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Summary. In females of the acridid grasshopper 
Chorthippus biguttulus, thoracic auditory inter- 
neurons were investigated with respect to their se- 
lectivity for temporal parameters of the conspecific 
song. Special attention was given to the detection 
of small gaps in the 'syllables' of the song, since 
behavioural experiments have shown that the pres- 
ence or absence of gaps is critical for the female's 
Innate Releasing Mechanism (cf. Fig. 1). 

The spiking response of one ascending inter- 
neuron, the AN4, shows filtering properties which 
closely resemble the behavioural reactions (cf. 
Figs. 1, 3 and 5b). The difference in the AN4's 
reaction to stimuli with gaps and uninterrupted 
stimuli is maintained over the behaviourally rele- 
vant intensity range (Fig. 4). This reaction is reli- 
able enough that the stimulus type could be in- 
ferred by higher centres even from single stimulus 
presentations. Hence, this neuron is likely to parti- 
cipate in the task of gap detection and probably 
is a part of  the neuronal filter network which deter- 
mines the characteristics of the Innate Releasing 
Mechanism of this species. However, this inter- 
neuron is not species-specific: A homologue exists 
in other acridids as well and, in Locusta migratoria, 
has similar response characteristics (Fig. 6). The 
inferences of this observation for the evolution of 
an Innate Releasing Mechanism are discussed. 

Introduction 

In many acridid grasshoppers, the sexual partners 
are attracted to each other by means of an elabo- 
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rate acoustic communication. The production and 
recognition of the conspecific song constitute an 
important barrier against hybridisation (Perdeck 
1957). The filtering properties of the recognition 
process (Innate Releasing Mechanism, IRM) have 
been thoroughly investigated by behavioural ex- 
periments with artificial stimuli in the acridid 
grasshopper species Chorthippus biguttulus (D. von 
Helversen 1972; D. and O. von Helversen 1975, 
1983; O. von Helversen 1979). However, our 
knowledge of how such filters are realized in the 
CNS is rather limited. Only in few species neurons 
have been described with low pass, high pass and 
band pass characteristics for temporal parameters 
of the conspecific song (crickets: Schildberger 
1984; frogs: Rose and Capranica 1983, 1984; Wal- 
kowiak 1984). 

We investigated auditory interneurons in the 
CNS of Ch. biguttulus females with respect to their 
processing of behaviourally relevant temporal song 
parameters. In this paper, we focus upon one out- 
standing characteristic of  the IRM of this species: 
Ch. biguttulus females respond very well to a model 
song consisting of 20 'syllables' of  white noise 
(each 80 ms in duration) with interspersed pauses 
of 20 ms duration (see Fig. 1, upper inset). How- 
ever, if gaps greater than 2-3 ms in duration are 
inserted into the syllables, the effectiveness of this 
modified model is destroyed completely (see D. 
yon Helversen 1972; O. von Helversen 1979; cf. 
also Fig. 1). 

The neuronal filter of  the IRM, therefore, must 
be able to detect such small gaps in a noisy acoustic 
signal. This task appears to present problems even 
at the most peripheral level, the tympanic receptor 
fibres. An investigation of auditory receptors in 
Ch. biguttuIus revealed that a single receptor fibre 
is not able to transmit the information about gaps 
in the relevant time range (Ronacher and R6mer 
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1985). Instead it has been proposed that the pres- 
ence of gaps can be inferred by the CNS from 
a gap-induced synchronization of spikes on paral- 
lel receptor fibres (Ronacher and R6mer 1985; cf. 
also Michelsen et al. 1985; Surlykke et al. 1988). 

On the basis of  this information, a subsystem 
of the CNS must decide whether a stimulus (model 
song) is sufficiently similar to the conspecific song 
and, therefore, should be accepted or not. There 
is evidence that the final decision takes place within 
the brain (supraoesophageal ganglion) (Bauer and 
O. von Helversen 1987; cf. also Elsner and Huber 
1969; Ronacher et al. 1986). To our present knowl- 
edge, receptor fibres usually do not ascend further 
than the prothoracic ganglion (Rehbein et al. 1974; 
R6mer 1985). Thus, we asked how the information 
about the presence or absence of small gaps is 
transmitted from the thoracic ganglia to the su- 
praoesophageal ganglion. Here we describe the re- 
actions of an identified ascending interneuron 
which is a likely candidate for the filtering and 
transmission of information in this special context. 

Material and methods 

The animals used in the experiments were females of Chorthip- 
pus biguttulus L. caught in the field in southern Germany, and 
both  sexes of Loeusta migratoria L., obtained from a commer- 
cial supplier. Intracellular recordings were made with glass mi- 
croelectrodes whose tips were filled with a 3-5% solution of 
Lucifer Yellow (in 0.5 M LiC1). After physiological character- 
ization the cells were filled with Lucifer. Stained neurons were 
drawn from wholemounts after fixation in 4% paraformalde- 
hyde, dehydration and clearing in methyl salicylate (cf. Stewart 
1978). The experiments were performed in an anechoic Faraday 
cage. The animals were anesthetized for dissection by brief ex- 
posure to CO2 and then attached either with wax colophonium 
or with minute insect pins to a free-standing holder (thickness 
4 rmn). Head, gut, wings and legs were removed. The thorax 
was opened dorsally, the metathoracic ganglion was exposed 
and, in some of the preparations, desheathed. To ensure stabili- 
ty, the metathoracic ganglion was held on a nickel-chrome 
spoon and covered with locust Ringer solution (Pearson and 
Robertson 1981). The electrode was inserted into the metatho- 
racic ganglion or into the connectives between meso- and meta- 
thoracic ganglion. 

The stimulation program was controlled by a microcom- 
puter (AIM 65, Rockwell). The computer generated the ampli- 
tude modulation of the stimuli; the digital signal was converted 
by a DAC-element. The resulting envelope was multiplied by 
white noise (3-40 kHz). The amplified signal reached the loud- 
speaker via an attenuator. Stimuli could be presented either 
on the left or on the right side of the preparation by means 
of a computer-controlled switch. The distance between loud- 
speakers and preparation was 30 cm. Sound pressure was mea- 
sured with a Brfiel & Kjaer amplifier 2606 and a i/2" Brfiel 
& Kjaer microphone situated at the preparation site, and is 
given in dB re 2 x 10 -5 N/m 2 (dB SPL). Usually the stimuli 
consisted of two ' syllables' separated by a pause of 25 ms and 
were presented to the animal at a rate of 1.1/s. Each syllable 
was composed of 11 pulses and 10 gaps. Behavioural experi- 
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Fig. 1. Behavioural reaction of 3 Ch. biguttulus females to mod- 
el songs of rectangularly modulated white noise. A detail of 
the temporal structure of the models is indicated by the insets, 
representing syllables without gaps and syllables with 5 ms 
gaps. Model songs for behavioural test consisted of 50 syllables. 
Temperature during tests: 23-25 ~ Sound pressure 70 dB 
SPL. n = 5 4  ( i ,  . )  or 159 ( x )  per data point. Data  kindly 
provided by D. and O. von Helversen 

ments have shown that  the 'detectable '  gap width also depends 
on the duration of the pulses between the gaps (D. von Helver- 
sen 1972). Therefore, in order not  to confuse two effects, in 
an experimental series only the gap width was varied, while 
the duration and number  of pulses within a syllable were con- 
stant. In these experiments the syllable duration varied between 
90 and 150 ms (with 7.5 ms pulse duration). To allow a compar- 
ison of spike responses to different stimuli, the spikes were 
counted only in a time window which was adjusted to the shor- 
test syllable type of a series (in the above mentioned example: 
90 ms ( +  10 ms latency) after stimulus onset). 

Electrophysiological experiments were performed at room 
temperature (22-25 ~ Temperature was monitored in the ex- 
perimental chamber, near the animal. Behavioural tests were 
performed in a computer controlled set up;  for details see O. 
yon Helversen (1979). 

Results 

Behavioural results 

The behavioural reactions of 3 Ch. biguttulus fe- 
males to model songs containing gaps of different 
widths are shown in Fig. 1. Depending on the indi- 
vidual, the behavioural reaction drops below 25% 
of the maximum value at gap widths between 2.5 
and 4 ms. It should be noted that these experiments 
were performed at room temperature (23-25 ~ 
in order to allow a direct comparison with neu- 
rophysiological results. At higher temperatures 
(30-35 ~ the steep decrease of the female's reac- 
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tion occurs even with gaps of 1-2 ms duration (O. 
von Helversen 1979). The critical gap width also 
depends upon the sound intensity and upon the 
length of  pulses between gaps (cf. D. von Helversen 
1972; O. von Helversen 1979). 

Interneuron morphology 

The morphology of an ascending interneuron is 
shown in Fig. 2a. The soma is located ventrally 
near the midline of  the ganglion. A primary neurite 
runs in a lateral loop dorsally and crosses the mid- 
line of the ganglion in medial height. An ascending 
axon and a main dendrite originate from this point 
and run contralaterally in the frontal direction (the 
terms ipsilateral and contralateral are used with 
respect to the soma). The dense branches which 
arise from the main dendrite expand mainly on 
the contralateral side of the frontal auditory neu- 
ropil. 

This neuron's structure is obviously homolo- 
gous to the AN4-neuron described in Locusta mi- 
gratoria (compare Fig. 2a  and b; see also R6mer 
and Marquart  1984; synonymous: neuron 541, 
Boyan 1986). We will use the term AN4 for Ch. bi- 
guttulus, too. A similar neuron with a small ipsilat- 
eral dendritic branch has also been described in 
Omocestus viridulus L. (TH3-AC3, Hedwig 1986). 
This TH3-AC3 is probably also an homologue of  
the AN4 since we found such an ipsilateral den- 
drite in some individuals of  Ch. biguttulus and 
L. migratoria, too. 

Interneuron response 

This neuron is more sensitive to contralateral stim- 
ulation, although the directionality is not pro- 
nounced. The spike responses of the AN4-neuron 
of  a Ch. biguttulus female to syllables with gaps 
of  different width are shown in Fig. 3. The neuron 
reacted with circa 12.5 spikes to the uninterrupted 
syllables, whereas its reaction dropped to about  
2 spikes for syllables with gaps greater than 4 ms. 
These different spike responses were very reliable 
associated with the stimulus type, as can be seen 
from the small standard deviations. The difference 
in reaction did not critically depend upon the stim- 
ulus intensity. At all intensities tested, the uninter- 
rupted syllable elicited a response with significantly 
more spikes than the syllable with gaps (Fig. 4). 
Between 60 and 80 dB SPL, a syllable with gaps 
of 5 ms elicited only 1 spike on the average. (Only 
at 90 dB SPL, which normally is not accepted in 
the behavioural test, the spike count for the sylla- 
ble with gaps was higher). These results demon- 
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Fig. 2. a Morphology of an ascending auditory interneuron in 
Ch. biguttulus. Obviously, this neuron is a homologue of the 
AN4 in Locusta migratoria, which is shown in b. Scale bars: 
250 gm 
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Fig. 3. Reaction of an AN4-neuron in a Ch. biguttulus female 
to syllables with and without gaps. In the interrupted syllables, 
the pulse durat ion was 7.5 ms. Stimulus repetition rate: 1.l/s;  
78 dB SPL. 8 stimulus presentations per point. Bars indicate 
standard deviations 

strate that the sharp decline in reaction in Fig. 3 
is not caused by the intensity per time being lower 
for syllables with gaps. Indeed, as can be seen in 
recordings from the dendritic branches of  the 
AN4-neuron (see Fig. 5 a), the drop in the spike 
response is due to an inhibition. This neuron type 
reacts to a stimulus onset first with a pronounced 
IPSP, followed by an EPSP leading to a spike an- 
swer. With the interrupted syllable, however, each 
pulse onset following a gap induces an IPSP 
(Fig. 5a, arrows), and the resulting fusion of 
IPSP's causes a nearly complete suppression of  
spikes. 
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Fig. 4. Reaction of the AN4 to stimuli of different intensities 
(same cell as in Fig. 3). Two stimuli were tested: an uninter- 
rupted syllable (upper curve) and a syllable with gaps of 5 ms 
duration (stimulus repetition rate: 2/s, 5 stimulus presentations 
per point). In a pair-by-pair comparison, the differences be- 
tween the respective mean values are highly significant (P < 0.01 
for 50 dB SPL, P<0.001 for all other intensities). Bars indicate 
standard deviations 

Reactions of  different specimens of  the AN4- 
neuron to stimuli with varied gap widths are shown 
in Fig. 5 b, c. There was a considerable variation 
in the maximum spike response (extreme mean 
values between 6 and 22 spikes/stimulus for the 
uninterrupted syllable, although most mean values 
ranged between 10 and 14 spikes/stimulus). How- 
ever, independent of the absolute spike count, the 
reaction to syllables with gaps was principally the 
same in all cases, i.e. a drastic drop in spike re- 
sponse between 2 and 4 ms gap width (Fig. 5b). 
In this diagram, data are pooled for intensities be- 
tween 66 and 78 dB and pulse durations of  5.2 
or 7.5 ms. These differences had no systematic ef- 
fect on the reaction of  the neurons. Only at intensi- 
ties near the threshold (about 50-60 dB) did the 
reaction change. The overall spike response was 
reduced (to about  6 spikes for the uninterrupted 
syllable), and the slope of  the curves was, on the 
average, less steep and shifted toward broader gap 
widths (Fig. 5 c). Also, a considerably greater vari- 
ability was observed at low intensities, between in- 
dividuals as well as between different presentations 
of the same stimulus. These observations are in 
agreement with the behavioural results: the drop 
in reaction shifts to broader gaps at low intensity 
(O. von Helversen 1979). 

In most curves of Fig. 5, a small drop in reaction can be ob- 
served even between the uninterrupted syllable and the syllable 
with 0.8 ms gaps. This difference is not caused by the gaps, 
as can be seen from the absence of IPSP's at the pulse onsets 
in the response to the syllable with 0.8 ms gaps. Rather, it 
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Fig. 5. a Reactions of an AN4 (Ch. biguttulus) to a pulsed and 
an uninterrupted syllable. Recording from the dendritic region 
in the metathoracic ganglion. Note IPSP's triggered by the pulse 
onsets (arrows). Gap width: 5.2 ms. Scale bars: 20 mV, 50 ms. 
b and e Reactions of several specimens of the AN4-neuron 
in 5 Ch. biguttulus females to model songs containing gaps of 
different width (pulse durations 5 or 7.5 ms). Reaction (spikes/ 
stimulus) is expressed as percentage of the highest reaction 
(which usually occurred with the uninterrupted syllable). In 
two preparations the neuron was hyperpolarized by 1.5-3 nA 
negative current to reduce penetration artefacts. Temperature: 
22-25 ~ b Sound pressure between 66 and 78 dB SPL, i.e. 
15-30 dB above the neuron's threshold. Spike count ranged 
from 6-22 spikes/uninterrupted syllable (mean values), e Sound 
pressure between 50 and 60 dB SPL, i.e. 5 10 dB above the 
neuron's threshold. Maximum response between 4 and ,11 
spikes/syllable 
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Fig. 6a, b. Reactions of the AN4 of 2 specimens of Locusta 
migratoria to model songs, a Detail of the reactions to longer 
models containing uninterrupted syllables or syllables with gaps 
of 5 ms duration. Scale bars:  20 mV, 100 ms. b Reactions to 
syllables with gaps of different width. Sound pressure between 
60 and 66 dB SPL, i.e. 15-25 dB above threshold. Maximum 
response 7-16 spikes/syllable. Data  of one individual obtained 
with I nA hyperpolarization. Temperature: 23-25 ~ 

is due to a slight difference in habituation, The uninterrupted 
syllable served as a control stimulus and was inserted at every 
change of the gap width with a longer interval to the preceding 
stimulus. 

A comparison of Figs. 3 and 5 with Fig. 1 reveals 
- somewhat unexpectedly for a thoracic inter- 
neuron - filter characteristics which closely parallel 
the species-specific behavioural response of Ch. bi- 
guttulus females. This striking similarity suggests 
that the filtering characteristics for temporal pa- 
rameters of  this neuron could be also species-spe- 
cific. However, this is not the case. As mentioned 
above, a neuron with similar morphology has been 
found in Locusta migratoria (AN4, R6mer and 
Marquart  1984). The reactions of the locust's AN4 
to these acoustic models are very similar to those 
of the Ch. biguttulus homologue (compare Figs. 6 
and 5). 

Discussion 

Participation of the AN4 in the detection 
of small gaps 

The first question, of  course, is whether the AN4- 
neuron is actually involved in mediating this very 
peculiar behavioural response of Ch. biguttulus fe- 
males. Although a direct proof of this hypothesis 
is not available at this time (e.g. by elimination 
experiments (Atkins et al. 1984) or intracellular 
manipulation in the behaving animal (Schildberger 
and H6rner 1988)), several arguments speak in fa- 
vour of a participation of this interneuron in the 
detection of small gaps by Ch. biguttulus females. 

As mentioned in the Introduction, the informa- 
tion about the presence or absence of gaps has 
to reach the brain (Bauer and O. von Helversen 
1987). There are, in principle, two mechanisms by 
which an interneuron could transmit this informa- 
tion: The neuron could encode the temporal struc- 
ture of the stimulus (i.e. the spike distribution pre- 
sents a copy of the stimulus structure); or, it could 
perform a weighting of parameter values of the 
stimulus and react selectively to stimuli fulfilling 
certain criteria, e.g. not containing gaps. 

As concerns the first mechanism, one has to 
consider the small gap widths detected by the be- 
having animals (Fig. 1, and O. von Helversen 
1979) and the spike rates observed in interneurons 
(at room temperature for tonic reactions up to 
250 Hz; higher spike rates, up to 500 Hz, occur 
only with few neurons in short phasic bursts). For 
these reasons, it is inconceivable that a single inter- 
neuron could encode the stimulus structure in its 
spike pattern with sufficient precision. Still, the 
stimulus structure could be represented in the spike 
pattern of many parallel neurons. Such a mecha- 
nism - a synchronization of spikes on parallel 
fibres - has been proposed for the transfer of  infor- 
mation about gaps by the receptor fibres (Ron- 
acher and R6mer 1985), since a single receptor 
fibre is obviously not able to transmit the informa- 
tion about the presence of gaps in the relevant 
time range. Perhaps, the brain detects the presence 
of gaps from the reactions of several parallel neu- 
rons by a similar mechanism as proposed for the 
receptor fibres ? 

According to our data (recordings of approxi- 
mately 20 types of ascending auditory interneu- 
tons) such a mechanism is not likely. There are too 
few neurons with similar reactions, and, for most 
of  them, a difference in the timing of spikes elicited 
by an interrupted or an uninterrupted syllable is 
evident only with very large gaps. Since a song 
consists of  a repetitive pattern, the encoding of the 
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stimulus structure could, in principle, be improved 
by an evaluation of  consecutive stimuli (as per- 
formed in PST-histograms, in which the responses 
to many stimulus presentations are summated). 
However, it is by no means clear whether the CNS 
of grasshoppers could analyze the timing of  spike 
responses to successive stimuli. Note that the ani- 
mals already answer to model songs consisting of  
10 syllables and, therefore, have to assess a song 
on the basis of  a few syllable repetitions (D. von 
Helversen 1972). 

Hence, neurons with filter properties seem to 
be required for transporting the information about  
the presence of  small gaps to the brain. There are 
two further properties which can be expected from 
a 'filter-neuron'. (i) The reactions of  this neuron 
should be reliable enough that the stimulus type 
could be inferred by higher centres from few stimu- 
lus presentations. (ii) The selectivity of  this neuron 
should be more or less independent of  intensity, 
at least in the behaviourally relevant range. (Some 
brain neurons in Locusta have been reported to 
respond selectively to the temporal pattern of  the 
conspecific song (R6mer and Seikowsky 1985). 
However, in these cases, the selectivity was re- 
stricted to a very narrow intensity range and thus 
seems to be very susceptible to minor changes.) 

In about  400 recordings from acoustic neurons 
in the thoracic ganglia of Ch. biguttulus, we found 
no other ascending neuron as well-suited as the 
AN4 to transmit the information about  small gaps. 
Indeed, for most ascending interneurons, the spike 
count for an uninterrupted or an interrupted sylla- 
ble was more or less the same. In a few neurons, 
differences were found in spike count elicited by 
the two kinds of stimuli. However, this effect was 
always restricted to a small intensity range and, 
in most cases, was probably an effect of  the differ- 
ing mean intensities of the two types of  stimuli. 
There are, in Ch. biguttulus as well as in L. migra- 
toria (Marquart  1985), some other neurons which 
show an initial IPSP at stimulus onset (AN3, AN6, 
'AN11/12'-types). In these neurons, however, the 
IPSP is usually not retriggered by each pulse onset, 
as is the case with the AN4. Only under certain 
conditions in some examples of  these neurons has 
a summation of  IPSPs been observed (in reaction 
to syllables with gaps), but this effect depended 
on the side of  stimulation and had little or no influ- 
ence on the spike response. 

The strongest arguments for a participation of  
the AN4 in this task of  gap detection are (i) the 
close agreement in the time range of  the behaviour- 
al and the neuronal response (Figs. I and 5), (ii) 
the reliability of  the difference in response to unin- 

terrupted and interrupted stimuli, and (iii) the fact 
that this difference is maintained over the beha- 
viourally relevant intensity range (cf. Fig. 4). Of 
course, these arguments do not prove that the AN4 
in Ch. biguttulus actually participates in the neuro- 
nal filter network which determines the character- 
istics of  the IRM. Likewise, we cannot exclude the 
possibility that other interneurons, too, contribute 
to the transport of  information about  the presence 
of  gaps from the thoracic ganglia to the brain. 
In any case, however, the reactions of  the AN4 
can be viewed as a model of  how the detection 
of  very small gaps could be accomplished in the 
CNS. 

Inferences on the evolution of the IRM 

A remarkable finding is the occurrence of  a neuron 
in the thoracic ganglia whose filter characteristics 
match the behavioural response of Ch. biguttulus 
females. In other species, ' temporal filter'-neurons 
were found only at high levels of the auditory path- 
way (locusts: Adam 1969; R6mer and Seikowski 
1985; crickets: Schildberger 1984; frogs: Rose and 
Capranica 1983, 1984; Walkowiak 1984). Even 
more surprising is the fact that this neuron has 
the same response characteristics in L. migratoria, 
a not closely related species (subfamily Oedipo- 
dinae, sensu Dirsh 1975), as in Ch. biguttulus (sub- 
family Gomphocerinae), compare Figs. 5 and 6. 
This neuron, therefore, is neither a species-specific 
acquisition of  Ch. biguttulus nor a newly adopted 
modification of an existing neuron. This observa- 
tion might shed some light on basic principles of  
the evolution of  such a communication system. Al- 
though this neuron in Ch. biguttulus probably con- 
stitutes an important step in generating the species- 
specific behaviour, it is itself not species-specific, 
neither in its morphology nor in its reaction. The 
filter network which determines the properties of  
the IRM is species-specific only as a whole, but 
not necessarily in its elements. This is really not 
very surprising. Evolution must work upon the ba- 
sis of  existing elements. Our data on other thoracic 
auditory interneurons provide no evidence of  the 
existence of  species-specific neurons at this level 
(Stumpner and Ronacher, in prep. ; see also Hed- 
wig 1986). We hypothesize that the AN4-neuron 
is common to most acridids and has evolved its 
physiological characteristics in another, still un- 
known, context. Thus, it formed a preadapta t ion 
for gap detection from which these surprising re- 
quirements of  Ch. biguttulus females (Fig. 1) could 
easily evolve. It should be noted that the I RM 
of male Ch. biguttulus reacts quite differently to 
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g a p s :  M a l e  Ch. bigut tulus  r e s p o n d  p a r t i c u l a r l y  wel l  
to  m o d e l  songs  w i t h  l a rge  g a p s  ( a n d  l o n g  r ise  a n d  
fa l l  t imes ,  see D .  a n d  O. v o n  H e l v e r s e n  1983). T h e  
p r e s e n c e  o f  gaps  in  the  song  sy l l ab l e s  is p r e s u m a b l y  
u s e d  b y  the  m a l e s  to  r e c o g n i z e  the  sex o f  a n  an -  
swe r ing  p a r t n e r .  Th i s  l e a d s  to  t he  h y p o t h e s i s  t h a t  
th is  p r e - e x i s t i n g  n e u r o n  has  b e e n  i n t e g r a t e d  i n t o  
the  I R M  o n l y  b y  females ,  o r  b y  m a l e s  a n d  f e ma le s  
o f  Ch. bigut tulus  w i t h  d i f f e r e n t  m e a n i n g .  

I n  Locus ta  seve ra l  a s c e n d i n g  n e u r o n s  a n d  b r a i n  
n e u r o n s  h a v e  b e e n  i n v e s t i g a t e d  w i t h  r e s p e c t  to  
the i r  se l ec t iv i ty  to  p a r a m e t e r s  o f  the  c o n s p e c i f i c  
s o n g  ( R 6 m e r  a n d  S e i k o w s k i  1985). A m o n g  t h e m ,  
t he  A N 4  has  b e e n  t es ted ,  t oo ,  b u t  w i t h o u t  a n y  
o b v i o u s  c o n c l u s i o n  as  r e g a r d s  i ts c o n t r i b u t i o n  to  
n e u r o n a l  f i l te rs  in  th is  species .  T o  d a t e  we  d o  n o t  
k n o w  w h a t  o t h e r  f u n c t i o n s  the  A N 4  c o u l d  h a v e  
in  o t h e r  a c r i d i d  species .  T h e s e  q u e s t i o n s  s h o u l d  
be  t a c k l e d  in  a c o m p a r a t i v e  a p p r o a c h .  
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