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The nocturnal moths noctuids (Noctuidae) are the Noctuids can emit ultrasound clicks while they fly [3]. It
largest lepidopteran family. Noctuids have auditorwas demonstrated in the past decade that these clicles ser
(tympanic) organs located in the thoracic region, at tlas echolocation signals [4,6]. It was logical to assume that,
level of hind wings. Each tympanic organ (TO) containghen a noctuid emits the sounds, its auditory system is
two receptor cells responding to evoked vibration of thaptimized for the perception of the echo. The first purpose
tympanic membrane (TM). It has long since beeof this study was to test this suggestion. If it were to be
discovered that the moths use hearing for detecting tt@nfirmed experimentally, the moths' own clicks could be
echolocation signals of bats [10]. Having perceived thesed as the "reference points" when studying the adjustmen
presence of a bat, the insects can maneuver in time afhdhe TO acoustic parameters. The second purpose of the
escape the chasing predator. study was to show that the main resonance of the TO was

According to electrophysiological data, noctuids Ca%ctually retuned in intact moths.
perceive ultrasounds in the range from 10 to 100 kHz or Experiments were performed with 14 noctui@sdrgia
even more. The TOs have a peak of sensitivity in tipaleaceaEsp.) of both sexes, which were caught using a
interval 15-25 kHz, which results from the mechanicdbod attractant as a bait. The insects were tested under th
resonance of the TM [7, 11, 12]. tethered-flight conditions. To record the moths' own clicks,
used a B&K 4135 condenser microphone located 5 cm
ay from the experimental insect. The electric signals at its
tput were amplified, convened into rectangular pulses,
fed to the input of the regulated delay line. The delayed
Ises were used to trigger a generator of acoustic stimuli,
ich were tonal trains of pulses with a duration of 2.5 ms
d a time of the rise and the drop of the envelope
amplitude of 0.5 ms. We used two fixed delays of the
To test the results of electrophysiological studiebeginning of the stimulus relative to the moth's own click, 1
several series of experiments were performed with intaos (the first series of eight experiments) and 15 ms (the
animals [1,2]. Both the shapes and the absolute threshadsond series of six experiments).
of audiograms obtained under different experimental - - -
conditions substantially differed: most of the behavio%-rhe signal amplitude was calibrated by means of a B&K

It is generally believed that noctuids are incapable
frequency analysis, although the validity of this notion h
never been tested at the behavioral level. The conclus
on the inability of noctuids to distinguish frequencies i
only based on the fact that the shapes of the freque
characteristics of both hearing receptors of the TO
similar [13].

audiograms had no distinct maximum of sensitivity in t 35P;nv?/§sr téEgl#]e;sag(éBKjaer). An acoustic pressure of
range 15-25 kHz. To explain the observed discrepancy H '

the results, we put forward a hypothesis that the frequencyAn insect was considered to respond to the stimtibire

of the TM mechanical resonance is not constant in flyimgean spacing frequency of the moth's own clicks was
moths (in contrast to the results of acuteubstantially increased (by a factor of two or magainst
electrophysiological experiments); instead, it cyclicallfhe background of the interval of stimulation (k¥ and
varies within a certain range. To test this hypothesiiring the subsequent 2s of observation (Fig.The
experimentally, it was necessary, first of all, to learn tihresholds were determined as follows. At the noisel kinat
determine the moments ("reference points") in which thlee assumed to be subthreshold (1-3 dB below tlesltlotd),
parameters of the moth's auditory system are similar.  the response (increase in the spacing frequencycEghivas

not observed more frequently than once during three
Institute for Information Transmission ProblemssBian, successive stimulations; at the threshold level Of;ﬂ.m“lus'
Academy of Sciences, Bol'shoi Karetnyi per. 19.ddws the response should be repeated two or three times.
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Fig. 1. An example of the response of an experimentalumbd¢an increased frequency of click generationthi above-threshold

acoustic stimulation. The solid line shows the rsthovement in the horizontal plain; its rapid #ations correspond to individ-

ual flaps of the insect's wings. The vertical liaggginst the background of the oscillogram showntbenents when the moth emit-
ted clicks. The horizontal axis shows the currenetfrom the record onset; the solid rectangleshenaxis indicate the periods of
stimulation.

This was the quickest method to study the response An example of the spectrum of a noctuid's clickhiswn in
thresholds of the moths. the bottom of Fig2. As can be seen from the comparison

To fulfil the first purpose of our study, we applithe Petween the shapes of the spectrum and the audipgra TO
stimuli at a short delay (ms) after the emission of the Was “tuned” to the first spectral peak of the nsatt¥n signal.
moth's own click. Figure 2 (curv&) shows an averaged A different audiogram pattern was observed when the
audiogram constructed based on the results of itise f moths were stimulated with tonal pulse trains deday
experimental series. If the stimulus carrier fregiyewas relative to their own clicks for 15 ms, i.e., thene
increased from 10 to 4Hz, the response thresholdssjightly longer than half the period of wing flapgiin
{Qﬁ;fetgr}ﬁﬁﬁ rgﬁcr:adf%egb &E?rinrr;ﬁ]l?;ne]rir\éﬂﬁthgver is species of noctuids. Under these conditions of

9 b stimulation (the second series of experiments)ntae

and equaled 25 to 30 dB SPL. As the frequency as=eé - f th di b d in th
within the range 50-70 kHz, the thresholds alsoeased; minimum of the audiograms was observed in the

however, in the range 60-85kHz, the thresholdsy onfrequency range 25'30*25' i.e., the sensitivity optimum
slightly depended on the carrier frequency. was shifted "downwards" by ZMHz compared to the

preceding series (Fig, curve 2). The shapes of the
frequency-threshold characteristics obtained i $lries

36

Response threshold, dB of experiments were similar to the audiograms
constructed based on electrophysiological data.
I The possibility of tuning of the main-resonance fre
T quency of the TM was earlier demonstrated
I b experimentally [8]. The authors showed that thehmaot

34 -
327 tension of the TM and, hence, the frequency of its
mechanical resonance. Thus, the specificity ofatian
in the shape of behavioral audiograms may be ealai
— E E 1 by the periodic shifts in the TM mechanical res@ean
In our experiments (the first series), the auditory
system of noctuids could not be retuned in the range from

\\\\\\\\\\\\\\\\\\ 25 to 40 kHz during the moth's own click (about-0.1

~I/E\ auditory system has a feedback from the auditostesy
4 2 to metathorax muscles: muscle contraction changes t
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. 0.2ms) and the tonal pulse that followed after a 1-ms
% delay, because there was no enough time for thieps
Stimulus carrier frequency, kHz (N0 More than 4 ms). For comparison, note that the
average latent period of the electrophysiologieaponse
, o _to an acoustic click at the level of the tymparecve is
Fig. 2. The frequency-threshold characteristics of nostwd3 3ms [5]. Therefore, the "upward" tuning to a
obtained at two values of stimulus delay (t) relative to the f ) ) '

. e - _ requency of 40 kHz had to precede the moment of
moth's own clicks: =1ms and =15 ms. A scheme . . . - .
of the calculation ].éftthe delay isz)sf]own at the apthe ACOUStIC emission; i.e., the resonance may be shifted in
figure; an example of the spectrum of a moth's kedfasion  NOCtuids not only in response to acoustic stimulation,

click is shown at the bottom. but also spontaneously. The close positions of the main
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spectral peak of moth's own clicks and the region of the (3) the shift of the TM resonance to the high-frequency
maximum sensitivity of the TO (Fig. 2) on the main freregion makes the sensitivity of the noctuid auditory system
quency axis indicate the consistency between tle the ultrasound range above 30 kHz considerably higher
parameters of acoustic emission and perception at ftan that estimated from electrophysiological data.
moment of echolocation probing.
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We investigated the frequency threshold curves (audiograms) depending on the delay between moths own click and the following
short (2.5 ms) tonal stimulus. An insect was considered to respond to the stimulus if the mean spacing frequency of the its own clicks
was substantially increased. Moths (Enargia paleacea Esp.) were tested under the tethered-flight conditions. At a delay of 1 ms the
minimal thresholds were observed in the frequency range from 40 to 50 kHz, whereas increasing of stimulus delay to 15 ms caused
the sensitivity optimum to shift down to 25 kHz. This shift of the sensitivity optimum can be explained supposing that there exists
dynamic readjustment of the tympanic membrane mechanical resonance caused by longitudinal tension of the membrane towards the
conjunctiva. The moth's ability of quickly tuning the tympanic organs allows it to analyze the spectra of sufficiently long sounds
(sequential frequency analysis).
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