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Calling songs of grasshoppers of the genus Podismopsis (Orthoptera:
Acrididae: Gomphocerinae) and potentialities of use of acoustic
characters for discrimination between species of the genus
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ABSTRACT. Calling signals of Podismopsis pop-
piusi, P. genicularibus and P. ussuriensis from several
localities in Southern Siberia, Amur Area, Khabarovsk
and Maritime Provinces are described. Different types
of variability of signals are investigated. Signals of all
species studied have similar temporal pattern and are
the echeme-sequences. The shape of syllables in first
two species can vary due to the presence or absence of
the gaps. Syllable repetition period (SRP) remains con-
stant over many hundreds of kilometres of the range in
all species studied. Signals of conspecific males from
the same locality usually overlap in SRP fully or partial-
ly, but differ significantly from each other in this param-
eter. In the signals of sympatric species the values of
SRP can overlap only to a small extent, whereas in
allopatric ones they sometimes occupy almost the same
range. P. ussuriensis ussuriensis and P. ussuriensis
micra have the same pattern of songs, whereas popula-
tions of P. genicularibus from the western regions of the
Russian Far East and from the Southern Maritime Prov-
ince differ from each other in the number of syllables
per echeme. Successful use of acoustic characters in
taxonomy of Podismopsis is possible only with due
account of their variation. Formal comparison of sever-
al selected recordings can lead to erroneous conclu-
sions.

PE3IOME. Onucansl npussiBHbIE CUTHAIBI Podis-
mopsis poppiusi, P. genicularibus w P. ussuriensis n3
HECKONBKUX MecToHaxoxaeHuit B HOxuoit Cubupu,
Awmypckoii obnactu, Xabapockom u IIpumopckom
Kpasx. MccneqoBaHbl pa3Hble TUITB U3MEHYHBOCTH CUT-
Has10B. CUTHAJIBI BCEX U3YUYEHHBIX BUJIOB UMEIOT CXOJI-

HBIII BPEMEHHOM PHUCYHOK U COCTOAT U3 PETYJISAPHO
MOBTOPSIIOIIUXCA (ppa3. Y MepBHIX IBYX BUJOB BPEMEH-
HOMW PUCYHOK CEpHUIl MOXKET BapbUPOBATh 3a CUET HAJIU-
YUsl WIK OTCYTCTBUSI B HUX Tay3. [leprosa moBTopeHus
cepuit (IIT1C) y BceX M3YYCHHBIX BHIIOB OCTAETCS TO-
CTOSIHHBIM Ha MPOTSHKEHUH MHOTUX COTEH KHMJIOMETPOB
apeara. CUTHaIBI KOHCHIEH(PUIECKIX CaMIIOB U3 OJI-
HOW TOYKHM OOBIYHO YACTHYHO WJIHM IOJHOCTBIO TIepe-
kpbIBatoTcs mo 3HauenusM [T1C, ctaTucTruuecku 1oc-
TOBEPHO Pa3IMYasiCh MO 3TOMY MapaMeTpy. 3HAUCHHUS
[TIC B curnanax cuMHaTpu4eCKuX BUJOB MOTYT Iiepe-
KpbIBaThCSl JIMUIb B HE3HAYUTENILHON CTENEHHU, B TO
BpeMs KaK y aJJIONATPUUECKUX OHU MHOI'/Ia 3aHUMAIOT
MOYTH OJIMH U TOT K€ IUana3oH. P. ussuriensis ussuri-
ensis U P. ussuriensis micra ©MeIOT OJIMHAKOBBIN Bpe-
MEHHOU pUCYHOK CUTHAJIOB, B TO BpeMsI KaK MOITYJISIIIH
P. genicularibus w3 3ananHbIX peruoHoB JlampHEro
Boctoka Poccun n u3 FOxnoro [IpuMopss paznuyaroT-
sl TIO0 YHUCITy cepuif Bo (pazax. B cucremaruke Podis-
Mopsis yCIEIHOE UCII0JIb30BaHUE aKyCTUUECKUX ITPH-
3HAKOB BO3MOXHO TOJBKO C YIETOM UX U3MEHUYUBOCTH,
(hopmabHOE CPAaBHECHHE HECKOJIBKHX CITyYaiiHO BBIOPaH-
HBIX 3aMTUCCH MOYKET MPUBECTH K OIIUOOYHBIM 3aKITFO-
YEHUSIM.

Comparative analysis of calling sounds (signals) of
Gomphocerinae (Orthoptera: Acrididae) is widely used
in taxonomy for discrimination of cryptic species and
for elucidation of status of closely related forms. Still,
there is increasing evidence that sometimes temporal
pattern of songs in different species is quite similar;
occasionally, this phenomenon is observed even in non-
related forms from different genera [Bukhvalova, 2006].
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The aim of the present study is to investigate the vari-
ability of signals in representatives of Podismopsis
Zubowsky, 1900 and potentialities of use of acoustic
analysis in taxonomy of the genus.

At present the genus includes in Palaearctic about 30
described species [Storozhenko & Paik, 2007]. The
most part of species occur in the eastern part of the
region, namely, in Eastern Siberia, the Russian Far East,
China and Korea. A number of species are endemics of
the Sakhalin, Kurile Islands and Shantarskie Islands;
recently one species was described from the small Is-
land of Moneron [Storozhenko, 2006]. Oscillograms of
signals of P. poppiusi (Miram, 1907) from Irkutsk Area
are presented in the paper by Bukhvalova and Vedenina
[1998], signals of eight species from the northeast of
China are described by Cao et al. [1995].

In the present paper signals of three most abundant
representatives of the genus from the territory of Russia
are described. Data on localities, the number of speci-
mens investigated and the temperature during record-
ings are given in the Table 1. Recordings of songs were
made under natural conditions from caged or freely-
moving insects with microphone MD-382 (upper fre-
quency limit 12.5 kHz) and cassette recorder Elektron-
ika—302—1 (upper frequency limit 10 kHz) or minidisk
recorder Sony Walkman MZ-NH900 (sampling fre-
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quency 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 proba-
bility of identity of syllables repetition period in differ-
ent songs Wilcoxon test was used. The specimens
whose signals were recorded are deposited in the collec-
tion of the Zoological Museum of Moscow State Uni-
versity. Song terminology used in the present paper is
accepted after Ragge [1987].

In contrast to most other Gomphocerinae, the stud-
ied species of Podismopsis are forest-dwelling insects.
Singing males usually can be found on the soil among
dry leaves or on the broad-leaved grasses either under
the canopy of the forest or on the glades with dense and
high vegetation. Similarly to other grasshoppers, Podis-
mopsis males readily sing during the daytime. In the
Southern Maritime Province, where the nights are rather
warm, they can also keep on singing long after dusk,
when all other grasshoppers normally are silent. The
male, if not disturbed, can sing unceasingly for more
than 10—15 minutes.

General schemes of temporal pattern of songs of
three species studied are quite similar (Figs 1-71).
Signals are echeme-sequences; each echeme begins
quietly, but rapidly reaches maximum intensity.

Table 1. Data for recordings of calling signals of the studied species of Podismopsis.
Tabanya 1. AaHHble O 3aIMCAX HPU3BIBHBIX CUTHAAOB M3YYEHHBIX BUAOB Podismopsis.

Air
Species Locality and number of specimens tempe?ature
during
recording, C
1. Altai Mts., Teletskoe Lake:
(a) Artybash village at the northern end of the lake, 1 & 28
(b) Yaylyu village at the northern end of the lake, 5 &% 27-30
P. poppiusi (c) Chiri village at the southern end of the lake, 2 §& 22
(Miram, 1907) |2. Irkutsk Area:
(a) the valley of Uda Riv. 10-12 km N of Nizhneudinsk, 4 & 28-31
(b) env. Kosaya Step' village, 50 km SE of Bayanday along the road to 22-23 and 28
Elantsy, 1 &
1. Amur Area, about 30 km W of Svobodny, env. Kostyukovka village, 2 3¢ 25 and 32
2. SW of Khabarovsk Prov., about 7 km N of Obluchye, 2 & 30 and 32-35
P 3. Maritime Prov.:
T . (a) 30 km N of Chuguevka, env. Zametnoe village, 4 33 26-28
genicularibus . : .
(Shiraki, 1910) (b) Panlzapsky Reglpn, env. Tigrovoy, 2 33 . 25-27
(c) Pogranichny Region, env. Barabash-Levada village, 1 & 26-27
(d) NW bank of Khanka Lake, 10 km S of Turiy Rog, 1 & 27-28
(e) Khasan Region, env. Andreevka, 2 3¢ 25 and 29
P. ussuriensis 1. Amur Area, about 30 km W of Svobodny, env. Kostyukovka village, 3 §& | 25-27 and 30
gileczglic])?el};ﬁ 2. SW of Khabarovsk Prov., about 7 km N of Obluchye, 3 33 22, ??,:232 and
P. ussuriensis  |3. Maritime Prov.:
USSUriensis (a) Partizansky Region, env. Tigrovoy, 1 & 25-27
Ikonnikov, (b) Pogranichny Region, env. Barabash-Levada village, 5 3& 27 and 30-32
1911 (c) NW bank of Khanka Lake, 10 km S of Turiy Rog, 3 3& 25
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1 Altai, Artybash, 28° C - - 28

2 Altai, Yaylyu, 28-30° C

3 Altai, Yaylyu, 27-30° C

4 Altai, Chiri, 22° 5 _2s
AA‘J.I‘})
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5 Altai, Chiri, 22° C | 2s

10
6 Altai, Artybash, 28° C l‘ I '

11 200 ms
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t M"’MHM
7 Altai, Yaylyu, 28-30° C 200 ms
l 12
8 Altai, Yaylyu, 27-30° C 200 ms

13

9 Altai, Chiri, 22° C

_200ms _
10 Altai, Chiri, 22° C 200 ms
11 Altai, Artybash, 28° C 100 ms
Hivtbigd WWWNW MM»W i o ot b0 il mlw%w o Uit} swaess o MMMW i My bt WW*WW?MWM } b Al *Pﬂw
12 Altai, Yaylyu 28-30° C 100 ms
13 Altai, Yaylyu, 27-30° C 100 ms
14 Altai, Chiri, 22° C 100 ms

I

Figs 1—15. Oscillograms of calling songs of Podismopsis poppiusi (Miram): 5, 10, 15 — the male with one hind leg. Faster oscillograms
of the parts of songs indicated as “6—15” are given under the same numbers.

Puc. 1—15. Ocumnasorpammsl IIpusbIBHBIX curHaros Podismopsis poppiusi (Miram): 5, 10, 15 — camely ¢ 0AHOV 3aAHeil HOTOVL
(DparmeHTB! CUTHAAOB, IoMedeHHbIe gudpamn “6—15", mpeacTaBacHBI Ipu GOABIIEN CKOPOCTH PasBEPTKM HA OCLMAAOTPAMMAX IIOA
TAKUMM K€ HOMEPAMM.

15 Altai, Chiri, 22° C 100 ms
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16 Irkutsk Area, Uda Riv., 28-30° C —50 2

S

%

17 Irkutsk Area, Uda Riv., 30-31° C

18 Trkutsk Area, Kosaya Step', 28° C ) —2s
< e JJ
19 Irkutsk Area, Kosaya Step', 22-23° C 23 —2s
20 Irkutsk Area, Uda Riv., 28-30° C l 200 ms
24

S

B i
21 Irkutsk Area, Uda Riv., 30-31° C 200 ms

25
:KL"_

22 Trkutsk Area, Kosaya Step', 28° C 200 ms
23 Irkutsk Area, Kosaya Step', 22-23° C 200 ms

%%MWMM

4 TIrkutsk Area, Uda Riv., 28-30° C
100 ms

25 Irkutsk Area, Uda Riv., 30-31° C

100 ms
B o . ‘ evi——
26 Irkutsk Area, Kosaya Step', 28° C

100 ms
27 Trkutsk Area, Kosaya Step', 22-23 100 ms

Figs 16—27. Oscillograms of calling songs of Podismopsis poppiusi (Miram): 18, 22, 26 and 19, 23, 27 — two signals of the same
male. Faster oscillograms of the parts of songs indicated as “20—27” are given under the same numbers.

Puc. 16—27. Ocymarorpammsl IPU3BIBHBIX CUrHAAOB Podismopsis poppiusi (Miram): 18, 22, 26 n 19, 23, 27 — aBa curHasa oAHOTO
camua. OparmenTs! curHanos, nomedenuste yudpamu “20—27”, npescTasaeHsl TPy OOABLIEN CKOPOCTM Pa3BEPTKM HA OCLMAAOTPAMMAX
II0A TAKMUMM K€ HOMEPAMI.
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2s
28 Amur Area, 25°C 32
29 Khabarovsk Prov., 30° C —33 2s

30

Khabarovsk — 34
Prov., 32-35°C

N

#
44—+ #

31 Amur Area, 32°C
35 )
S
sttt o ‘;M%W#
32 Amur Area, 25° C
36 200 ms
33 Khabarovsk Prov., 30° C
200 ms
37 —_—
34 abarovsk Prov., 32-35° C 200 ms
38 —_—
35 Amur Area, 32°C
200 ms
39 _—
36 Amur Area, 25° C
100 ms

37 Khabarovsk Prov., 30° C

100 ms
38 Khabarovsk Prov., 32-35° C

100 ms

39

Amur Area, 32° C H

Figs 28—39. Oscillograms of calling songs of Podismopsis genicularibus (Shiraki) from Amur Area and Khabarovsk Prov. Faster

oscillograms of the parts of songs indicated as “32—39” are given under the same numbers.

Puc. 28—39. Ocymasorpammsr Ipu3sIBHBIX curHaA0B Podismopsis genicularibus (Shiraki) ms Amypexont oba. m Xabaposckoro xpast.

DparmeHTsl curHasos, nomederHsie uudpamu “32—39”, npescrasaeHsl mpu GOABLIEN CKOPOCTM PA3BEPTKU HA OCLMAAOTPAMMAX IOA
TaKMMHU K€ HOMEPaAMMU.



264 D.Yu. Tishechkin

Maritime Prov., Zametnoe, 27-28° C

41 Maritime Prov., Zametnoe, 27-28° C 6

42 Maritime Prov., Khanka, 27-28° C

43 Maritime Prov., Barabash-Levada, 26-27° C 43
¢A}JJ
11‘]1
44 Maritime Prov., Andreevka, 29° C 9 25
45 Maritime Prov., Zametnoe, 27-28° C ’ ' 200 ms
50
46 Maritime Prov., Zametnoe, 27-28° C _200ms _

47 Maritime Prov., Khanka 27-28° C “
200 ms
48 Maritime Prov., Barabash-Levada, 26-27° C

53 200 ms
o, . M #
49 Maritime Prov., Andreevka, 29° C ' 200 ms

54

o=
——

50 Maritime Prov., Zametnoe, 27-28°C

51 Maritime Prov., Zametnoe, 27-28° C 100 ms
52 Maritime Prov., Khanka, 27-28° C 100 ms
53 Maritime Prov., Barabash-Levada, 26-27° C 100 ms

54 Maritime Prov., Andreevka, 29° C

100 ms

55 Maritime Prov., Tigrovoy, 25-27° C 200 ms
56 'l ‘ "
56 Maritime Prov., Tigrovoy, 25-27° 100 ms

Figs 40—56. Oscillograms of calling songs of Podismopsis genicularibus (Shlmkl) from the southern Maritime Province: 44, 49, 54 —
the male with one hind | leg. Faster osci Iogmms of the parts of songs indicated as “45—54" and “56” are given under the same numbers.

Puc. 40—>56. Ocymasorpammpl IpusbIBHBbIX curHaos Podismopsis genicularibus (Shiraki) us FOskuoro Ipumopsst: 44, 49, 54 — camen
¢ oaHOM 3apHel Horoi. OparmeHTsr curHasos, nomedenHsie yudpamn 45—54" 1 “56”, mpeacTaBaeHbI IpU GOABIIEN CKOPOCTH Pa3BEPTKM
Ha OCUMAAOTPAMMAX TIOA TAKMMU K€ HOMEPAMM.



Calling songs of Podismopsis 265

Al Ll
Bl al

57 Amur Area, 25-27° C

Al JJJU ‘

o
e
>
o

o cm—
Y
———
————

=40

4

N
= | ===
=
—

i
—

[
==

m_d—.

——

v Ll
ik L b |

58 Khabarovsk Prov., 25-27° C T
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60 Maritime Prov., Khanka, 25° C — _2s
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61 Maritime Prov., Barabash-Levada, 30-32° C 66 2
il
w
62 Amur Area, 25-27° C 200 ms

67

63 Khabarovsk Prov., 25-27° C I | 200 ms
68
64 Khabarovsk Prov., 33-35° C

69 200 ms
65 Maritime Prov., Khanka, 25° C
200 ms
70
66 Maritime Prov., Barabash-Levada, 30-32° C - I . ' ‘
200 ms

67 Ammr Area, 25-27° C ‘

68 Khabarovsk Prov., 25-27° C | 100 ms

69 Khabarovsk Prov., 33-35° C ' | 100 ms

o e e o ~-‘»—-~~—WW—A~~———‘—WW~' W"A\W
70 Maritime Prov., Khanka, 25° C

100 ms
71 Maritime Prov., Barabash-Levada, 30-32°'C l ‘
100 ms

Figs 57—71. Oscillograms of calling songs of Podismopsis ussuriensis Ikonnikov. Faster oscillograms of the parts of songs indicated
as “62—71” are given under the same numbers.

Puc. 57—=71. Ocumarorpammbl HPU3BIBHBIX cUrHAaAOB Podismopsis ussuriensis Ikonnikov. dparmeHTbI CHUIHAAOB, HOMEeYEHHDIE
yndpamn “62—71”, mpeacraBaensl pu GOAbLIEN CKOPOCTU PasBEPTKM HA OCLMUAAOIPAMMAX TIOA TAKUMM SKE HOMEPAMM.
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In the songs of P. poppiusi syllables follow each
other almost without pauses (Figs 6—15, 20-27). Each
syllable begins quietly and gradually reaches its maxi-
mum towards the end. Quite often clicks in the high-
amplitude part of syllable are united in groups separated
by gaps (Figs 14-15, 27). In the male with one hind leg
the gaps both in and between syllables are more distinct
(Figs 5, 10, 15). We have not found any constant differ-
ences between the songs of males from Altai Mts.
(Teletskoe Lake) and Irkutsk Area (Figs 1-15 and 16—
27 respectively).

The songs of P. genicularibus (Shiraki, 1910) are
quite similar with these of the previous species in the
structure of syllables (Figs 28—56). The gaps in sylla-
bles can be almost entirely absent (Figs 37-38, 50-51)
or, on the contrary, are quite distinct (Figs 36, 52-53).
In the songs of certain males low- and high-amplitude
parts of each syllable are separated by a gap. This is the
case in the signals of males with one hind leg (Figs 44,
49, 54), but sometimes it was also observed in intact
individuals (Figs 31, 35, 39 and 55-56). P. geniculari-
bus does not forms morphological subspecies. It can be
subdivided into two distinct geographical forms basing
in the structure of calling signals, however. In the form
from the western regions of the Russian Far East (Amur
Area and the south-west of Khabarovsk Province) each
echeme includes 2—4 syllables only (Figs 28-35), where-
as in the form occurring in the Southern Maritime
Province the number of syllables per echeme averages
5-8 (Figs 40-49).

In the songs of P. ussuriensis Ikonnikov, 1911 sylla-
bles are separated by distinct pauses equal to or longer
than syllable (Figs 57—71). Songs of different subspe-
cies, P. ussuriensis ussuriensis Ikonnikov, 1911 and P.
ussuriensis micra Bey-Bienko, 1932 are identical (Figs
57-59, 62-64, 67-69 and 60-61, 65-66, 70-71).

Therefore, as is seen from the oscillograms present-
ed, differences between the songs of different species of
Podismopsis are not always distinct. This is especially
true in regard to P. poppiusi and P. genicularibus from
the Southern Maritime Province (Figs 1-27 and 40-56).
The ranges of variation of echeme duration in all forms
(both species and subspecies) overlap to a greater or
lesser extent (Table 2). Echeme repetition period also
varies within more or less the same range (Table 2); in
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addition, duration of pauses between echemes becomes
more variable if the singing male was disturbed. Certain
forms differ from each other in the number of syllables
per echeme, still the songs of P. genicularibus from the
Southern Maritime Province and P. ussuriensis overlap
almost completely in this parameter (Table 2).

For this reason the songs of different species often
sound quite similar for human ear and sometimes are
almost indistinguishable in nature. Comparison of os-
cillograms of individual signals also does not always
allows revealing distinct interspecific differences. On
the other hand, differences between geographical forms
of the same species (Figs 28-39 and 40-56) or even
between individuals from the same region (e.g. Figs 45,
50 and 48, 53) sometimes are pronounced quite well.

It is common knowledge that calling signal of each
species must differ in at least one physical parameter
from signals of all other sympatric simultaneously sing-
ing ones. Otherwise, recognition of conspecific signal
against the chorus of other species by potential mate
would be impossible. All the complex of the parameters
of the signal determine for the song of each species its
own “place” in the acoustic environment of the ecolog-
ical community. In grasshoppers, one of the most im-
portant parameters in which similar songs of different
species differ from each other is a syllable repetition
period (SRP) [Bukhvalova, 2006].

In P. poppiusi the ranges of variability of SRP in
individual males from the same region at constant
temperature can differ distinctly from each other and
occasionally do not overlap even in extreme values
(Fig. 72, e.g. males 1 and 4, 3 and 6). Probability of
identity (P) of different samples presented on histo-
grams does not exceeds 0.30 (between males 2 and 5);
moreover, in most cases P<0.01 (significant differ-
ence). Hence it follows that in the case under consider-
ation the results of statistical processing of data must
be interpreted with caution, because statistical signif-
icance does not always means biological significance.
All males studied were collected in a rather small
region on the northern end of Teletskoe Lake. What is
more, males 2—6 were found on the same small glade
on the shore of the lake and undoubtedly belong to the
same population.

Table 2. Temporal parameters of calling signals of the studied species of Podismopsis at the temperature 27—33" C.
Tabanyga 2. BpemeHHbIE TApaMeTPHI TIPUSBIBHBIX CUTHAAOB M3YYEHHDBIX BUAOB Podismopsis mpu temmepatype 27—33 C.

Duration of| Echeme | Number of
Species echeme, s |repetition|syllables per
period, s | echeme
\P. poppiusi (Miram, 1907) from Altai Mts. 0.7-1.7 | 3.0-7.7 9-15
\P. poppiusi (Miram, 1907) from Irkutsk Arca 1.1-2.6 | 1.8-4.0 811
\P. genicularibus (Shiraki, 1910) from Amur Area and SW of Khabarovsk Prov. 0.4-12 | 1.8-2.9 2—4
\P. genicularibus (Shiraki, 1910) from Maritime Prov. 0.9-19 | 2.2-4.7 5-8
\P. ussuriensis micra Bey-Bienko, 1932 0.3-1.2 | 1.0-5.0 4-8
P. ussuriensis ussuriensis lkonnikov, 1911 0.2-1.0 1.3-3.8 3-9
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Fig. 72. Histograms of distribution of syllable repetition period (SRP) in the songs of different males of Podismopsis poppiusi
(Miram) from the northern end of Teletskoe Lake (Altai Mts.) at the temperature 27—30" C. Probability of identity of SRP P=0.02
in the males Nos. 2 and 4; P=0.30 in the males Nos. 2 and 5; P=0.06 in the males Nos. 4 and 6, P<0.01 in other cases.

Puc. 72. I'ncrorpammst pacrpesesetns nepuopa nosroperns cepuit (IT1C) B curnasax pasubix camuos Podismopsis poppiusi (Miram)
¢ ceBepHON okoHeunoctn Teaenxoro osepa (Aarart) mpn temneparype 27—30° C. Bepositaocts npenrnanocrn IITC P=0,02 y camuos
NeNe 2 n 4; P=0,30 y camgos NeNe 2 u 5; P=0,06 y camgon NeNe 4 n 6, P<0.01 B ocTasbHBIX cAydasx.

As in other singing insects, SRP in P. poppiusi
decreases with increasing temperature (Fig. 73). It is
clearly visible even on oscillograms at low speed (Figs
1-3 and4-5, 18 and 19; on last two oscillograms signals
of the same male are presented). At the temperature
difference of 5° C and more the ranges of SRP are fully
separated. Also, the number of syllables per echeme in
males singing at lower temperatures is somewhat high-
er. This peculiar phenomenon was observed in both
regions, where the recordings of this species were made.
Thus in individuals from Altai Mts. the number of
syllables per echeme averages 9—15 and 14-16 at 27-30
and 22" C respectively (Figs 1-3 and 4-5). In the male
from Irkutsk Area 9—11 and 12—13 syllables per echeme
can be counted at 28 and 22-23" C respectively (Figs
18-19). Still, it should be noted, that syllables in the
initial part of the echeme have very low amplitude and
are almost indistinguishable on oscillograms. For this
reason it is not always possible to count them with
certainty.

In our recordings, SRP in signals of males from Altai
Mts. and Irkutsk Area overlap to a great extent at the
same temperatures (Fig. 73). In addition, at the temper-
ature 22° C differences between males from different
population are not significant (probability of identity
P=0.20).

In P. genicularibus from the Southern Maritime
Province the ranges of variability of SRP in the songs
of different males for the most part overlap fully or
partially, still the differences between signals were
statistically significant in all cases but one: in the
males 2 and 3 from Chuguevka probability of identity
of SRP P>0.01 (Fig. 74). Males from the environs of
Tigrovoy stand somewhat apart from other ones in this
character. SRP in their signals is distinctly lower, than
in individuals from other localities, still in other char-
acters their songs are similar with these of other males
(Figs 40-54 and 55-56).

Populations of P. genicularibus from the western
regions of the Russian Far East (Amur Area and south-
western part of Khabarovsk Province) and from Mari-
time Province are quite similar in SRP (Fig. 75) in spite
of distinct differences in the number of syllables per
echeme (Figs 28-31 and 40—44). In males singing at
30-35" C SRP is distinctly lower than in one singing at
25° C (Fig. 75). In contrast to P. poppiusi, no tempera-
ture-related changes of number of syllables per echeme
were observed.

In P. ussuriensis ussuriensis, the values of SRP in
the songs of different individuals fall into the same
range. Individual males differ significantly from each
other in this character, however (Fig. 76). Only in
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Fig. 73. Histograms of distribution of syllable repetition period (SRP) in the songs of Podismopsis poppiusi (Miram) from Altai
Mts. and Irkutsk Area at the temperatures 27—31 and 22—23 " C. Probability of identity of SRP P=0.20 in the males singing at 22—23 C;

P<0.01 in the males singing at 27—31"C.

Puc. 73. Tucrorpammsl pacripeaeaerns nepuopa nosropenns cepuit (ITIC) B curnanax Podismopsis poppiusi (Miram) ¢ Aatas n
n3 VIpkyrckoit 06a. mpu temnepatype 27—31 n 22—23° C. Bepostrocts naertnasoctn [ITC P=0,20 y camIoB, HEBIIMX IPH TEMIIEPAType

22-23"C; P<0,01 y camyos, nesmmx npu temneparype 27—31 C.

males | and 2 from Khanka Lake probability of identity
P=0.24. Differences between P. ussuriensis ussurien-
sis and P. ussuriensis micra are not pronounced (Fig.
77), moreover for signals of different subspecies re-
corded at25-27" C probability of identity P=0.11. Tem-
perature-related changes of signals in this species are
of the same order of magnitude as in P. genicularibus
(Fig. 77).

Comparison of histograms of distribution of the
values of SRP in different species shows, that in sympa-
tric ones (P. ussuriensis and P. genicularibus) signals
differ significantly in this parameter (Fig. 78). On the
contrary, in allopatric forms the range of variability of
SRP can overlap almost entirely (P. ussuriensis and
P. poppiusi). These data are in good agreement with
results obtained for other species of Gomphocerinae
[Bukhvalova, 2006].

As aresult, it must be admitted that only investiga-
tion of different kinds of variability of acoustic signals
allows revealing reliable taxonomic characters for dis-
crimination between different species of Podismopsis.

The shape of syllables in representatives of this
genus can vary considerably due to the presence or
absence of gaps. Moreover, differences between ex-

treme variants of syllable structure in the same species
sometimes are as great as between different species in
other groups of Gomphocerinae. Consequently, investi-
gation of songs of a number of individuals is necessary
for determination the limits of variation. Formal com-
parison of two selected recordings can lead to erroneous
conclusions.

In the taxonomy on the subspecies level acoustic
characters are in contradiction with morphological data.
On the one hand, two subspecies of P. ussuriensis are
indistinguishable in the shape of signals and on the
other, P. genicularibus, which is uniform in morpholo-
gy throughout all the range, forms two distinct geo-
graphical variations differing from each other in the
song patterns.

SRP appeared to be one of the most reliable char-
acters of the songs in representatives of the genus. In
all species studied it remains constant over many hun-
dreds of kilometres of the range. However, tempera-
ture has a profound effect on the SRP and, in the case
with P. poppiusi, apparently also on the number of
syllables per echeme. Besides, males of Podismopsis
readily sing both on the open place and under the
canopy of trees. Several individuals occurring at a
distances of about 3—4 meters from each other quite
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Fig. 74. Histograms of distribution of syllable repetition period (SRP) in the songs of different males of Podismopsis genicularibus
(Shiraki) from the southern Maritime Province at the temperature 25—28" C. Probability of identity of SRP P=0.02 in the males Nos.
2 and 3 from Chuguevka; P<0.01 in other cases.
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Fig. 75. Histograms of distribution of syllable repetition period (SRP) in the songs of Podismopsis genicularibus (Shiraki) from
different regions. Probability of identity of SRP P<0.01 in all cases.
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Fig. 76. Histograms of distribution of syllable repetition period (SRP) in the songs of different males of Podismopsis ussuriensis
ussuriensis Ikonnikov from the southern Maritime Province at the temperature 25—27 C. Probability of identity of SRP P=0.24 in
the males Nos. 1 and 2 from Khanka Lake; P<0.01 in other cases.
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Fig. 77. Histograms of distribution of syllable repetition period (SRP) in the songs of two subspecies of Podismopsis ussuriensis
Ikonnikov at the temperatures 25—27 and 30—35 C. Probability of identity of SRP in P. ussuriensis ussuriensis Ikonnikov and P.
ussuriensis micra Bey-Bienko P=0.11 at the temperature 25—27 C; P=0.01 at the temperature 30—35 C.

Puc. 77. I'mcrorpammst pacipepescns nepuosa nosroperns cepuit (ITTC) B curaarax AByX OABUAOB Podismopsis ussuriensis mpn
temueparype 25—27 u 30—35 C. Bepositrocts upentnanoctu TTIC y P. ussuriensis ussuriensis Ikonnikov w P. ussuriensis micra Bey-
Bienko P=0,11 npn remueparype 25—27 C; P=0,01 mpu temueparype 30—35 C.



Calling songs of Podismopsis 271
X
X
X
g
- g 58
P. uss.urze.nsz;5 e e £ 8% | . P genicularibus, Southern
ussuriensis , 25-27° be ExX% Ll R it _28°
N £33 $X%% % 8|3 Maritime Prov., 25-28°C
3 33 3335530 3:3:54
> & & XXXXXXXXXXXX XX
Bd 3838 EEERSERRISIISEE X%
JPINBS ol RS RR LRI ERERRK
L 2 4 % = ® XXX XXEXXXXXXXXXEXXXXXX XX . .
o a4 P. genicularibus ,
P. ussuriensis i X Amur Area, 25°C
micra,25-27°C 444, XX ¥ x $x X
AA AMAM AA AAA A A|lA AA XXXXXXX X XXXX X
H u
P. poppiusi, u u
27-30°C IIE E =El
i n EEE n EHEEN
0 50 100 150 200 250 300 350 400
SRP, ms

Fig. 78. Histograms of distribution of syllable repetition period (SRP) in the songs of different species and subspecies of Podismopsis.
Probability of identity of SRP in different species P<0.01 in all cases.
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Bepostaocts naenTnanoctn II1C B curnasax pasusix Bupos P<0,01 Bo Becex cayuasx.

often produce their signals at different temperatures,
one sitting on the sunlit place and another in the shade.
Differences in SRP in such a case sometimes are
distinct even for human ear. For this reason only
recordings made at more or less similar temperatures
can be used for comparative analysis.

Also, acoustic analysis is of limited usefulness for
elucidation of taxonomic status of allopatric forms.
Among Podismopsis these are species from the islands
ofthe Russian Far East and certain mountain forms such
as a siberian P. altaica Zubowsky, 1900 or european P.
transsylvanica Ramme, 1951. Clear differences be-
tween signals of allopatric forms indicate that they are
good species, still the similarity of signals is not an
evidence of their synonymy.

In the light of results obtained an attempt of com-
parative investigation of signals of eight species of
Podismopsis from the northeast of China [Cao et al.,
1995] seems to be unsuccessful. It should be noted,
that all species studied are described from China and
were not found outside its territory. On the basis of
comparison of oscillograms and temporal parameters
of'songs the authors concluded that these species differ
from each other in the structure of signals. However,
judging from the oscillograms presented, there is no
escape from the conclusion that in certain forms tem-

poral pattern of songs is identical. Quantitative data
provided in the paper under consideration confirm this
supposition. Intervals between syllables are identical
in three forms (0.133 s) and have close values in two
more ones (0.127 and 0.140 ms). In two other forms
this parameter averages 0.053 and 0.067 s respective-
ly. The number of syllables per echeme varies from 2
to 4 in all forms. We have no data on biology and
distribution of chinese species, still if they are not
allopatric, some of them evidently should be consid-
ered as synonyms. Moreover, neither P. ussuriensis,
nor P. genicularibus, which are abundant and numer-
ous in the adjacent regions of Maritime Province were
not found in the northeast of China by the authors of
the paper. Consequently, it is quite possible, that cer-
tain chinese forms are junior synonyms of species
described from the Russian Far East.
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