables can occupy
the same range of SRP. On the other hand, the signals
similar both in general structure and in syllable pattern
always differ from each other in SRP. The exceptions
are the species producing echemes consisting of two
different parts. In their songs the ranges of SRP sometimes can overlap considerably with these of sympatric
species. This is true for both parts of the echeme of Ch.
dorsatus (Fig. 93) and for the second part of the echeme
of Ch. intermedius (Fig. 98). The same general rules
were revealed in the grasshopper community studied by
Bukhvalova [2006] in Southern Tyva (South Siberia).
As a result, the potential acoustic resources of the
biotope may be imagined as a set of so-called acoustic
niches. Acoustic niche is a part of the ecological niche
as a whole; according to Bukhvalova [2006], it may be
defined as the range of acoustic parameters of environment in which successful communication of the species
is possible. In different biotopes the same acoustic niche
can be occupied by different species, but two sympatric
species cannot exist in the same niche.
Species producing signals with similar pattern and
SRP, i.e. occupying the same acoustic niche were never

found in the same community even though they may
have certain differences in the structure of syllables. For
instance, the songs of Ch. macrocerus and Ch. vagans
somewhat differ from each other in syllable pattern
(Figs 4 and 8 respectively), but are almost identical in
other characteristics including SRP. It can be seen from
Figs 9496 that in Rostov Area these two species are
formally sympatric, but replace each other in different
biotopes. The same situation is observed in Ch. parallelus and E. costatus replacing each other in steppes and
saline lands in the southern regions of European Russia
(Figs 9697). Their signals are similar in all formal
parameters (echeme-sequences consisting of syllables
with gaps and having the same SRP), but are not completely identical in temporal pattern (Figs 3435 and
3839).
S. scalaris and D. barbipes in the steppes of Transbaikalia provide one more example of this kind. Their
signals are similar in temporal pattern (Figs 24 and 26)
and have the same SRP (Fig. 99). In Buryatia, in the
environs of Onokhoy village (about 60 km E of UlanUde), where our observations were made, the former
species was found only on the meadows on the banks of
the river and the latter one inhabited steppes in river
valley. The distance between these biotopes in certain
places averaged no more than 1020 m, nevertheless
species under investigation were never found outside
their habitats.
In certain species occupying the same acoustic
niche not ecological, but geographical vicariation takes
place. For example, in S. miramae, Ch. macrocerus
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Fig. 100. Histograms of distribution of syllable repetition period (SRP) in the songs of Chorthippus hammarstroemi from Transbaikalia,
Stenobothrus miramae from Crimea and Ch. macrocerus from Rostov Area at the temperature 2832°C. Probability of identity
of SRP in the signals of different species according to Wilcoxon test P<0.05 (significant differences) in all cases.
Ðèñ. 100. Ãèñòîãðàììû ðàñïðåäåëåíèÿ ïåðèîäà ïîâòîðåíèÿ ñåðèé (ÏÏÑ) â ñèãíàëàõ Chorthippus hammarstroemi èç
Çàáàéêàëüÿ, Stenobothrus miramae èç Êðûìà è Ch. macrocerus èç Ðîñòîâñêîé îáëàñòè ïðè òåìïåðàòóðå 2832°C. Âåðîÿòíîñòü
èäåíòè÷íîñòè ÏÏÑ â ñèãíàëàõ ðàçíûõ âèäîâ ïî êðèòåðèþ Âèëêîêñîíà P<0,05 (äîñòîâåðíûå ðàçëè÷èÿ) âî âñåõ ñëó÷àÿõ.

and Ch. hammarstroemi temporal pattern of songs is
quite similar (Figs 510) and SRP has the same values
(Fig. 100). Thus the three species occupy the same
acoustic niche, but avoid competition for communication channels due to allopatry. S. miramae was found
in Crimea, in the south-eastern part of European Russia and in adjacent territories of Kazakhstan. The
range of Ch. macrocerus includes southern part of
European Russia, Caucasus, Transcaucasia, Asia Minor and Central Asia. However, we have not found it
neither in the steppes of Kerchenskiy Peninsula
(Crimea) nor in the environs of Orsk (Orenburg Area,
South Urals), where S. miramae occurred. Ch. hammarstroemi is common in a steppe zone of South
Siberia and in the southern part of the Russian Far
East, but it is absent in European Russia; as a result its
range does not overlap with these of two other species.
Since all these species have wide distribution, it may
be suggested that their ecological preferences are also
rather wide. Thus it is quite possible that the reasons
for their allopatry do not lie in a difference in ecological condition between localities, but in the similarity
of their calling signals.
It can be assumed that the general structure of the
signal (single echeme or echeme-sequence), syllable
pattern and SRP are the most important characters,
which can be used by insects for recognition of the
song of conspecific mate. Even difference in one of
these characters between two species provides segregation of their acoustic niches and thus forms precop-

ulatory barrier of reproductive isolation. Consequently, such difference between sympatric forms inhabiting the same biotope testifies that they are good species. On the other hand, similarity of signal temporal
pattern and SRP in allopatric forms is not an evidence
of their synonymy.
Presently, there is a great body of literature on
grasshopper communities in Palaearctic. It contains
data on species composition of Gomphocerinae in many
biotopes and plant associations in Russia, Kazakhstan,
Central Asia, etc. [e.g. Pravdin, 1978]. However, acoustic interactions between the members of the communities were never taken into account in these studies in
spite of the fact that the sounds produced by grasshoppers play a decisive role in their life. Recent studies
show that competition for acoustic transmission channels between different species sometimes is no less
strong as for other resources [Riede, 1996]. In certain
cases it can influence the species composition of the
community and thus affect the distribution of the species.
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