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RESPONSESOF THE TYMPANIC ORGANS OF CUTWORM
MOTH (Amphipyra perflua: NOCTUIDAE) TO
ULTRASOUND IMPULSES

D. N. Lapshin and M. V. Fedorova UDC 595.786:591.185.5

A compar ative analysis of the responses of the tympanic organs of cutworm moths to single and
paired acoustic clicks was carried out. Discharges of Al receptors produced in response to single
stimuli at a frequency of 25 Hz consisted of no more than four spikes, and the latent period of the
response initially decreased with increasing stimulus amplitude, and then increased at levels of
greater than 10 dB, in which conditions the threshold was altered. The senditivity of the receptors
was increased by a minimum of 3 dB when the stimulus consisted of paired clicks separated by an
interval of 0.15-1 msec. The temporal resolution of the tympanic organ was 4-5 msec. These results
are consdered fromthe point of view of echolocation as a means of orientation in the noctuid moth..

Moths of the family Noctuidae can emit short ultrasound sligkile flying [1, 8,12]. Behavioral
studies have shown that noctuid moths flying in the dark can avoisi@odl with obstacles only by emitting
sound signals [3]. These results tedhe suggestion that during the dark part of the day the roathsse
impulse echolocation to determine their spatial orientation.

In order to understand the operation of the echolocation systenotbf rit is important to obtain
physiological dateon the sensitivity and temporal resolution of their auditoryalesgusing short stimuli
which imitate probe signals. Some of tpeoperties of the receptor apparatus which limit the iggne
capacity of the echolocating system include:

- the threshold sensitivity, which defines the maximum radiuactibn and reliability of obstacle
detection;

- temporal resolution, which is needed for separating the pngidse itself and its subsequent echo.
In its turn, theecho signal can have a complex temporal structure, resultingréfbastion of echoes from
objects positioned at differendistances from the locator system. The ability to resohdividual
components of such a signal determines the linear resolution of the ayséems of spatial depth,

- the dynamic range and precision of measuring the amplitudeecihrtoming signal. In noctuid
moths, the direction of an incoming sound is determined from binatiededices [10, 13], i.e., on the basis
of amplitude analysis, ancbnsequently, both of these receptor properties depend on thadiraitgular
resolution of the echolocation system.

Initial evaluations of the threshold sensitivity of the tympani@osgof two species of noctuid moth to
short acoustisignals were published by Zhantiev et al. [1], who obtained vailfiéd dB for Barathra
brassicae and 65 dB for Agrotsegetum. For stimuli consisting of paired impulses separateshduy
intervals of time (0.6-3 msec), the thresholds were s@@#alB lower [2). This effect can be explained in
terms of temporal summation at the level of the Al auditagptr. Thesame report included initial data
on the temporal resolution of the tympanic organ of noctuid moths€d)rfy short clicksvith amplitudes
close to the threshold. The conclusions agreed with previously publisite [17], based on results obtained
by stimulating the tympanic organ with amplitude-modulated sound. Howthe question of the effect of
the amplitude of the incoming signal on the temporal resolution of the ocesepimains open.

The aim of the present investigation was to study the respohsles peripheral auditory system of
noctuid mothgo impulse signals resembling the moths' own clicks, and tosaseperception of paired
clicks separated by intervals of 0.15-10 msec.
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Fig. 1. Stimulating signal: (a) temporal relationships in a double stsn(lb) oscillogram of a single click.

MATERIALSAND METHODS

The noctuid mothAmphipyra perflua F. was used. Insects were trapped using mercury luminescence
lamps in the surroundings of Moscow in August, 1994. The thorax was ofmeeally as described by
Lechtenberg [9]. The activity of neurons in the tympanal nensemeasured using an extracellular tungsten
electrode. After amplification, electrophysiological responseiewecorded on magnetic tape. A total of 12
individuals of both sexes were used.

Preparations were stimulated with single or paired shomsticosignals imitating the moths' own
clicks (frequency 46 kHz, duration 50 psec) (Fig. 1). Signals were produced using a G3-56A generator fitted
with a device-for converting eontinuous sine wave signal into short impulses with the depi@perties.
The sound source was a condenser probe with non-linear amplitude-fregharacteristics of +5 dB over
the frequency range 15-90 kHz. This was calibrated using an RFT-OQ@Q8atus with an MK301
microphone (%2 inch) set to measure peak acoustic pressureuaiepl{in dB). A pressure of 0.00002 Pa
was taken as 0 dB SPL.

Single and paired stimuli were repeated in all experimanthe same frequency, with intervals of
40 msec. The intervals between individual impulses in paired stimwdi veeied from 0.15 to 10 msec.

Preparations were exposed to sequences of 100 stimuli withcdadeteof properties. Experiments
were performed in laboratory conditions, at a temperature of 18-Z0£(@ recorded on magnetic tape were
subsequently analysed by computer.

RESULTS

Responses to Single Impulses. The tympanal nerve of noctuid moths includes afferent fibera fr
two auditoryreceptor cells, A1 and A2, and from a B cell, which is thought ta peoprioceptor [18]. In
general, the B cell shows regulsggontaneous activity which is not affected by sound stimuli andsi$ye
recognized among tympanal nerve responses, apikss have an amplitude greater than that of the bursts
from the auditory receptors [11]. The latter have simitagdiencycharacteristics, but differ in terms of
dynamic range: responses of the Al cell to tonal stimuli hakieeahold some 20 dBwer than that of the
A2 cell [15]. In our studies, the electrophysiological response of the tympagao to stimulation with short
clicks did not include spikes from the A2 receptor and the impukbésh were recorded were taken to be
responses of the Al receptor.

At the beginning of each experiment, the sensitivity thresholth@fAl receptor of the tympanic
organ was determineasing single clicks. The threshold was defined as a probabilify8obf obtaining a
spike in response to the threshold stimulus. The threshold (Th) vallehwag1+1 dB.
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Fig. 2. Post-stimulus histograms of Al receptopogses to single impulse stimuli.
The horizontal axis shows the time elapsed from the moment of stimudenfaeon; the
vertical axis shows the number of spikes in a single detection channetgApi¥); the
tilted axisshows the relative amplitude of the stimulus from Th - 2 to P8 4B. Th is
the threshold amplitude (61 dB SPL). The resolution step is 0.1 msec/bin.

Studies of the effects of stimulus amplitude on the respong® ¢fmpanic organ were carried out
by increasing the signal level in discrete steps of 2 dBinggdrom a subthreshold value of Th-2 dB (i.e., 2 dB
below threshold). The resuth§ such an experiment are shown as a family ofgtosulus histograms in Fig. 2.

Depending on the stimulus amplitude, the Al receptor could respond to easti@impulse with
one or several (up four) spikes (Fig. 3). Spikes were numbered according to plsitions on the time
scale relative to the stimulating clicihat is, if a receptor burst started for example 6.5 msec #fe
stimulus (in the zone 11 peak of Fig. 2), this was considerbé the second burst regardless of whether or
not an earlier spike had been obtained.

At the threshold level, it was not possible to distinguish tret &nd second spikes in responses
because of the hidlvel of dispersion of bursts on the time scale (Fig. 2). In thditaibe range Th + 2 to
Th + 6 dB, the position of the firspike in the response increased in stability. The probabiligbtdining
the first (p1) and second (p2) spikes showed no significant variationhoweange (Fig. 4).

Figure 5 curvea shows the mean statistical relationship between the numbmpafses in a receptor
burst and thestimulus level (coefficient R); there is an initial rapigtiease in the response, reflecting the
parallel increase in pl and p2 as the amplitude of the stimulus signalsiedre

A third spike appeared in the receptor response from a stimuoipstede of Th + 6 dB. The
probability of its appearance (p3 on Fig. 4) increased sharphtioweange Th + 8 to Th + 10 dB. At higher
amplitudes, the slope of tloairve for p3 showed a sharp decrease, indicating that theitrarfsitm a two-
to a three-impulse response occurred over a range of only 2-3 dB.cféasia in coefficient R in zone Il of
curve a (Fig. 5) is determined by the corresponding increase in p3.

Further increases in the amplitude of the signal, to Th + 16 dB wat accompanied by any
significant changes ithe discharges from receptor Al. At signal levels of tgrethan Th + 16 dB,
responses from this cell could include a fowpike, though the probability of its appearance was no greater
than 0.6 even when the curve for p4 had reached a horizontal plateau at Th + 22 dBtandFige 4).

Figure 5 curve b shows the relationship between changes in #revalkle of the latent period of the
first spike andthe amplitude of the stimulus. Over the range Th + 2 to Th €#B,0the latent period
decreased from 4.2 to 3.3 msec asamplitude increased; at higher levels, there was a révergee trend
of this change: this sequence of changes in the Iptitd occurred in all insects studied. The error of the
mean depended primarily on variations in the position of the electrodhe tympanal nerve in different
experiments.
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Fig. 3. The electrophysiological response of the Al receptosiogie-impulse stimulus
with a peak amplitude of 75 dB SPL.
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Fig. 4. Graphs showing the probability with which sequential spikes appespionse to
stimuli of different amplitude. Numbers are the femof the spike in the electrophysiological
burst. Bars show mean errors.

Responses to Paired Stimuli. The temporal resolution of the Al receptor was studied ¢wee tof
stimulus soungbressures (Th + 0) to (Th + 2). (Th + 6) to (Th + 8), and (T4 )+to (Th + 16) dB. Using
single stimuli, these intensitiedicited 1, 2, and 3 spikes respectively (empty histogram Ibégs 6a-c).
Stimulation with paired clicks with an interval ®f= 0.15-1 msec increased the number of peaks on post-
stimulus histograms by one in all cases. Changes in the inteoxadrthis range had no significant effect on
the temporal structure of the electrophysiological response. lesré@mshe number ofpikes in receptor
bursts under these stimulation conditions apparently resutied ttemporal summation of the responses to
the two stimuli. A similar response could be obtained from thedllby stimulating the tympanic organ
with single clicks of high amplitude (+3 to 6 dB).

At low stimulus levels (Th + 0) to (Th + 2) dB with intervad$ T = 1-3 msec, post-stimulus
histograms of theuditory receptor responses showed increases in the dispefdioa latent periods of
spikes (Fig. 6a).



This suggests that thiffect results from superimposition onto the rhythm of receptastdbuf the
rhythm resulting from repeated clicks in a paired stimulus, which is ofasimagnitude.

At T periods of greater than 3 msec, responses on post-stimulograms were separated into two
distinct groups, separated by an interi) Which increased with increasesTinAt T periods of greater than
5 msec, the relationship between the magnitud&safdT approached the linear (Fig. 6a, Fig. 7a).

In order to confirm that the receptor responded sequentiallyctost@nulus click at levels of (Th + 0)
to (Th + 2)dB, Al responses were analysed for spikes forming synchronoiblyh& stimulus pair. Such
spikes were found to accoufar a little more than half of all spikes (Fig. 8), i.e., theeqgor responded
sequentially to both acoustic impulses in a pastddulus in only half of the presentations. At signal levels
close to the threshold, the probability of this event decreased widages in the interval

At stimulus amplitudes within the range (Th + 6) to (Th + 8) dBctrophysiological responses to
paired clickschanged with the interval between them as followd: at3 msec, the dispersion of the third
histogram peak increased (Fig. 6b), and a fourth peak appeared 4tmsec; this peak became clearer in
responses to pairs of clicks separated by5 msec.

Al receptor responses to separate clicks followed a sip#@tern at stimulus levels greater than
(Th + 14) dB. Thamain differences were in the changing form of the fourth patthese higher intensities,
the fourth peak was clear at all valued dfig. 6¢).

Fig. 7b, c shows averaged plots of changes in the interval bethedinst and third peaks on post-
stimulus histogramwith increases if. The low dispersion of the peaks at high stimulus levels atidive
natures of changes in the peribdo be studied over the range 2T 4 msec. The temporal resolution of
the auditory receptor clearly showed little dependemicethe signal amplitude, and averaged 4 msec
(corresponding to the elbow in the graph).

DISCUSSION

Increases in the sensitivity of the receptor apparatumaamingful as long as the sound level at the
entry point is nogreater than the threshold. At greater levels of deitgjt noise creates a constant
background excitation of the receptors, whieduces the real dynamic range of the auditory system as a
whole. Touching of the rear wings at the upper point of their reahgevement creates a sound of 62 dB in
the cutworm moth Agrotis segetum; these impulses have a péitrsm (up to 12%Hz) whose peak is
around 46 = 9 kHz [19]. Since the spectrum of the moth's own signaisiilar to that of the stimulised
[1], the sensitivity thresholds for this species of cutwanoth for impulse signals (65 dB SPL) [1] is
comparable to thamplitude of flight sounds (62 dB SPL). This small difference3 dB, suggests that the
threshold sensitivity of the cutworm maotympanic organ is determined by the level of external noise and
cannot be significantly reduced. By analogy, the sensitifitgshold ofA. perflua (61+ 1 dB SPL) is
presumably also determined by external noises. This may explalavihlevel of individual variation in
threshold values.

The curve in Fig. 5a shows that the upper limit of the dynaamige of the Al receptor can be taken
as Th + 20 dBResponse saturation occurred at values greater than thisn \ttighdynamic range of 20 dB
(the lower limit being defined by the threshold value), up to four impubse®e expected in the response of
the receptor to single stimuli, i.e., amplitudesigcoded into five levels (including 0). However, the actual
number of levels is clearly lower, because of the lows(tean 0.6probability that the fourth spike will be
produced.

The process of a single action of the echolocation systepivas/ingress into the tympanic organ of
sequential acousticlicks emitted by the noctuid moth and the echo signal, whichrggneonsists of
several impulses which are delayed relativéhe insect's own signal to extents proportional to the distances
of the objects being ranged.

Calculations based on comparisons of the expected amplitudes dieckftécks and the sensitivity of
the auditoryorgans of moths to these signals have demonstrated that the afatige cutworm moth
echolocation system is 10 cm [1]. Aftegflection, the emitted sound signal returns to the moth after an
interval of 600 psec. Our measurements show that the temporal resolution of the Al receptor is 0.4 msec. so
that separate perception of the direct and reflected signatgossible at th&evel of the tympanic organ.
Nonetheless, cutworm moths can sense echo-like stimuli followitlgsmall delays relative ttheir own
signals [3]; the physiological mechanisms involved in the d¢amebus action on the tympanic organ of two
impulses - the probe click and the echo - should therefore be assessed.
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Fig. 5. The relationship between the coefficiBrand the amplitude of th&timulus (a)
and plot of changes in the latent period of the first spikeurstsfrom the Al-cell (b).
Zones| + II, 1ll and IV denote regions of rapithcreases in the probabilities for,
respectively, the first, second, third, aiedirth spikes in electrophysiological responses.
Bars show mean errors.

An approximate evaluation of the amplitude of the insect's owraka the entrance of the tympanic
organ can bemade, assuming that the moth's thorax operates as a spherittet eharacterized by a
hyperbolic relationship betweetoustic pressure and distance [5]. Using this assumption, thiéuaimpuf
the signal acting on the tympanic membrane can be expressed by:

P=P;+20 Ig@&/R) dB, (1)

whereP, = 76-94 dB, i.e., the measured acoustic pressure of the noctuid 8gnais at a distance
=20 mm, andR = 3 mm, i.e., the average radius of curvature of the moth's thtsrdds. = 76 dB SPL, the
amplitude of the sound acting on the membraf392.5 dB SPL, oP = Th + 31.5 dB; aP, = 94 dB SPL,
the value o = 110.5 dB SPL, oP = Th + 49.5 dB.

Allowing for dispersion of the wave and losses due to reflectiom obstacles leads to the
expectation that thamplitude of the echo at the entrance of the tympanic orgdnb&ian order of
magnitude less than that of the emitted impgtseasured at distance A from the moth) [1], and is 56-74 dB
SPL ((Th - 5) to (Th + 13) dB). The lower limit is below theeshold by 5 dB, and such signals will not be
perceived. Thus, the expected dynamic range of echo perceptiaithigsthe limits Th - (Th + 13) dB. At
the entrance of the tympanic organ, the amplitude of emitted acoungiulse can exceetthe reflected
impulse by 31-36 dB (35-63 - fold). At such a large ratio of emitted efbeated signals, the
electrophysiologicatesponse will be determined only by the moth's own first acongpiglse, and addition
of the echo cannot elicit an additional spike in the dischaage fine receptor by the mechanism of temporal
summation. Thus, the question of the mechanism of perception of asigstits, following each other with
small delays relative to the insect's own click, remains unanswered.

It may be suggested that the Al receptor does not respond to strong méstiamitation such as the
insect's own signal, or mat the response to this type of stimulus is sigtiifizveaker.

Apparently, the generator potential arising in the Al celtdsponse to a high-amplitude acoustic
stimulus has aduration comparable with the total duration of a single burstlefol i.e., several
milliseconds, so the depression of ttesponse of Al to the insect's own signal should be associated
primarily with blockade of the process involved in generatimg receptor potential at the moment of
emission of the click. This hypothesis overcomes the basicactiction, though itrequires the receptor
membrane to have special properties.



An additional effect should be considered in relation to the preselsg which acoustic signals
interact at the entranad the tympanic organ. A strong acoustic blow elicits the spording perturbation
of the tympanic membrane, in which thibrations settle down after the stimulus ends. Perception of the
echo requires the amplitude of these vibrations at the tireehuf arrival to be no greater than the response
elicited by the signal of interest.

We will assume that the tympanic membrane is a lineaemsysthich can undergo deformations
whose amplitude is proportional to the sound pressure level. After the dreedftérnal stimulus, vibrations
die down exponentially with a time constan@he quenching time of the membratjecén be determined if
the initial (110.5 dB SPL) and final sound pressure leaetsknown; taking the threshold as Th = 61 dB
SPL, this is given by:

t=T(P-Th)/[20 lg@)], (2)

wheree = 2.71828.

Studies of the mechanical responses of the membrane to wimles carried out using a laser
vibrometer as describday Schiolten et al. [14]. Their data indicate that 61 psec. The quenching time
constant can also be determined usindiograms. In this case, the resonance frequeneynd the quality
factorQ are read directly from a graph [4]. The time constant is calcudatamtding to:

7 = Q/(TF) sec. (3)

At Q = 2 andF, = 20 kHz [4],7 = 32 psec.

The shape of tympanic organ audiograms simultaheoeffects the amplitude-frequency characteristics
of the mechanical structures of the tympanic organ, which include thelaiomal sensilla and ligament as
well as the tympanic membrane [7]. This explains the large divergemngality factorsQ = 4.8 in [14] and
Q = 2 in [4]. Since the time constastproportional tdQ, the value of in the first case will also be greater.
Substitutingr = 61 usec into equation (2) gives a quenching time t = 350usec, 7= 32 psec gives t = 182 usec.

Since vibrations of the membrane provide the input signalhi®rAl cell, the minimum period of
insensitivity of thisreceptor to incoming impulses must be determined by the magnitud&etavioural
studies have shown that moths gamceive echo-like stimuli 20@sec after emitting a click [3], suggesting
that the process of quenching of the receptor response to thésinsetsignal must be essentially complete
by this time, that isf < 200usec. The period of receptor insensitivity (182-200usec) determines the
minimum distancel,)) for detection of an obstaclB;, = 3-3.3 cm.

Studies of the response of the tympanic organ to paired stsepkrated by 0.15-1 msec have
demonstrated that thresponse of the Al cell is equivalent to the action ohgleihigh-amplitude (+3 dB,
min.) signal. This result can be explainedterms of temporal summation at the level of the auditory
receptor. In real situations, sequences of acoustic impulsed b®eixpected to arrive at the entrance of the
tympanic organ with small (0.15-0.3 msec) intervals between themm thikeprobesignal is reflected from
obstacles with complex surface shapes, such as leaves, khaf benge trees, undergrowth plant steansd
so on. It should be noted that a 3 dB increase in the amplitutie aidoming signal allows the maximum
distance limitof the echolocation system to be increased 1.4-fold, or allows @aggin the precision with
which nearby obstacles are detected.

The ability to perceive two objects separately when threyiacated at different distances from the
insect's bodydepends on the temporal resolution (4 msec) and the sensitiviiyeoécholocator. The
corresponding distance between talostacles at different distances in the same direction, fazhvthe
tympanic organ can separately perceive reflections, is 67 asiwvalue is greater than the calculated radius
of action of the noctuid's echolocation system, even in conditioakftereflection [1]. This indicates that
noctuid moths can detect only the closest obstacles, whichegh@es with amplitudegreater than the t
tympanic organ sensitivity threshold.

Moths determine the direction from which a sound arrives by usimaural amplitude differences.
Each auditory orgahas a direction diagram whose maximum is oriertesh @angle of 90-110° to the longitudinal
axis of the insect's body [13}inaural differences reach 20 dB [10]. This is greater tharattual dynamic
range (13 dB), and the angular resolution of the auditory system will bendetdrby the latter value.

The data obtained here allow the angle, relative to the long#udkis of the moth's body, at which a
source ofacoustic impulses of amplitude Th + 13 dB must be located in twdenange the number of
spikes in a receptor burst by one.
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Fig. 6. Post-stimulus histograms of Al receptor responses tod pstirauli of
different amplitude: (a) Th + 2; (b) Th + 6; (c) Th + 14 dB. Empty columns
indicate post-stimulugistograms for single stimuli (control). The horizontal axis
shows the time period from thmoment of action of the first click in a paired
stimulus; the vertical axis shows the numbespikes in a single detection channel
(spikes/bin); the inclined axis shows the interbatween the first and second
clicks In the stimulusT), in msecD is the interval between tlseparate responses
of the Al receptor. The resolution step was 0.2 msec/bin.



TABLE 1. Values of CoefficienR at Different Visualization Angles

Anglegp, ° -90 | 60| -42 | -26 | -13 0 13| 26| 42| 60 9C

R(spikes per stimulus)ofthe 0 | o | 1 | 1.7| 2| 21| 24| 27 271 27 28
ipsilateral tympanic organ

R (spikes per stimulug)fthe| 28 | 27| 27| 27 24 214 2| 17 1 o d
contralagéral tympanic organ
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Fig. 7. Averaged plot of changes in the intervals between the fust and spit@sds the
Al receptor response (vertical axis) at a paired stimanyditude of Th + 0 dB (a), and
between the first and third spikesaabplitudes of Th + 6 dB (b) and Th + 14 dB (c). The
horizontal axis shows the interval between clicks in the double stimulus
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Fig. 8. The probability that an Al receptor response will otzwwach clickin a double
stimulus with difference values of the interialThe stimulusamplitude was Th + 0 dB.
Bars show mean errors.

Direction diagrams for the tympanic organs are presentedrd®ids [4, 5] whose axes are oriented
perpendicular to the insect's body. The signal level at the entradezip§iiateral tympanic organ is:

P, =20 Ig{[l + Esing]/(1 + E)} + Th + 13 dB. (4)

Similarly, the signal level at the entrance of the contralatergdyic organ is:



P«=20Ig{[1 -Esing)/(1 +E)} + Th + 13 dB, (5)

whereg is the angle between the longitudinal axis of the insect andirénaion of the sound source
(the visualization angle), E is a parameter determined experilgerdaa binaural difference of 20 dB [10],

E = 0.818. Values of coefficierR, calculated from equations (4) and (5) using the graph in Fig. 5a, are
shown in Table 1.

Calculated values for coefficiedR for the ipsi- and contralateral tympanic organs depend on the
visualization angle of the sound soutte

The expected magnitude of the response to a single spikéhia tie range over which the angle
can change: 60° - 42° = 18R € 1), 42° - 13° = 29°R = 2), and 26° - (-13)° = 39R(= 2.7). At §p| = 60-90°,
binauraldifferences are virtually independent of the visualization anties is a result of the initial limit of
dynamic range (13 dB)hus, the minimum range of the visualization angle, within whichntimaber of
spikes in a burst changes by one, is 18°. Vhige is the angular resolution of the auditory system in moths
in the horizontal plane.

Impulse echolocation in noctuid moths consists of a sequence ohteepets of probing surrounding
space; the rapid movement of the moth relative to surrounding obstatlks ire very significant changes in
the acoustic information arrivingt the entrances of the tympanic organs from probe signal te prohal.

For this reason it is difficult (though in some capessible) to compensate for errors in ceding the signal
amplitude (which result from the probability of a signal beaiegresented in the receptor resporge?,

p3)) by repeated probing. Since the contralateral tympanic olgarshowsinaccuracy, the direction of an
incoming echo can only be determined with a particular levelregigion, which also depends the
distance to the obstacle, its geometric shape, the coeffioferdflection, and so on. Inaccuracy in the
responses frorauditory receptors will have the greatest effect on ifjémg the direction of a sound source
at small visualization angleg & 26°), when the expected binaural difference in the bursts frerauditory
receptors is no more than one (Table 1).

Theoretically, moths could evaluate the distance to the dibgget) ranged using the delay time of the
echo relativeto the click itself. This time will be summed with theelat period of the first spike in the
tympanic organ response. Over thage Th + 0 to Th + 10, the latent period decreases monotoni€igly (
5, b). Since closer objects will, on average, give stronger echoelgl#lyein the acoustic signal and changes
in the latent period could act in the same direction with absinrgdistance to the obstacle. However,
considering the large number of other factors affecting thé tduhe reflected signalt is likely that the
primary function of the echolocation system is to provide simetias detection of obstacles and crude
identification of their positions (right, left, straight aheaHhis information may be sufficient for moths to
select their next move correctly.

The authors would like to thank Professor of Biological Scierce. Byzov for valuable comments
and discussions during preparation of this article for publication.
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