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 Analysis of the courtship of Myrmeleotettix antennatus (Fieber, 1853) –
with general remarks on multimodal courtship behaviour

in gomphocerine grasshoppers

Dirk Berger & Brigitte Gottsberger

Abstract

Gomphocerine grasshoppers are known to produce species-specific songs by a
femoral-tegminal mechanism. Male songs are considered to play a crucial role as
interspecific hybridization barrier between species since male songs are discri-
minated by conspecific females according to their preferences towards distinct
song structures and temporal patterns. During own comprehensive studies about
grasshopper songs it became evident that calling and courtship songs play dif-
ferent roles in the mating systems in different grasshopper species. Whereas in
many species calling and courtship songs resemble each other widely (e.g. most
Chorthippus species), in others highly complex courtship songs evolved contain-
ing acoustical and visual elements. That leads to the assumption that different
mating systems within Gomphocerinae and even more in caeliferan grasshop-
pers exist. About the diversity of mating systems in short horned grasshoppers
not much is known yet. In this study we describe the multimodal courtship behav-
iour of Myrmeleotettix antennatus. The courtship repertoire contains three acous-
tical elements and three visual displays in which the antennae, the palps and the
body are involved. On the basis of the obtained information we discuss functions
of different elements in comparison to published information on elaborate court-
ing grasshopper species. At the end we make some theoretical considerations
about the phylogenetic origin of calling and courtship songs in Gomphocerinae.

Zusammenfassung

Feldheuschrecken innerhalb der Gomphocerinae produzieren artspezifische Ge-
sänge mit Hilfe eines femoral-tegminalen Mechanismus. Den Gesängen der
Männchen wird eine bedeutende Rolle als zwischenartliche Hybridisationsbarrie-
re zugesprochen, da die Weibchen die akustischen Signale der Männchen ent-
sprechend ihrer Präferenzen bezüglich zeitlicher und struktureller Parameter dis-
kriminieren. Eigene umfassende Untersuchungen an Heuschreckengesängen
gaben Hinweise, dass Spontan- und Balzgesänge bei verschiedenen Heuschre-
ckenarten unterschiedliche Bedeutung im Paarungssystem zukommt. Während
sich bei vielen Arten (z.B. den meisten Chorthippus-Arten) die Spontan- und
Balzgesänge kaum unterscheiden, sind bei anderen hochkomplexe Balzgesänge
entstanden, die akustische und visuelle Elemente enthalten. Dies lässt vermuten,
dass verschiedene Paarungssysteme innerhalb der Gomphocerinen und erst
recht innerhalb der Caeliferen existieren. Über die Vielfalt von Paarungssyste-
men bei Feldheuschrecken ist nicht viel bekannt. In der vorliegenden Studie be-
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schreiben wir detailliert das multimodale Balzverhalten von Myrmeleotettix an-
tennatus. Die Balz dieser Art enthält drei Gesangselemente sowie drei visuelle
Komponenten in welche die Antennen, die Palpen und der Körper integriert sind.
Die Funktion verschiedener Elemente wird im Vergleich zu publizierten Daten
über komplex balzende Feldheuschrecken diskutiert. Am Ende stellen wir theore-
tische Überlegungen über den phylogenetischen Ursprung von Spontan- und
Balzgesang bei gomphocerinen Feldheuschrecken an.

Introduction

The most important factor in reproductive isolation in gomphocerine grasshop-
pers compared to mechanical or chemical factors is by far the acoustic commu-
nication. The radiation of the subfamily Gomphocerinae could mainly be triggered
by the evolution of new acoustical signals (MAYER et al. in press). In contrast to
other Acrididae the genital morphology in gomphocerine grasshoppers is not dis-
tinctive, and pheromones play only a role in very close sexual contact (OTTE
1970, UVAROV 1977, HELLER 2006). The two most important types of acoustic
signals are the spontaneous calling songs and the mating songs. Many taxo-
nomical studies concentrated on calling songs (RAGGE & REYNOLDS 1984, 1988,
RAGGE 1986, 1987a,b, GARCIA et al. 1987, CLEMENTE et al. 1989, 1990a,b ,
RAGGE et al. 1990, SCHMIDT 1990, and others), whereas the courtship songs
were not analyzed into detail, although many thorough descriptions of courtship
have been published (e.g. FABER 1929, 1932, 1953, JACOBS 1953, OTTE 1970,
RAGGE & REYNOLDS 1998). Courtship can be quite complex often including vari-
ous optical components in addition to acoustic signalling. In species with very
complex courtship the calling songs are often simple and not further developed
(HELVERSEN 1986, BERGER 2008) and thus, the usefulness of song analysis to
infer phylogenetic relationships was questioned (RAGGE 1986, 1987a, REYNOLDS
1986, 1988, RAGGE & REYNOLDS 1998, GARCIA et al. 2003).
Due to the possibility to record in synchrony songs and the underlying hind leg
movements by an optical-electronical device (HELVERSEN & ELSNER 1977) it is
possible to comparatively study behaviour of closely related species and to ana-
lyze phylogeny (HELVERSEN 1986, 1989, WAEBER 1989, GOTTSBERGER & MAYER
2007, BERGER 2008). Analyses of video recordings extend the possibilities to
systematically compare movements of other body parts besides hind legs (ATORF
2007, ELSNER 1968, ELSNER & HUBER 1969, RIEDE 1983, BERGER 2008). Com-
parative analyses of courtship behaviour of species of different taxonomical level
allow making an inference on the respective functions of elements within com-
plex behavioural repertoires. Certain song elements, sequences or combinations,
even not being homologous seem to have similar functions in courtship display.
Here we describe and analyze in detail the complete courtship of Myrmeleotettix
antennatus by sound, leg movements and video recordings. Furthermore we will
compare the courtship of M. antennatus with other caeliferan grasshopper spe-
cies and we will discuss functional and theoretical considerations of the origin of
acoustical and optical display in grasshoppers.
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Material and methods

Grasshoppers were collected, during a field trip, in a dry sandy steppe southwest
of Nové Zámky (Slovakia, east of Nesvady, N 47°55'26.7'', E 018°09'34.2'', and
an altitude of 104 m a.s.l.) in August 2008. Animals were brought alive to the De-
partments of Zoology of the Universities of Erlangen (Germany) and Vienna
(Austria) to record them under controlled laboratory conditions. The songs and
the song producing leg movements were recorded using an opto-electronic de-
vice (HELVERSEN & ELSNER 1977). A total of 43 recordings containing 48 court-
ship sequences of 4 males were recorded. Songs were recorded with a 1/2'' con-
denser microphone (G.R.A.S. Type 40AF) equipped with G.R.A.S. 26AP pream-
plifier. Signals were amplified by a Brüel and Kjær measuring amplifier (Type
2608). Song and leg movement signals were A/D-converted by a custom-build
DSP card with sample rates of 125 kHz (leg movements) and 250 kHz (sound).
Temporal parameters of the songs and the underlying leg movement patterns
were measured, using custom-designed software (W. Schulze) developed in Lab
View 7 (National Instruments, Austin, TX, USA) and Turbolab 4.0 (Stemmer
software). Analyses and song terminology follows GOTTSBERGER (2007) and
BERGER (2008).
In addition, video recordings were made to illustrate the visual courtship compo-
nents. These videos were made using a Sony Digital Handycam DCR-VX1000E
and a Panasonic HDC-SX5. Videos were imported and digitalized with Adobe
Premiere Pro CS3 (Adobe 1991-2007) and with iMovie HD 6.0.3. (Apple Com-
puter, Inc. 1999-2006). Analyses of video recordings were made with still frames
and with the programs GraphClick 2.9. (Arizona Software, 2006) and ImageJ
1.41 (http://rsb.info.nih.gov/ij). Drawings were made from single frames of the
video recordings using indian ink pencils of different diameters (Staedtler Mars
GmbH & Co. KG, Germany).

Results

Myrmeleotettix antennatus males perform a multimodal courtship display, con-
sisting of acoustical and visual components, when the physical contact to a fe-
male is established. We found three acoustical elements and three visual ele-
ments, which are arranged in a distinct order (Figs. 1-3).
Priming phase (song element 1)
The courtship was always preluded by series of very gentle pulses which were
produced by very low amplitude leg movements, i.e. leg dithering of
approximately 1 mm range (element 1; Fig. 1B). One leg was pulled down
abruptly and lifted slowly. Each down stroke emitted a single pulse. There was no
strict regularity in the coordination in pulse production. Usually legs alternated in
producing one pulse, but some times subsequent pulses were produced by the
same leg (Fig. 1B). The pulses were of such a low intensity that they were nearly
not audible to human ear. Pulses were produced in intervals of approximately
220 ms (Tab. 1). The male usually started to produce pulses more irregularly
when it started to court; later they became regular during progress of courting.

http://rsb.info.nih.gov/ij).
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This might explain the observed high standard deviation (Tab. 1). In the early
state of courtship such pulse series can be performed for several minutes until
the male switched to produce further elements. Later in courtship, element 1
alternated with the subsequent element complex.
At the beginning of courtship – during element 1 production – the male sat face
to face towards the female and presented the clubbed antennae pointed to the
front in an angle of about 160° to the body axis (Fig. 2A). The body was hold in
parallel to the ground (24° between femur and body axis) but was moved slightly
from side to side. Palps performed slow opening and closing movements. The
hind legs were kept in a degree of 40° to the body length axis and the tarsi were
adducted to the tibiae of the singing legs, never having contact to the ground.

Fig. 2: Illustration of the visual courtship display of a Myrmeleotettix antennatus male.
A: Initial position during element 1. The male is sitting close to the female,
presenting its antennae by keeping them apart of the head. Thereby, the male
performs body waving side wards around his body axis. B: During element 2
production, the clubbed and contrasting coloured antennae are simultaneously
and slowly moved back describing a side wards circle. In doing so, the male
stretches its body towards the female (arrow). During this phase the excited
male moves its palps (not shown). C: At the end of each element B the anten-
nae are stroked over the head, i.e. towards the female. Simultaneously, the
body is moved back reaching initial position (arrow). D: Immediately after the
quick forward stroke the antennae are moved apart of the head. After a short
pause the male continues courting starting with element 1.

Rhythmic phase (song element 2)
Element 1 led immediately to an element complex, of 7.48 s mean total duration
(SD 1.06 s) in which elements 2 and 3 alternated usually three times (rarely 2 or
4 times; Fig. 1; Tab. 1). In element 2 the legs were moved up and down syndro-
mously by a phase shift of 62°. The amplitude of the main leg movement cycles
increased consistently and reached its highest deflection at the end of element 2.
The first element 2 in the whole element 2-3 complex was highly significant
longer than the subsequent ones in all 4 males (Tab. 1; Mann-Whitney U-test
male 1 U= 0.0, Z= 2.71; p  0.0066; male 2 U= 0.0, Z= 6.05; p  0.00001; male 3
U= 0.0, Z= 5.20; p  0.00001; in male 4 not enough data were obtained to do sta-
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tistic analyses but oscillogram analyses of the songs of male 4 were in line with
results of the other males). During down stroke in this first leg movement cycle
the legs were stopped several times until they reached the lower turning point
(Fig. 1C). These down stroke steps emitted clear pulses divided by clear pauses,
whereas the phase shifted straight up stroke emitted a noise of increasing inten-
sity. Later in the first element 2 and during all subsequent second elements of
each complex the legs were moved up and down without any stops (Fig. 1D),
whereas the frequency and phase shift in which the legs are moved up and down
remained constant (compare Fig. 1C and D; Tab. 1). The resulting sound in this
part of element 2 was a constant noise. The sound pressure level increased con-
tinuously during element 2 (Fig. 1A).
During element 2 with rising excitation antennae were gradually moved along the
side and backwards in a semicircle until reaching an angle of 180° to body axis
with the tip of antennae pointing to the back of the animal (Fig. 2B; Fig. 3A). This
rhythmic phase was accompanied by a continuous uplifting of the body (until
more than 30° Fig. 3B) – thereby, the male often bent towards the female stand-
ing on its four fore legs (Fig. 2B) – and a very intensively up- and down move-
ment of the flashy white maxillary and labial palps was performed resulting in a
rapid fluctuation of angles between 30° up to 80° (Fig. 3C).
Excitation phase (song element 3)
At the end of element 2 cycle, one leg was pulled down in its initial position,
whereas the contra lateral leg started to perform high frequent vibrations without
lowering its position in a frequency of approximately 50 Hz (Fig. 1E; Tab. 1). This
was the song element 3. The ipsi lateral leg was moved in the same manner in
antidromic coordination, low position and in very low amplitude. The emitted
sounds were series of homogeneous pulses in a frequency of approximately 100
Hz, caused by the precisely antidromic moving of the legs and the fact that both
turning points of the legs – the upper and the lower one – do not emit any sound.
Interestingly, the “higher” vibrating leg alternated between subsequent elements
3 in each courtship sequence (Fig. 1A) (and regularly in following courtship se-
quences; data not shown).
Exactly in the moment when a M. antennatus male changed from element 2 to 3,
it threw the antennae in an extremely rapid movement of less than 4 ms to the
front (Fig. 2C; Fig. 3A). During the throwing of the antennae the body was moved
backwards into the initial position. After this convulsive reaction antennae were
moved to sides again (Fig. 2D). The body, which had reached the highest upright
position, an angle of 30° to ground, shortly after the throw of the antennae, was
abruptly lifted down again (Fig. 3B). In this phase the palps were nearly not
moved anymore (Fig. 3C).
After performing several courtship sequences, using vibrations of element 3, the
males stroked their legs several times into the air in irregular intervals and tried to
mount the female to copulate. If the female rejected the copulation attempt the
male usually started courting again.
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Fig. 3: Visual courtship components aligned with acoustic elements performed by
males of Myrmeleotettix antennatus during courtship. A: Angle between tip of
left antenna to body length-axis. B: Angle between body length-axis to the
ground. C: Angle between left labial and maxillary palps. D: Angle between left
femur to body length-axis. E: Oscillogram of the song and sound producing
leg movement patterns of element-2-3-complex. Representation of the oscil-
lograms and recording temperature as in Fig. 1.
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Repetition of rhythmic and excitation phases
When antennae reached the side position again, like at the end of priming phase,
the rhythmic phase begun anew, with gradual uplifting of body and moving of an-
tennae to the back. Palps were again moved heavily up and down. Element 2
was performed as before with songs being more gentle, until again in a sudden
movement antennae were thrown in direction of female. Rhythmic and excitation
phases were in 77% of all analysed sequences performed three times (Fig. 1A;
Fig. 3E). This element triplet alternated with element 1 several times until a copu-
lation attempt by the male followed.

Discussion

Courtship behaviour of Myrmeleotettix antennatus
1) Song
Courtship behaviour of Myrmeleotettix antennatus males consists of complex and
multimodal displays that are composed of acoustic and visual elements. Thereby,
different body parts are involved in signalling. Three acoustical and three visual
elements shape the courtship behaviour of M. antennatus. The acoustical units
were always produced in a strict order and were extensively repeated before a
copulation attempt of the male followed. The gentle element 1, consisting of low
amplitude acoustic signals – a series of pulses –, alternated with the louder ele-
ment-2-3-complex. Such alternation of gentle and louder parts is quite common
in multi-component acoustic signals in Gomphocerinae and seems to play an im-
portant role in courtship behaviour (FABER 1953, JACOBS 1953, ELSNER 1968,
ELSNER & HUBER 1969, OTTE 1972a, HELVERSEN 1986, RAGGE & REYNOLDS
1998, BERGER 2008). Complex courtship repertoires are often preluded by low
intensity parts which are produced extensively in the early stage of courting until
the male switches to produce further elements (FABER 1953, JACOBS 1953, ELS-
NER 1974a, 1975, RAGGE & REYNOLDS 1998, BERGER 2008). We observed that
the locomotion activity of the females was reduced, when the male produces
element 1 close to the female. That indicates that element 1 acts to bring the fe-
male in the stage of passive acceptance (LOHER & HUBER 1964), whereas further
song elements likely act in the meaning of active attraction sensu RIEDE (1983).
The latter ones, namely element 2 and 3 are signals of elaborate complexity and
higher intensity in contrast to element 1. The first element 2 of each element-2-3-
complex is particularly longer than subsequent ones. At the beginning the legs
are moved straight upwards whereas they are stopped several times during
downward stroking. In this part the song contains a clear syllable structure, con-
sisting of intensity modulated rustling noise during a phase shifted up stroke and
pulses during the synchronised down stroke stops of the legs. This syllable struc-
ture is widespread within gomphocerine grasshoppers (ELSNER & POPOV 1978,
HELVERSEN & HELVERSEN 1994, RAGGE & REYNOLDS 1998, BERGER 2008). It is
assumed to represent a plesiomorphic syllable pattern of complex singing gen-
era, e.g. Chorthippus, Stenobothrus and Omocestus (BERGER 2008, MAYER et al.
in press) to which Myrmeleotettix is closely related to (CLEMENTE et al. 1989,
1990b, MAYER et al. in press). As behavioural and neurophysiological observa-
tions reveal, the complex leg movement patterns likely resulted from the activity
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of two neuronal pattern generators. Whereas the main leg movements are as-
signed to unifunctional pleuro-thoracal muscles acting in e.g. locomotion, the su-
perimposed down stroke steps or high frequent leg vibrations are likely the result
of the activity of muscles which act bifunctional in both, movement of the hind
legs and the wings (WILSON 1962, ELSNER 1974a,b, 1975, 1983). Later during
element 2 the legs are straight stroked up and down in the same intervals as be-
fore, probably by the lack of activity of the flight oscillator. In contrast, in element
3 legs are moved in low amplitude and at high frequency, i.e. probably by the ac-
tivity of exclusively the neural flight oscillator. This alternating failure of neuronal
pattern generators within one song was never observed in Gomphocerinae until
now. In conclusion, we assume that the first syllables during element 2 (Figure
1C) – which combine the two upper mentioned rhythms – are ancestral song
elements within the element-2-3-complex of M. antennatus, even if all other parts
(Figure 1C, E) are produced by more simple leg movement patterns, resulting in
more simple structured sound. Furthermore, syllables of the first part of element
2 are the main part of the calling song in this species (FABER 1953, SAVITSKY
2005). The song of M. antennatus contains ancestral song elements which are
lacking in other species of this genus. The songs of M. maculatus and M. pallidus
for example are composed mainly of acoustical elements produced by simple up
and down movements and high frequent vibrations of the hind legs (RAGGE &
REYNOLDS 1998, SAVITSKY 2005, ATORF 2007). In this regard, M. antennatus re-
present a link in the evolution of new song patterns in this genus. Beside of this
there are big differences between the species not only by morphology and song,
but especially in the visual courtship displays between Myrmeleotettix-species.
Unfortunately, SAVITSKY (2005) did not mention the conspicuous visual displays
in his work.
2) Visual components
The visual repertoire of M. antennatus during courtship is very complex and dif-
ferentiated, but with nearly no variation in performance between the observed
individual males. Therefore the complex movements of different parts of body are
ritualized and repeated stereotypically in a highly species-specific manner. The
different elements, i.e. body rocking, palp flapping, and antenna stroking, proba-
bly originated from other behavioural contexts and have later been ritualized dur-
ing courtship (OTTE 1970).
The first peculiar non-acoustic behaviour elements during courtship are side to
side movements of the body during element 1 production. This behaviour was
observed exclusively during the priming phase whereas during all other courtship
phases it was lacking. Side to side body movements during courtship were ob-
served frequently in different courtship phases of various grasshopper species
(compare FABER 1953, JACOBS 1953, OTTE 1970). In some species, e.g. in
Stenobothrus fischeri where conspicuous side to side shaking is produced during
excitation phase this behaviour must be regarded as attraction behaviour in
S. fischeri (active attraction after RIEDE 1983, 1986), since in this phase the legs
which contain contrasting knee coloration are wide-angled moved (BERGER
2008). In Myrmeleotettix antennatus the function of body rocking is not that clear.
The gentle accentuated priming phase, as the initial part of courtship, is thought
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to be acting to decrease the locomotor activity of the female (passive acceptance
after LOHER & HUBER 1964). Since the legs of M. antennatus do not exhibit con-
trasting colouration and the legs are moved in only small deflection, the function
of body side to side movements in M. antennatus is clearly different to similar
movements of other gomphocerine grasshopper species. On one hand, body
rocking in this species could be regarded as movements acting in visual scan-
ning, i.e. the process of orientating to objects – here the female – in the visual
field (KENNEDY 1945, FABER 1936, 1953, WALLACE 1958, 1959) to be sensitive for
smallest females reactions. Such fixation movements are common in grasshop-
pers and likely resemble the origin of body rocking movements incorporated in
courtship. Under consideration of the position of the antenna during priming
phase (Fig. 2A) a second function of body rocking could be the presentation of
the clubbed and contrasting coloured antennae towards the female. Comparable
behaviour was observed in Gomphocerippus rufus, where the male displays its
antennae passively by shaking the head during the priming phase of courtship
(FABER 1953, JACOBS 1953, ELSNER 1968).
The palps of Acrididae function as mechano- and chemoreceptors and play an
important role in food finding and selection (FRINGS & FRINGS 1949). During feed-
ing and testing of food, the palps make irregular flicking movement as well as
extensive rapid vibrations, which are known as palpation. Palpation increases the
amount of sensory input reaching the central nervous system and it was sug-
gested that palpation maintains a continuous flow of information to the central
nervous system (BLANEY & DUCKETT 1975). Beside the central function palpation
plays in feeding, it seems that movement of palps can also play an important role
during courtship (FABER 1953, OTTE 1970). Possibly female sex pheromones are
sensed though the sensilla which are concentrated on the tips of maxillary and
labial palps. Whereas the role of the palps for feeding and physiological proc-
esses thereby is well studied especially concerning pest species (HASKEL &
MORDUE 1969, HASKEL & SCHOONHOVEN 1969, BLANEY & CHAPMAN 1970, BLANEY
et al. 1971, BERNAYS et al. 1972, BLANEY 1974, IGNELL et al. 2001 and references
therein), about the role of palps in sexual behaviour not much is known yet
(ATORF 2007).
Males of M. antennatus move the palps heavily during element 2 in the rhythmic
phase. Simultaneously they move the body and head towards the females (Fig.
2B). Additionally palps in M. antennatus are pure white, therefore contrasting to
the dark head, so that movement gets quite conspicuous. It is well conceivable
that the colour-contrast creates an extra visual stimulus. This white coloration of
palps is also found in other grasshopper species, like e.g. Omocestus rufipes,
and was hypothesized to be a strong optical signal, although this species does
not move palps during courtship (ATORF 2007). Hence female pheromones could
be sensed easily and olfactory communication is hypothesized to have evolved
prior to acoustic communication (OTTE 1970), the phylogenetic older function of
palpation during courtship is probably the perception of con-specific odours. The
use of contrasting coloured palps for visual courtship stimulus likely evolved later.
Rhythmic movements of palps during courtship are found also in many other
species e.g. like in Calliptamus italicus, Podisma pedestris, Gomphocerippus
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rufus, Aeropus sibiricus (FABER 1953), in Syrbula admirabilis and S. fuscovittata
(OTTE 1972a), and in Tylotropidius speciosus (Eyprepocnemidinae; LAUB-DROST
1959). Although the function of palp movement is not known yet, we assume that
the original function during feeding was modified into a ritualized movement play-
ing an important role in courtship.
The most conspicuous visual element of M. antennatus is the movement of the
antennae during courtship. The antennae, which primarily function as sense or-
gans in grasshoppers get very eye-catching because they are clubbed, have
curved tips, show conspicuous colour contrast to the rest of the antennae, and
are furthermore moved fast. Throwing of antennae is a common element in dif-
ferent genera of visual displaying gomphocerine grasshoppers and occurs in e.g.
Stenobothrus, Gomphocerippus, Gomphocerus, Syrbula, and Chorthippus spe-
cies (FABER 1953, JACOBS 1953, ELSNER 1968, 1974a, ELSNER & HUBER 1969,
OTTE 1970, HELVERSEN 1986, WAEBER 1989, BERGER 2008), but also in species
of other subfamilies, like in Taramassus (Eyprepocnemidinae; LEVY & BUTLIN
1994). But whereas in M. antennatus the antennae are slowly moved to the side
to suddenly be thrown to the front, in most other species antennae are suddenly
thrown from the front side- or backwards over the head like e.g. in Myrmeleotettix
maculatus, Stenobothrus eurasius and Gomphocerippus sibiricus (FABER 1953,
JACOBS 1953, BULL 1979, WAEBER 1989, ATORF 2007, BERGER 2008). In most
Gomphocerine the visual display of antennae stroking is usually accompanied by
leg stroking where the femora and often also the tibiae are thrown in the air (FA-
BER 1953, JACOBS 1953, BULL 1979, HELVERSEN 1986, WAEBER 1989, RAGGE &
REYNOLDS 1998, ATORF 2007, BERGER 2008, MAYER et al. in press). These opti-
cal displays are typically supported by darkened hind knees. In contrast, in Myr-
meleotettix antennatus no leg strokes could be observed during courtship and
contrasting knee colouration is not expressed. Antennae stroking in general is
supposed to be originated from disturbance reactions (WILLEY & WILLEY 1969)
that could be frequently observed when animals were disturbed or touched by
other animals or the experimenter. In this case the animals raise the antennae
into the opposite side of the disturbing interference. Clear differences in morpho-
logical modifications of the antennae in various taxa, as e.g. Gomphocerinae
Syrbula (OTTE 1972a), Gomphocerus (JACOBS 1953, ELSNER 1974a), the Chor-
thippus albomarginatus-group (HELVERSEN 1986, VEDENINA & HELVERSEN 2003),
Myrmeleotettix (BULL 1979), Gomphocerippus (JACOBS 1953, ELSNER 1968, ELS-
NER & HUBER 1969), Oedipodinae (LAUB-DROST 1959, FABER 1936, 1953, JA-
COBS 1953, WILLEY & WILLEY 1969, OTTE 1972b), Eyprepocnemidinae (LEVY &
BUTLIN 1994), and others, indicate that distinct movements of the antennae be-
came independently involved in communication in several lineages of short
horned grasshoppers and seem to be more widespread than it was supposed by
OTTE (1970). In all studied species with modified antennae, the antennae are in-
corporated in courtship (ATORF 2007). Thereby, morphological modifications
reach from filiform-prolonged-bended, clubbed, and flattened-broadened. Also
not conspicuously modified antennae are used for signalling (FABER 1953, OTTE
1972a, WILLEY AND WILLEY 1969). Therefore the distribution of optical signals of
the antennae, as by other body parts too, in grasshoppers are largely unknown.



ARTICULATA 25 (1)      [31.05.2010] 13

Theoretical considerations on the origin of divergent song types in Gom-
phocerinae

Gomphocerine grasshoppers have a complex bidirectional communication sys-
tem. They produce songs by rubbing a row of stridulatory pegs on the inner side
of their hind legs against a sclerotised edge on the fore wing (SIEBOLD 1844,
YERSIN 1854, LANDOIS 1867, GRABER 1872, FABER 1929, 1953, JACOBS 1953,
ELSNER 1974a, HELVERSEN & ELSNER 1977, ELSNER & POPOV 1978, and others),
and different male song types are produced in different behavioural contexts
(summarised in e.g. HUBER 1956, ALEXANDER 1957, 1967, FRINGS & FRINGS
1958, INGRISCH & KÖHLER 1998). The calling and courtship songs serve exclu-
sively for intra-specific communication and are under high pressure of sexual se-
lection.
About the variety of communication systems in grasshoppers not much is known
(GREENFIELD 1997). Also the functions of different courtship elements in complex
courtship repertoires in gomphocerine species often remain unclear. In the first
part of this paper we described and discussed the extraordinary courtship reper-
toire of Myrmeleotettix antennatus and tried to explain the functions of the differ-
ent visual and acoustic elements which are produced by the males of this spe-
cies during courtship. The reasons why different song types have evolved in
grasshoppers is discussed in e.g. BERGER (2008). Another question that arises is
the phylogenetic origin of calling and courtship songs in Gomphocerinae.
Calling songs are produced by males spontaneously and in irregular intervals
without having physical contact to female, i.e. long distance signals. They are
mostly short and stereotyped signals which are answered acoustically by recep-
tive con-specific females (JACOBS 1949a,b). Thereby, females discriminate
strictly according to distinct song structures and temporal parameters of male
songs (HELVERSEN 1972, HELVERSEN & HELVERSEN 1975, 1983, 1994, 1997,
BUTLIN & RITCHIE 1991, ERÍKSSON 1993, 1994, CHARALAMBOUS et al. 1994,
HELVERSEN et al. 2004, BRIDLE et al. 2006, GOTTSBERGER 2007, GOTTSBERGER &
MAYER 2007). The main functions of the calling songs are species recognition
and mate localisation. The exchange of songs between the sexes ("anaphony"
FABER 1932, WEIH 1950, "allelophony" FABER 1953), allows the male to locate
and find the mating partner phonotactically.
When the physical contact to a female is established the male changes its be-
haviour and produces courtship songs, i.e. short distance communication signals.
The courtship songs comprise two major functions, serving to species identifica-
tion and bringing the female from a semi-receptive into a fully receptive state so
that she permits copulation (FRINGS & FRINGS 1958, BULL 1979, OTTE 1970, ELS-
NER 1974a, EWING 1984 etc.).
Since courtship songs often comprise calling song parts (FABER 1932, 1953, JA-
COBS 1953, BERGER 2008, this paper discussion part one), calling song could be
regarded as the ancestral song type from which the courtship song descended.
Further, the fact that in many species the calling song and courtship songs widely
resemble each other could support this idea. On the other hand, it is very unlikely
that the basis of the effective sender receiver system of gomphocerine grass-
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hoppers can be found in long distance signals. That leads us to the following
theoretical considerations.
In general, the occurrence of an orthopteran species and thus the aggregation of
the sexes in a habitat are mainly influenced by extrinsic factors, as e.g. macro-
and microclimatic conditions, topography and land use (FABER 1932, KALTEN-
BACH 1970, KÖHLER 1990, DETZEL 1998, INGRISCH & KÖHLER 1998, SCHLUM-
PRECHT & WAEBER 2003). Within an appropriate environment the number of indi-
viduals of a species should be high enough to be able to register con-specific
signals. Even calling songs, which have the function of long distance signals, are
only effective in a limited range of about several metres (MINCKLEY & GREENFIELD
1995, MINCKLEY et al. 1995).
Ancestral songs in Gomphocerinae likely were short one-element-signals and are
assumed to have originated from signals without communication function, as e.g.
defence reactions (OTTE 1970). Such primitive vocalisations are also produced in
the presence of con-specifics by other grasshoppers with simple songs, as e.g.,
oedipodids which do not produce acoustical long range signals but perform sim-
ple acoustical signals in the presence of a mate (Acrotylus: BLONDHEIM & SHULOV
1972, Oedipoda:  FABER 1936, 1953, JACOBS, 1953, OTTE 1970, LAUB-DROST
1959, Sphingonotus: GARCIA et al. 2001). It is very conceivable that the origin of
the complex acoustic communication system in gomphocerine grasshoppers was
a simple short range signal which could be recognised as species-specific signal
by con-specifics, firstly within and later outside of the visual range. This signal
was likely universally used for defence and species recognition. Whether it
worked in female stimulation remains unclear. The function sharing into 1st spe-
cies recognition, 2nd mate location and 3rd sexual stimulation and the differentia-
tion in different song types (calling and courtship song) out of the ubiquitously
used ancestral signal must have been caused by the evolutive pressure of sexual
and natural selection. In general, calling songs are usually short and intense,
whereas courtship songs or repertoires are longer and gentler. The combination
of song duration and intensity is probably a result of the conflict of the biological
and physical requirements of the sender-receiver system and the avoidance of
predators and competitive con-specific males (BURK 1982, ROBERTS et al. 2007).
Calling or courtship songs reached different complexity levels in different Gom-
phocerinae lineages. Whereas, in some taxa calling and courtship songs resem-
ble widely each other, differing only in duration and intensity, in several lineages
extraordinary complex courtship repertoires evolved (FABER 1929, 1932, 1953,
JACOBS 1953, VAUPEL 1956, ELSNER 1968, ELSNER & HUBER 1969, OTTE 1970,
1972a,b , BULL 1979, RIEDE 1983, 1986, HELVERSEN 1986, WAEBER 1989,
RAGGE & REYNOLDS 1998, BERGER 2008, this study). The question which of the
two song types calling or courtship song, is the phylogenetic older one remains
open. The actual calling song resembles more the ancestral multifunction song
by its simple structure than the courtship song. In contrast, it seems to be more
likely that signals of a sender became functional as a species-specific communi-
cation signal in presence of a receiver. In this case an ancestral short distance
signal represents the origin of all further communication signals of Gomphoceri-
nae.



ARTICULATA 25 (1)      [31.05.2010] 15

Acknowledgements

We would like to thank Jaroslav Holu a (Frýdek-Místek) for his great support dur-
ing the field work and to the Department of Zoology II at the University Erlangen
for enabling us to prepare the bioacoustic recordings. Many thanks are due to
Maria Bauer and Wolfram Schulze (both Erlangen) for their help during recor-
dings and Klaus Reinhold (Bielefeld) for helpful comments on the manuscript.
Most of all we would like to thank Otto von Helversen our great teacher who re-
cently deceased for sharing his enthusiasm and ideas about grasshoppers with
us.
The study was financially supported by the Senckenberg Naturhistorische
Sammlungen Dresden and the Orthopterists' Society.

Authors:
Dr. Dirk Berger
Senckenberg Natural History Collections Dresden
Museum of Zoology
Königsbrücker Landstrasse 159
D-01109 Dresden, Germany
E-mail: dirk.berger@senckenberg.de

Mag. Dr. Brigitte Gottsberger
Department of Animal Biodiversity
University of Vienna
Rennweg 14
A-1030 Wien, Austria
E-mail: brigitte.gottsberger@univie.ac.at

References

ALEXANDER, R.D. (1957): Sound production and associated behavior in insects. - Ohio Journal
of Science 57 (2): 101-113.

ALEXANDER, R.D. (1967): Acoustical communication in Arthropods. - Annual Review of Ento-
mology 12: 495-526.

ATORF, J. (2007): Optische Balz bei Feldheuschrecken. - Diploma thesis, Friedrich-Alexander-
Universität Erlangen-Nürnberg, Erlangen; 66 pp.

BERGER, D, (2008): The evolution of complex courtship songs in the genus Stenobothrus
Fischer, 1853 (Orthoptera, Caelifera, Gomphocerinae). - Doct. Dissertation, Friedrich-
Alexander-Universität Erlangen-Nürnberg, Erlangen; 169pp.

BERNAYS, E.A., BLANEY, W.M. & CHAPMAN, R.F. (1972): Changes in chemoreceptor sensilla on
the maxillary palps of Locusta migratoria in relation to feeding. - Journal of Experimen-
tal Biology 57: 745-753.

BLANEY, W.M. (1974): Electrophysiological responses of the terminal sensilla on the maxillary
palps of Locusta migratoria (l.) to some electrolytes and non-electrolytes. - Journal of
Experimental Biology 60: 275-293.

mailto:dirk.berger@senckenberg.de
mailto:brigitte.gottsberger@univie.ac.at


16 [31.05.2010]      ARTICULATA 25 (1)

BLANEY, W.M. & CHAPMAN, R.F. (1970): The functions of the maxillary palps of Acrididae
(Orthoptera). - Entomologia Experimentalis et Applicata 13: 363-376.

BLANEY, W.M., CHAPMAN, R.F. & COOK, A.G. (1971): The structure of the terminal sensilla on the
maxillary palps of Locusta migratoria (L.) and changes associated with moulting. -
Zeitschrift für Zellforschorschung und mikroskopische Anatomie 121: 48-68.

BLANEY, W.M. & DUCKET, A.M. (1975): The significance of palpation by the maxillary palps of
Locusta migratoria (L): an electrophysiological and behavioural study. - Journal of Ex-
perimental Biology 63: 701-712.

BLONDHEIM, S.A. & SHULOV, A.S. (1972): Acoustic communication and differences in the biology
of two sibling species of grasshoppers, Acrotylus insubricus and A. patruelis. - Annals
of the Entomological Society of America 65:17-24.

BRIDLE, J.R., SALDAMANDO, C.I., KONING, W. & BUTLIN, R.K. (2006): Assortative preferences and
discrimination by females against hybrid male song in the grasshopper Chorthippus
brunneus and Chorthippus jacobsi (Orthoptera: Acrididae). - Journal of Evolutionary
Biology 19 (4): 1248-1256.

BULL, C.M. (1979): The function of complexity in the courtship of the grasshopper Myrmeleotet-
tix maculatus. - Behaviour 69 (3-4): 201-216.

BURK, T. (1982): Evolutionary significance of predation on sexually signalling males. - Florida
Entomologist 65 (1): 90-104.

BUTLIN, R.K. & RITCHIE, M.G. (1991): Variation in female mate preferences across a grasshop-
per hybrid zone. - Journal of Evolutionary Biology 4: 227-240.

CHARALAMBOUS, M., BUTLIN, R.K. & HEWITT, G.M. (1994): Genetic variation in male song and
female song preference in the grasshopper Chorthippus brunneus (Orthoptera: Acridi-
dae). - Animal Behaviour 47: 399-411.

CLEMENTE, M.E., GARCIA, M.D. & PRESA, J.J. (1989): Los gomphocerinae de la Penninsula
Iberica: I. Stenobothrus Fischer, 1853 y Myrmeleotettix Bolivar, 1914. (Insecta, Orthop-
tera, Caelifera). - Graellsia 45: 35-74.

CLEMENTE, M.E., GARCIA, M.D. & PRESA, J.J. (1990a): Los gomphocerinae de la Peninsula Ibe-
rica: II. Omocestus Bolivar, 1878. (Insecta, Orthoptera, Caelifera). - Graellsia 46: 191-
246.

CLEMENTE, M.E., GARCIA, M.D., PRESA AND J.J. & SANTOS, J.L. (1990b): Consideraciones sobre
la morphología, biología y relaciones filogenéticas de los Gomphocerinae de la penín-
sula Ibérica: Stenobothrus Fischer, 1853; Omocestus Bolívar, 1878 y Myrmeleotettix
Bolívar, 1914. (Orth., Caelifera). - Bol. San. Veg. Plagas (Fuera de serie) 20: 171-182.

DETZEL, P. (1998): Die Heuschrecken Baden-Württembergs. - Verlag Eugen Ulmer. Stuttgart
(Hohenheim). 580pp.

ELSNER, N. (1968): Die neuromuskulären Grundlagen des Werbeverhaltens der Roten Keulen-
heuschrecke Gomphocerippus rufus (L.). - Zeitschrift für vergleichende Physiologie 60:
308-350.

ELSNER, N. (1974a): Neuroethology of Sound Production in Gomphocerinae Grasshoppers
(Orthoptera: Acrididae) I. Song Patterns and Stridulatory Movements. - Journal of
Comparative Physiology 88: 67-102.

ELSNER, N. (1974b): Neural economy: Bifunctional muscles and common central pattern ele-
ments in leg and wing stridulation of the grasshopper Stenobothrus rubicundus Germ.
(Orthoptera: Acrididae). - Journal of Comparative Physiology 89: 227-236.

ELSNER, N. (1975): Neuroethology of sound production in gomphocerine Grasshoppers (Orthop-
tera: Acrididae) II. Neuromuscular activity underlying stridulation. - Journal of Compara-
tive Physiology 97: 291-322.



ARTICULATA 25 (1)      [31.05.2010] 17

ELSNER, N., (1983): A neuroethological approach to the phylogeny of leg stridulation in gom-
phocerinae grasshoppers. - In: HUBER, F. & MARKL, H. [eds.]: Neuroethology and
Behavioural Physiology. - Springer-Verlag Berlin-Heidelberg: 54-68.

ELSNER, N. & HUBER, F. (1969): Die Organisation des Werbegesanges der Heuschrecke Gom-
phocerippus rufus L. in Abhängigkeit von zentralen und peripheren Bedingungen. -
Journal of Comparative Physiology A 65 (4): 389-423.

ELSNER, N. & POPOV, A.V. (1978): Neuroethology of acoustic communication. - Advances in
Insect Physiology 13: 229-355.

ERÍKSSON, T. (1993): Female preference for specific pulse duration of male songs in the grass-
hopper Omocestus viridulus. - Animal Behaviour 45: 471-477.

ERÍKSSON, T. (1994): Song duration and female response behaviour in the grasshopper Omo-
cestus viridulus. - Animal Behaviour 47: 707-712.

EWING, A.W. (1984): Acoustic signals in insect sexual behaviour. - In: LEWIS, T. [ed.]: Insect
Communication. - 12th Symposium of the Royal Entomological Society of London.
Academic Press. London: 223–240.

FABER, A. (1929): Die Lautäußerungen der Orthopteren (Lauterzeugung, Lautabwandlung und
deren biologische Bedeutung sowie Tonapparat der Gearadflügler). Vergleichende
Untersuchungen I. - Zeitschrift für Morphologie und Ökologie der Tiere A 13 (3-4):
745-803.

FABER, A. (1932): Die Lautäußerungen der Orthopteren II (Untersuchungen über die biozöno-
tischen, tierphysiologischen und vergleichend-physiologischen Probleme der Orthop-
terenstridulation. Methodik der Bearbeitung und Auswertung). - Zeitschrift für Morpho-
logie und Ökologie der Tiere A 26 (1-2): 1-93.

FABER, A. (1936): Die Laut- und Bewegungsäußerungen der Oedipodinen. - Zeitschrift für wis-
senschaftliche Zoologie (A) 149: 1-85.

FABER, A. (1953) Laut- und Gebärdensprache bei Insekten (Orthoptera). - Mitteilungen des
Staatlichen Museums für Naturkunde Stuttgart; 198pp.

FRINGS, H. & FRINGS, M. (1949): The loci of contact chemoreceptors in insects. A review with
new evidence. - American Midland Naturalist: 41 (3): 602-658.

FRINGS, H. & FRINGS, M. (1958): Uses of sounds by insects. - Annual Review of Entomology 3:
87-106.

GARCIA, M.D., ABELLÁN, M.E., CLEMENTE, M.E. & PRESA, J.J. (1987): Consideraciones sobre el
comportamiento acústico de Arcyptera fusca fusca (Pallas, 1773) y A. microptera
(Fischer Waldheim, 1833) (Orthoptera: Acrididae). - Anales de Biología 11 (Biología
animal, 3): 81-89.

GARCIA, M.D., HERNÁNDEZ, N.A., CLEMENTE, M.E. AND PRESA, J.J. (2001): Producción de sonido
en Sphingonotus octofasciatus (Serville, 1839) (Orthoptera, Acrididae, Oedipodinae). -
Annales de Biología 23: 85-92.

GARCIA, M.D., LORIER, E., CLEMENTE, M.E. AND PRESA, J.J. (2003): Sound production in Parapel-
lopedon instabilis (Rehn, 1906) (Orthoptera: Gomphocerinae). - Annales de la Société
entomologique de France (n.s.) 39: 335-342.

GOTTSBERGER, B. (2007): Interspecific hybridization between the grasshoppers Chorthippus
biguttulus and C. brunneus (Acrididae; Gomphocerinae). - Doct. Dissertation, Friedrich-
Alexander-Universität Erlangen-Nürnberg, Erlangen; 78pp.

GOTTSBERGER, B. & MAYER, F. (2007): Behavioral sterility of hybrid males in acoustically com-
municating grasshoppers (Acrididae, Gomphocerinae). - Journal of Comparative
Physiology A 193: 703-715.



18 [31.05.2010]      ARTICULATA 25 (1)

GRABER, V. (1872): Bemerkungen über die "Gehör- und Sinnesorgane" der Heuschrecken und
Cikaden. - Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften, Mathema-
tisch-Naturwissenschaftliche Klasse 66 (1): 205-213.

GREENFIELD, M.D. (1997): Sexual selection in resource defense polygyny: lessons from territo-
rial grasshoppers. - In: CHOE, J.C. & CRESPI, B.J. [eds.]: Mating systems in insects and
arachnids. - Cambridge University Press. Cambridge – New York – Melbourne: 75-88.

HASKELL, P.T. & MORDUE, A.J. (1969) The role of mouthpart receptors in the feeding behaviour
of Schistocerca gregaria. - Entomologia Experimentalis et Applicata 12 (5): 591-610.

HASKELL, P.T. & SCHOONHOVEN, L.M. (1969): The function of certain mouth part receptors in
relation to feeding in Schistocerca gregaria and Locusta migratoria migratorioides. -
Entomologia Experimentalis et Applicata 12 (4): 423-440.

HELLER, K-G. (2006): Song evolution and speciation in bushcrickets. - In: DROSOPOULOS, S. &
CLARIDGE, M.F. [eds.]: Insect sounds and communication: Physiology, Behaviour,
Ecology, and Evolution. - Taylor & Francis: 137-152.

HELVERSEN, D. von (1972): Gesang des Männchens und Lautschema des Weibchens bei der
Feldheuschrecke Chorthippus biguttulus (Orthoptera, Acrididae). - Journal of Compara-
tive Physiology 81: 381-422.

HELVERSEN, D. VON, BALAKRISHNAN, R. & HELVERSEN, O. VON (2004): Acoustic communication in
a duetting grasshopper: receiver response variability, male strategies and signal de-
sign. - Animal Behaviour 68: 131-144.

HELVERSEN, D. VON & HELVERSEN, O. VON (1975): Verhaltensgenetische Untersuchungen am
akustischen Kommunikationssystem der Feldheuschrecken (Orthoptera, Acrididae). II.
Das Lautschema von Artbastarden zwischen Chorthippus biguttulus und Ch. mollis. -
Journal of Comparative Physiology 104: 301-323.

HELVERSEN, D. VON & HELVERSEN, O. VON (1997): Recognition of sex in the acoustic communi-
cation of the grasshopper Chorthippus biguttulus (Orthoptera, Acrididae). - Journal of
Comparative Physiology A 180: 373-386.

HELVERSEN, O. VON (1986): Gesang und Balz bei Feldheuschrecken der Chorthippus albomar-
ginatus- Gruppe (Orthoptera: Acrididae). - Zoologische Jahrbücher / Abteilung für All-
gemeine Zoologie und Physiologie der Tiere 113: 319-342.

HELVERSEN, O. VON (1989): Bemerkungen zu Chorthippus biguttulus hedickei (RAMME 1942)
und Beschreibung von Chorthippus biguttulus euhedickei n. ssp. - Articulata 4: 26-34.

HELVERSEN, O. VON & ELSNER, N. (1977): The stridulatory movements of acridid grasshoppers
recorded with an opto-electronic device. - Journal of Comparative Physiology 122: 53-
64.

HELVERSEN, O. VON & HELVERSEN, D. VON (1983): Species recognition and acoustic localization
in acridid grasshoppers: a behavioral approach. - In: HUBER, F., MARKL, H. [eds.]: Neu-
roethology and Behavioral Physiology. - Springer, Berlin, Heidelberg: 95-107.

HELVERSEN, O. VON & HELVERSEN, D. VON (1994): Forces driving coevolution of song and song
recognition in grasshoppers. - Fortschritte der Zoologie 39: 253-284.

HUBER, F. (1956): Heuschrecken- und Grillenlaute und ihre Bedeutung. - Naturwissenschaften
14 (43): 317-321.

IGNELL, R., ANTON, S. & HANSSON, B.S. (2001): The maxillary palp sensory pathway of Orthop-
tera. - Arthropod Structure & Development 29 (5): 295-305.

INGRISCH, S. & KÖHLER, G. (1998): Die Heuschrecken Mitteleuropas. - Neue Brehm-Bücherei
Band 629. Westarp-Wissenschaften. Magdeburg; 460pp.

JACOBS, W. (1949a): Über den Weibchengesang bei Feldheuschrecken. - Verhandlungen der
Deutschen Zoologischen Gesellschaft: 238-244.



ARTICULATA 25 (1)      [31.05.2010] 19

JACOBS, W. (1949b): Über Lautäußerungen bei Insekten, ins besondere bei Heuschrecken. -
Entomon 5: 100-107.

JACOBS, W. (1953): Verhaltensbiologische Studien an Feldheuschrecken. - Beiheft 1 zur
Zeitschrift für Tierpsychologie; 228pp.

KALTENBACH, A. (1970): Zusammensetzung und Herkunft der Orthopterenfauna im pannon-
ischen Raum Österreichs. - Annalen des Naturhistorischen Museums in Wien74:
159-186.

KENNEDY, J.S. (1945): Observations on the mass migration of desert Locust hoppers. -
Transactions of the Royal Entomological Society of London 95: 247-262.

KÖHLER, G. (1990): Biogeographisch-ökologische Hintergründe der Faunenveränderung bei
Heuschrecken (Saltatoria). - Articulata 5 (1): 3-22.

LANDOIS, H.(1867): Die Ton- und Stimmapparate der Insekten in anatomisch-physiologischer
und akustischer Beziehung. - Zeitschrift für wissenschaftliche Zoologie. (Z. wiss. Zool.)
17: 105-186.

LAUB-DROST, I. (1959): Verhaltensbiologie, besonders Ausdrucksänderungen (einschließlich
Lautäußerungen) einiger Wanderheuschrecken und anderer Orthopteren (Orthopt.,
Acrid.: Catantopinae und Oedipodinae). - Stuttgarter Beiträge zur Naturkunde aus dem
Staatlichen Museum für Naturkunde in Stuttgart 30: 1-27.

LEVY, R. & BUTLIN, R.K. (1994): Courtship Behaviour of Taramassus (Eyprepocnemidinae) from
Three Localities in Kenya. - Journal of Orthoptera Research 3: 11-14.

LOHER, W. & HUBER, F. (1964): Experimentelle Untersuchungen am Sexualverhalten des Weib-
chens der Heuschrecke Gomphocerus rufus L (Acridinae). - Journal of Insect Physio-
logy 10: 13-36.

MAYER, F., BERGER, D., GOTTSBERGER, B. & SCHULZE, W. (in press): Non-ecological radiations in
acoustically communicating grasshoppers? Evolution in action – Adaptive radiations
and the origins of biodiversity. Springer.

MINCKLEY, R.L. & GREENFELD, M.D. (1995): Psychoacoustics of female phonotaxis and the evo-
lution of male signal interactions in Orthoptera. - Ethology, Ecology and Evolution 7:
235-243.

MINCKLEY, R.L., GREENFIELD, M.D. & TOURTELLOT, M.K. (1995): Chorus structure in tarbush
grasshoppers: inhibition, selective phonoresponse, and signal competition. - Animal
Behaviour 50: 579-594.

OTTE, D. (1970): A comparative study of communicative behaviour in grasshoppers. - Miscella-
neous Publications of the Museum of Michigan 141; 168pp.

OTTE, D. (1972a): Simple versus elaborate behaviour in grasshoppers. An analysis of commu-
nication in the genus Syrbula. - Behaviour 17: 291-322.

OTTE, D. (1972b): Communicative aspects of reproductive behaviour in Australian grasshoppers
(Oedipodinae and Gomphocerinae). - Australian Journal of Zoology 20 (2): 139 – 152.

RAGGE, D.R. (1986): The songs of the western European grasshoppers of the genus Omoces-
tus in relation to their taxonomy (Orthoptera: Acrididae). - Bulletin of the British Mu-
seum (Natural History) Entomology 53 (4): 217-249.

RAGGE, D.R. (1987a): The songs of the western European grasshoppers of the genus Steno-
bothrus in relation to their taxonomy (Orthoptera: Acrididae). - Bulletin of the British
Museum (Natural History) 55 (2): 393-424.

RAGGE, D.R. (1987b): Speciation and biogeography of some southern European Orthoptera, as
revealed by their songs. - In: BACCETTI, P. [eds.]: Evolutionary biology of orthopteroid
insects. - Ellis Horwood Ltd, Chichester, England: 418-426.



20 [31.05.2010]      ARTICULATA 25 (1)

RAGGE, D.R. & REYNOLDS, W.J. (1984): The taxonomy of the western European grasshoppers
of the genus Euchorthippus, with special reference to their songs (Orthoptera: Acridi-
dae). - Bulletin of the British Museum (Natural History) Entomology 49 (2): 103-151.

RAGGE, D.R. & REYNOLDS, W.J. (1988): The songs and taxonomy of the grasshoppers of the
Chorthippus biguttulus group in the Iberian Peninsula (Orthoptera: Acrididae). - Journal
of Natural History 22: 897-929.

RAGGE, D.R. & REYNOLDS, W.J. (1998): The songs of the grasshoppers and crickets of Western
Europe. - Harley Books, Colchester, Essex, i-x; 591pp.

RAGGE, D.R., REYNOLDS, W.J., WILLEMSE, F. (1990): The songs of the European grasshoppers
of the Chorthippus biguttulus group in relation to their taxonomy, speciation and bio-
geography (Orthoptera: Acrididae). - Boletin de Sanidad Vegetal fuera de serie 20:
239-245.

REYNOLDS, W.J. (1986): A description of the song of Omocestus broelemanni (Orthoptera: Ac-
rididae) with notes on its taxonomic position. - Journal of Natural History 20: 111-116.

REYNOLDS, W.J. (1988): The use of insect sounds in taxonomy. - British Journal of Entomology
and Natural History 1 (4): 147-152.

RIEDE, K. (1983): Influence of the courtship song of the acridid grasshopper Gomphocerus rufus
L. on the female. - Behavioral Ecology and Sociobiology 14: 21-27.

RIEDE, K. (1986): Modification of the courtship song by visual stimuli in the grasshopper Gom-
phocerus rufus (Acrididae). - Physiological Entomology 11: 61-74.

ROBERTS, J.A., TAYLOR, P.W. & UETZ, G.W. (2007): Consequences of complex signalling-
predator detection of multimodal cues. - Behavioral Ecology 18 (1): 236-240.

SAVITSKY, V. YU. (2005): New data on acoustic communication of grasshoppers of the genera
Omocestus Bol. and Myrmeleotettix Bol. (Orthoptera, Acrididae) from Southern Euro-
pean Russia and their taxonomic importance. - Proceedings of the Russian Entomo-
logical Society. St. Petersburg 76: 92-117.

SCHLUMPRECHT, H. & WAEBER, G. (2003): Heuschrecken in Bayern. - Verlag Eugen Ulmer.
Stuttgart; 515pp.

SCHMIDT, G.H. (1990): Notes on the Chorthippus (Glyptobothrus) species (Orthoptera: Acridi-
dae) in Greece and the calling songs of their males. - Boletin de Sanidad Vegetal
(Fuera de serie) 20: 247-253.

SIEBOLD, C.T. VON (1844): Über das Stimm- und Gehörorgan der Orthopteren. - Archiv für
Naturgeschichte 10 (1): 52-81.

UVAROV, B.P. (1977): Grasshoppers and locusts. A handbook of general acridology. Vol. 2. -
Cambridge Univ. Press, Cambridge, England; 613pp.

VAUPEL, S. (1956): Einige Beobachtungen zur Balz der Keulenschrecke Gomphocerus rufus L. -
Nachrichtenblatt Bayerischer Entomologen 5: 125-127.

VEDENINA, V.Y. & HELVERSEN, O.VON (2003): Complex courtship in a bimodal grasshopper hy-
brid zone. - Behavioral Ecology and Sociobiology 54: 44-54.

WAEBER, G. (1989): Gesang und Taxonomie der Europäischen Stenobothrus- und Omocestus-
Arten (Orthoptera, Acrididae). - Diploma thesis, Friedrich-Alexander-Universität Erlan-
gen, Erlangen; 138pp.

WALLACE, G.K (1958): Some experiments on form perception in the nymphs of the desert
loscust, Schistocerca gregaria Forskål. - Journal of Experimental Biology 35: 765-775.

WALLACE, G.K. (1959): Visual scanning in the desert locust Schistocerca gregaria Forskål. -
Journal of Experimental Biology 36: 512-525.



ARTICULATA 25 (1)      [31.05.2010] 21

WEIH, A.S. (1950): Untersuchungen über das Wechselsingen (Anaphonie) und über das ange-
borene Lautschema einiger Feldheuschrecken. - Zeitschrift für Tierpsychologie 8 (1):
1-41.

WILLEY, R.B. & WILLEY, R.L. (1969): Visual and acoustical social displays by the grasshopper
Arphia conspersa (Orthoptera: Acrididae). - Psyche 76: 280-305.

WILSON, D.M. (1962): Bifunctional muscles in the thorax of grasshoppers. - Journal of Experi-
mental Biology 39: 669-677.

YERSIN, A. (1854): Mémoire sur quelques faits relatifs à la stridulation der Orthoptères. - Bulletin
de la Société Vaudoise des Sciences Naturelles 4: 108-128.



22 [31.05.2010]      ARTICULATA 25 (1)


