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Echolocation in Noctuidae (Lepidoptera)*

D. N. LAPSHIN, M. V. FEDOROVA, and R. D. ZHANTIYEV
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Abstract. The adaptive significance of ultrasonic clicks in flight redctuid
moths was studied. Three series of experiments were perform#ee first one the
ability of moths to discriminate between their own clicks arartecho was studied
(Fig. 1). The results have shown that noctuids can distinguish dxettheir own
signals and artificial echo-like stimuli following the clicksth delay of 0.2 ms (Fig.
3). In the second series of tests we examined the capabilityireg fihoths glued to a
thin wire to avoid artificial obstacles in complete darknésg. (2). We recorded me
number of contacts with two types of comer reflectors. Ondefaflectors had the
coefficient of ultrasound reflection at frequencies above 40, kihice as high as
another one. Moths with intact auditory organs were found to be wepable of
avoiding collisions with obstacles of higher ulbasd reflection (Fig. 4). Perforation of
the tympanic membrane resulted in loss of ability to discriminateees two types of
reflectors. In the third series of experimentsabgelation between length of periods of
sound emission and number of moths calling with two types of sphegileadtors was
studied. Flying moths emitting sound were able to cavabstacles having higher
ultrasound reflection, while during flight without clekhe number of contacts with
both types of reflectors was approximately equal (Fig. 5). Thesdts suggest that
some noctuid moths can use echolocation for orientation in flight.
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Many species of Noctuidae during flight may produce ultrasound sepuklicks) in the rhythm of
wing movements. The function of these signals has been diddusthe literature (Roeder and Treat, 1957,
Kay, 1969; Agee, 1971, Zhantiev et al., 1993). However, until now, evidemigming any role of these
sounds in the behavior of the moths has been lacking. Analysistofde of the clicks and behavioral
situations in which they are emitted suggests that #mey not a mean intraspecific or interspecific
communication but may be used for spatial oriemtadit low light intensity, in other words for ecbcdtion.
Study of this problem is the major aim of this work

The proposition that Noctuidae are capable of echolocation veastiggested by Roeder and Treat
(1957). These researchers established that the maximal distamtich the tympanic organs Bfodenia
eridania reacted to clicks of other individuals was 20 cm. A simikdue was obtained after calculations of
the maximal distance of communication founded on the intensityiaks of Noctuidae and sensitivity of
their hearing organs to similar stimuli (Zhantiev et al., 1993).

The radius of sensitivity of an echolocation system with lamparameters of emission-receptory
track, taking into account me coefficient of reflection frontural obstacles (mean value 0.5), is 5 cm.
Sound passes over this distance twice during a total time of 0.3 ms.

*Qriginally published in Zoologicheskiy zhumal. Vol. 72, No. 9,1993, pp. 93-104.
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A powerful acoustic strike appearing as a result of thestomf the insect's own acoustic impulse is
probably followed by the returning reflected signal. For normalkwalr an echolocation system it is
necessary that hearing organs of Noctuidae could receive lareféection from the obstacle signal with
minimal delay after the insect's own click. Therefore, out fask was to investigate the reaction of noctuid
moths to short ultrasonic stimuli mimicking the echo produced by a moth'ssiespatl a distance of 3-5 cm.

Our next task was to check the capability of moths to loaateunding objects by using ultrasonic
probing signals. In designing such experiments it was necessagynember that during flight an insect
creates disturbance of the surrounding air in the form of alternaiintiges (Brodskiy, 1988). These vortices
would interact with objects near the moth and become distorteshakt distances the moth senses such
changes with its mechanical receptors rather than usingoeation. To exclude possible effects of
aerodynamic air disturbances in ethological experiments we weetyppes of angle reflectors as alternative
obstacles having different coefficients of reflection ofadtmic waves and insignificant differences in their
acoustic properties at frequencies of wing strokesflyfing moth. According to our working hypothesis s
using echolocation must touch obstacles poorly reflecting the alimdsmore frequently, and with absence
of echolocation the number of contacts with various types of reflectors woajapbeximately the same.

In the concluding series of experiments we studied the influgihclecks on the capability of noctuid
moths to distinguish obstacles in darkness differently reflectingsalirals.

MATERIALSAND METHODS

In laboratory experiments we used noctuid moths caught using lightrafrcury-fluorescent bulb in
the vicinity of Moscow. In experiments on the reaction of mothhm-dike stimuli, behavioral responses
were obtained from the following speciesestia c-nigrum and Agrotis segetum (2 @ s of each). In
experiments connected with the investigation of the capalafitynoths to avoid obstacles we used 166
specimens of noctuids of both sexes belonging to 23 speégestis segetum Schiff., Aplecta nebulosa
Hufn., Apamea fucosa Frr., Amphipyra perflua F., Archanara sparganii Esp., Autographa gamma L., A.
pulchrina Haw., Catocala nupta L., Cerastis rubricosa F., Cosmia fulvago L., Crino satura Schiff.,
Diachrysia chrysitis L., Eurois occulta L., Hypena proboscidalis L., Hydraecia micacea Esp., |pimorpha
subtusa F., Mythimna turca L., Phragmitiphila typhae Thnbg., Plusia festucae L., Scoliopteryx libatrix L.,
Tholera popularis F., Xestiabaja F., andX. c-nigrum L.

Among moths tested 69 flew poorly under laboratory conditions, anéféiherdata of only 97
experiments were used.

A model of the device used to investigate reactions of mothshim-l&ke stimuli is shown in Fig. 1.
An experimental insect was held with beeswax on a thin tin m@ehanically connected with a curtain
controlling a light beam in the phototransmitter. An elecsignal from its exit came to an S8-13
memorizing oscillograph. This system allowed recording shifts of tith from the horizontal plane when it
attempted to maneuver. Photoresistance used in the ultrasound ggragsite was plugged into the bridge
model in such a manner that when the moth moved toward the souheesamfund or away from it the light
beam on the screen of the oscillograph moved accordingly upwatowsrward. To record clicks of the
moth we used a condenser microphone (RFT MK301 and preamplifier R2ZDM placed 2 cm above the
insect. The electric signal of the click was transmittexsnf an RFT 00023 microphone amplifier to the
electronic generator, which generated a short impulse 50 msrafterding the moth's signal by the
microphone. This impulse could trigger controlled generator of ttiifecial click (made in the laboratory)
and connected with the condenser of the radiation device (RFROK The latter was placed beside the
moth 3 cm from its longitudinal axis. The total signal delayet{including the time of distribution of sound
waves from the mom to the microphone and from #reegating device to the moth) was approximatelyr@?2
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Fig. 1. Diagram of the experimental setup for study of reaatif moth to repeated short acoustic clicks
(echo-like stimuli): M - microphone, MA - microphone amplifi&,- generator of short acoustic impulses,
CS - condenser speaker, PR - photorecorder of mechanical movelmssts solid line shows trajectory of
moth's flight, turn downward indicates movement of moth away fouance of sound. Dots above this line
indicate moth's own clicks and dots below the line indicate echo-mimickimgliti
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Fig. 2. Diagram of the experimental setup for staflgcholocation capabilities of noctuid motkié; - obstacles
well reflecting ultrasoundd/ - obstacles poorly reflecting acoustic impulses in direction of saireeund.
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The intensity of echo-like stimulus near the tympanic orgathefmoth was 74 and 71 dB SPL at the
frequencies constituting the artificial click 30 and 50 kHéspectively; the duration was equal to 2 periods
of carrying signal. For visualizing moments of generation wasbund impulses by the moth and generator
on the screen of the oscillograph simultaneously with their appesgraright dots were formed above and
below the oscillogram according to the movement of the insect in relatioa éortilssion device.

To determine echolocation capabilities of noctuid moths we usatbasel type of device (Fig. 2). To
secure conclusive interpretation of results we conductedimgrgs in complete darkness. Moths were held
with beeswax to a fine wire 40 cm long, which allowed them tonfighe plane of movement of the insects
about a circle of 40 cm diameter six obstacles of two types placed: either angular reflectors (first series
of experiments), or spherical obstacles (second series of megmes). Length of the wire holding the moths
was chosen in order to allow insects to alight on any avaitefikctor, but not to allow it to fly below the
level of reflectors.

Each angular reflector was made of 3 plates 30 mm in dianhetdre tyge W reflector all 3 plates
were in mutually perpendicular planes, and in typplates were at an 80° angle to each other. Acoustic
properties of such systems in the ultrasonic range werergtitf the typeV reflector reflected acoustic
waves at a reflection coefficiekt= 0.5 at a frequency of 45 kHz, and typeeflected acoustic waves in a
direction away from the source, except directions perpendicular to faeesof its own plate@ = 0.25). In
relation to the low-frequency waves formed by the flying insefiectors of both types did not differ
significantly, because their size was considerably less than tleelaragth.

The spherical obstacles that we used also had different mcpiagierties. As an obstacle to reflecting
ultrasounds relatively well (typ® we used plastic balls 4 cm in diameter, covered wittallietmesh. The
reflection coefficient of such bal{&K= 0.4 at 3 cm from its surface) depended little on the angleeditect
acoustic wave and therefore a moth could sense these obstaldpsndently of the angle of its flight.
Spherical obstacles of tyge were net-like spherical structures of the same dianasetéractually did not
reflect acoustic waveg = 0.05).

Each reflector used in the experiments was connected with asmdunali preliminary amplifier with
high entrance resistance (3 MOm). Through the tethering wiretingeceived a potential of 5 V. When any
part of the insect's body touched the reflectors on exits dfgmary amplifiers an electric impulse was
emitted. These signals were electrically summarized BycBannels and after additional amplification and
transformation were recorded in the 2-channel microphone.

In experiments with spherical reflectors, besides recording nuofouches of obstacles by the
moth, sounds produced by moths during the flight were also recorded. For this purpiseaden acoustic
locator with a parabolic reflector 1.5 m from the centehefdevice. Signals recorded by this device, after
transformation, were recorded on a tape recorder along withmafmm on the touching of obstacles by the
moth.

Experiments were conducted in the laboratory at 18-22° temperature.

Statistics, m experiments investigating the capability of moths to avollisioms with obstacles we
recorded separately the number of contacts of the insecteaith type of obstacle. The significance of
differences between values obtained for each individual was evaluated with 4 criterion. The total number of
contacts with reflectors varied widely and depended primarilfthe general duration of flight. The mean
number of contacts in one experiment was 58; distribution of/ghige among all experiments was close to
Maxwell's distribution. Because the significance of expemitaedata was in the comparison of reactions
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of moths to obstacles with different coefficients of reflectdrmcoustic waves, in later treatments we used
the parameter = In (P/P,), or T = In (P,/Ps). whereP, (P;) is the number of contacts with obstacles with
low coefficient of reflectionP,, (Ps) is number of contacts with obstacles with good reflection of ultraisou
Evaluation of significance of differences among distributiongabies ofT was based on Student and Fisher
criteria (Lakin, 1990).

RESULTS

Reactions of noctuid moths to echo-like stimuli. Stimuli-mimicking echoes of moth's signals were
offered only after the insect showed stable emission of di@ks-2 s. The character of behavioral reactions
to the echo-like signals varied in different individuals. Eghkes are shown in Fig. 3. It should be noted that
the emission of a moth's own clicks did not have any effethi@maneuvering of the insect. Changes in the
character of flight on both oscillograms coincided with the moroktiie beginning of the stimulation with
echo-like signals. In Fig. 3A the movement of the moth from theceoaf the sound (negative phonotaxis)
began immediately after the first impulse stimulus wasredfeFurther stimulation led to a change of the
type of maneuvering, displayed in chaotic movement of an insect in a horizontal plane

Figure 3B shows another type of response. The first offéreoétho-like signal caused termination of
generation of the mote's own clicks, but did not affect the ingkgkis Continuation of the stimulation after
the moth had resumed generation of sounds was followed by a clmaitgeflight activity. In this case
amplitude of shifts in a horizontal plane decreased, which prplvedd associated with the beginning of
more even and rapid flight. Termination of the stimulation led to the agistorof the original flight activity.
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Fig. 3. Reactions of noctuid moths to echo-like stimuli: A - neggth@notaxis X. c-nigrum), B - change of

flight of A. segetum. Continuous lines show shifts of moths in horizontal plane. Dotseabimse lines

indicate moth's own clicks, and dots below the lines indicate impdbho-mimicking stimuli 0.2 ms after
moth's signals. Fluctuations of lines correspond to individual wirdkess. Arrow indicates moment of
ending stimulation. Time mark, 200 ms.
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Fig. 4. Histogram of distribution of results of experiments fiudg of echolocation
capabilities of noctuid moths.= In (P/P,)), whereP, indicates number of contacts of obstacles
reflecting ultrasounds, arfe), is the same for obstacles well reflecting ultrasonic waves.

Therefore, noctuid moths were capable of distinguishing their agwals from artificial echo-like
stimuli followed by a delay of 0.2 ms, which proves the possibility of 8&ising acoustic signals reflected
from close objects.

Investigation of capabilities of noctuid moths of avoiding collisons with angular reflectors.
Histogram of distribution of results of tests of 35 specin@nsrious species is shown in Fig. 4. In area
"0" on the horizontal axis, results of those experiments in whigtimber of contacts with reflectors of
both types was approximately eqR| = P,) are shown. Results of experiments, in which moths mostly
touched reflector¥ are to the right of "0" while negative valuesTotorrespond to those experiments in
which contacts with obstacles of typ¥ relatively well reflecting sounds were predominant. Analyi
results obtained allows distinction on histogram of 3 groups msid as P1, P2, and P3. The latter is
characterized by large values of the coefficiet = 0.7 :P/P,, > 2). In 3 experiments differences in the
number of contacts with different type reflectors were significant according to the %> criterion C. fulvago,
T=0.7; A pulchrina, T=1.2; E. occulta, T =1.5). Evidently these moths distinguished obstacles with
different acoustic properties, and the predominance of contitbtpoorly reflecting ultrasound sounds was
not accidentalP > 97%. In other experiments, the total number of contacts wasuffmient for significant
evaluations of this criterion. Therefore we should note thidt an increase of efficiency of the echolocation
system the probability of collision of the moth with reflectdrbath types should decline. Therefore, it was
impossible to obtain large initial numbers in all experimentss Thact considerably determined the
specificity of treatment of obtained results.

Repeated testing of noctuid moths under the same conditions, butaftage of their tympanic
membranes showed that as a result of this operation moththsability to sense differences between
alternative reflectors, and also that the total number oistis with obstacles during the same period of
time increased. Thu€;. satura normally touched typ¥ reflectors more ofterle 1: P/P,, = 2.7), and after
damage to its tympanic membranes the number of contacts with thpes of obstacles became
approximately the saméd € 0 :P,/P, = 1). The total number of contacts in this case doubled. The latter f
may indicate that an intact moth is capable to some extenhsihgean echo from typé obstacles having a
lower than W coefficient of reflection.

The P2 group includes results of those experiments in which cemtdbttypeV reflectors were also
predominant, but not as much as in the P3 group. At first glamoayitbe supposed that moths of the P2
group possess a lower sensitivity to echolocation system, but acibises are also possible. Analysis of
records of experiments proves that frequency of contacteahtith with different types of obstacles may
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Fig. 5. Fragment of record of experiment with perflua on study of the moth during flight with simultaneous
recording of generation of ultrasounds (upper li@®) lowerline, vertical lines mark moments of contact with
respective reflector. During active emission of diakoth touched obstacl&well reflecting sound less
frequently. Mark time 10 s.

vary considerably in the course of the experiment. For exaiptae experiment. nupta during the first
100 s of flight touched andW reflectors with equal frequenc{P,, = 1), and during the next 180 s it
touchedV twice as often a8V. Similar unequal frequency in the number of contacts was olosatse in
some other experiments with group P2. It is most likely thatcthese of this phenomenon may be in
constant generation of acoustic clicks by the moth. Evidently, matimg echolocation are capable of
sensing obstacles only during generation of ultrasonic sigmalsjwaing its flight without clicks frequency
of contacts with reflectors would have a random character and would not depenid acotlngtic properties.

The P1 group includes results of experiments in which moths touchHedtaes of both types with
approximately equal frequency. Despite the fact that irhe#ié experiments values Divere close to zero,
frequencies of contacts with obstacles differed significantigifferent individuals. A considerable number
of experimental moths during me first 300 s of flight contactedacles 50-70 times, whereas some
individuals ofA. gamma, S libatrix, and other species during the same time made 10-30 contasenis
likely that noctuids touching obstacles frequently did not ukelecation during the experiment. Quite the
opposite, in moths with low frequency of contacts it may be suppoatthéte was such a capability of the
echolocation system that they avoided collisions with reflectors of bois.ty

Influence of the emission of ultrasounds on the capability of noctuid moths to navigate in space.
In this series of experiments angular reflectors were sutestiby spherical obstacles of two types different
in their acoustic properties in the whole range of wavelenttbieg the acoustic locator permitted tracing
changes of the emission of ultrasounds by moths during relatively istervals of time and to find changes
in the behavior of experimental insects. When an experimeméth did not click during flight, it was
possible to evaluate its capability of sensing an approachingotd$fiecause of the distortion of air vortices
produced by each wing stroke, because the mesh balls, unlike pkfgj used in these experiments created
insignificant aerodynamic resistance. The model of the entiieedand its size in this series of experiments
remained unchanged.
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Fig. 6. Distribution of results of ethologic experiments on gdimeraf echolocation
capabilities of noctuid moths taking into accouneéit emission of ultrasounds:
A - experiments in which moths did not produce ultrasounds; B {exg@s in
which clicks of moths were recorded; C - results of experimef group B, but by
segments of time when ultrasound emission did not take placearDe- Isy segments
of time with active ultrasound emission.

The total number of moths of both sexes was 106. Among them, 44 methspdiorly under
laboratory conditions and therefore we used data of 62 experimentsSimiyitaneous recording of moth
clicks and contacts with ball obstacles showed that during tlgsiem of sound moths less often touch
obstacles that reflect ultrasound well (Fig. 5). After sound starisvas terminated, the number of contacts
with obstacles of both types became approximately the same.

Taking into account the absence or presence of ultrasolgkdgeneration during the experiment
results of all experiments were divided into 2 groups and i gagup histograms of distribution of
coefficientT were assembled (Fig. 6).

The histogram in Fig. 6A is based on data of 26 experiments with moths which dictkoucing
the experiment. Maximum of distribution occurs at pdint O; in other words there was no preference
between contacts with either type of obstacle. This groupded those species in which earlier ultrasonic
clicks were recorded, for exampld, micacea, A. perflua, E. occulta, etc.
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Group B (Fig. 6B) includes results of 35 experiments in whiclva@mission of ultrasonic signals
was recorded. In this group the distribution differs from thatideed above, it is characterized by a shift in
the direction of positive values df, in other words, in these experiments moths more often touched
obstacles not reflecting sounds.

Because in experimental moths emission usually took place dwtitagrcintervals of time, this gave
us an opportunity to find differences in the behavior of moths lesgtyweriods when they produced or did
not produce sounds, which resulted in our experimental recordings. Stndfanumber of contacts we
calculated coefficienT rounded to 0.1 and whether clicks were absent; the resulinekgled in the
histogram of group B, while clicks were produced in group D. Parexpériments in which occasional
clicks were recorded were not used.

The distribution of group B did not differ from that of group A (F&; in other words, if sound
emission was absent, experimental moths did differentiate betweerothyp®g of reflectors.

The distribution D (Fig. 6D) is of more complex structure and cansisseveral groups. First of all,
results withT > 0.5 should be considered. In these experiments moths distinguisti@tientsvo types of
obstacles. Five results with F= 0 ahd 0.1 were obtained from moths, emission of clicks of which did not
affect their behavior. The group wilfx 0.3 is especially interesting. In these experiments mothsebct
approach obstacles reflecting sounds well. Some individualssofitbup changed their behavior during the
experiment, during one period avoiding contacts wihreflectors (usually at the beginning of the
experiment) and during another period tending to contact them. In ttee dase moths touched ti%e
reflector more often(T < 0). This phenomenon was especially typical of Plusiinae; in 2impas of
D. chrysitis andP. festucae the behavior changed during one experiment. It may be supposed mat dering t
experiment motivation in these moths changed; in other wordsressila of exhaustion they attempted to
alight on the detected object.

In both series of experiments valueslafreater than 0.4 were obtained in specimens of the following
species:A. nebulosa, A. perflua, A. gamma, A. pulchrina, C. nupta, C. fulvago, C. satura, D. chrysitis,
E. occulta, H. micacea, |. subtusa. M. turca, andP. festucae.

All results described indicate the ability of moths to useasibnic signals for orientation in space. On
the basis of analysis of behavior of moths without sound emission it may be cdritlatée studied moths
are not capable of sensing objects situated close to them by mearsdghamic distortions during flight.

Approximately 1/3 of all tested individuals did indicate actleeomotory activity in complete
darkness, but they began to fly as soon as weak light (5 IXtwmmasd on. In moths flying in the dark,
emission of clicks was observed irregularly and often begen i first collision with an obstacle. Weak
light usually stimulated click emission.

DISCUSSION

The capability of moths to react to echo-like stimulus frometfosituated objects, to distinguish
obstacles with different coefficients of reflection, and to avoidsiotis with obstacles during click emission
proves the possibility of use by these insects of echolocation foragr@min space.

It is necessary to take into account technical difficulties thatdoane influenced the moth's behavior
in the process of the experiment and make the interpretdti@sts difficult. Among them is the necessity
for complete darkness in the experiment, in other words to areatitions that never occur naturally. This
was necessary to exclude effects of visual stiothe behavior of the insects. The absence ofaldighting
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completely depressed flight activity in about 1/3 of the tested mothsifarseffect, but in all moths without
exception, was caused by covering their eyes) and probably magacause of unstable sound emission.
This indicates a close association between visual and eakiolvsystems of orientation. Probably under
natural conditions they complement each other under poor lighting conditiong fligiit among vegetation
while foraging, ovipositing, or landing on a chosen object.

Second, in the course of the experiment it was difficult to ragpaattempts of moths to avoid
obstacles from their attempts to land on them. In the firstinasets using echolocation should be expected
rarely to contact obstacles that well reflect ultraso(ing 0), and in the second case, quite the opposite,
being attracted by "acoustically bright" obstac{@s< 0). It is quite possible that such a controversial
behavior of moths resulted in the decline of significant differenceslires ofT in some experiments.

Obstacles reflecting ultrasounds relatively wdlf &énd S) in general did not have high reflection
coefficients in the close area, and differences in the refleptimgerties of alternate obstacles were not great,
especially in the first series of ethologic experimentdhBbese factors could also lower me estimates of
efficiency of the echolocation system of moths. In order to déteracoustic properties of objects with
which the moth actually is dealing under natural conditions, wasuared reflection coefficients of fresh
leaves. It appeared that the angle between the direction souhe generator and plane of the leaf, and its
shape as well, are most important for intensity of reflectécsanic impulse. Leaves always have a
somewhat curved surface, as a result of which they may corteetiiea acoustic energy by a concave
surface. Efficiency of this phenomenon remains at distamedaisto the radius of the curve. As a result the
integral coefficient of reflection at frequencies of 40-50 lidm a concave surface of a leaf may exceed 1,
and from the opposite side on the average may be 0.4-0.6. Therefaak distance of the detecting of
natural obstacles may be twice as great as calculated.

Therefore averaged data may not reflect the actual pidtecause values of amplitudes of clicks are
very scattered. We recorded amplitudes of clicks in manyithhils of moths with level of 85 dB and once
with 94 dB SPL (Zhantiev et al., 1993). Kay (1969) recorded 96 dB. $Re& threshold sensitivity of
tympanic organs of noctuid moths also varies considerably. The nhithireahold of sensitivity to impulse
stimuli we recorded in electrophysiologic experiments was 55EB. Also, at present there are no data on
reactions of tympanic organs of noctuids to actual refleciomas. Such data would be very beneficial to
the understanding of the process of sensing of echo of a mothslickvrHowever, obtaining them is very
difficult technically. In addition it should be mentioned that altadeoncerning levels of radiation and
sensitivity were obtained from different individuals of moth#ereas the echolocation transmitter and
receiver were located in one organism. Nevertheless, compasfsobtained values proves that maximal
sensitivity of the echolocation system of noctuid moths is piiynalesigned to find objects within
immediate proximity (3-30 cm) to the flying insect. In thisec#éscomplements vision under poor lighting
conditions and supplies information necessary to avoid collisionferolanding. The type of acoustic
probing of space discussed here may be classified as an impulse-locatistery sy

So far there are no data indicating that noctuid moths using sutietlaod of location may
overestimate distance to objects surrounding it by measurirtgling of the return signal. Because temporal
resolution of the temporal organ is 2.5 s (Surlykke et al., 198 ™ay be supposed that moths do not
measure the distance to the obstacle by such a method, butresibeto the first reflected impulse of
sufficient amplitude. Taking into account the simplicity of dinoe of their hearing organs, it seems likely
that these insects use exactly such a simplified typehufl@zation. It is also possible that they determine
distance by evaluation of relative angle change of the locajedtoblowever, available data are still not
sufficient for actual discussion of this problem.
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The problem of the mechanism of sensing of acoustic signals senfams open. Electrophysiologic
data indicate that at small time intervals (0.2-0.3 ms) betwes stimuli their separate sensing is
impossible. Facts obtained in ecological experiments nevesthgldicate the opposite. Therefore, reaction
of tympanic organs of noctuid moths to their own clicks has impogaculiarities, in other words, the
receptor Al probably does not respond to strong mechanical impact, or ttsmeaconsiderably weakened.
At least two hypotheses explaining this phenomenon may be proposed:

1) a reciprocal suppression of hearing receptors exists, whigdksrgsthe suppression of the potential
of action of Al -cell at the moment of emission of a moth'skcfthis proposition is indirectly confirmed by
data of Suga (1961), Perez and Coro (1985), and Coro and Perez (1990);

2) a strong mechanical strike spread over the cuticle ahdimeent of emission of a moth's own click
does not create a generator potential of the hearingtoecap a result of specific blockage of its
membranous canals.
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