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Audible and Ultrasonic Sounds of Bats 
By DONALD R. GRIFFIN 2, Ithaca, N. Y. 

The problem of obstacle avoidance by flying b a t s -  
the sensory basis upon which obstacles are perceived 
in darkness-was solved almost simultaneously in 
Europe and in the United States during the years 
1940-3. This sort of coincidence of scientific discoveries 
is not uncommon, and presumably it occurs when the 
times have become ripe for a certain advance, perhaps 
because the necessary preliminary steps have been 
taken and the opportunity is recognized at approxi- 
mately the same time in two or more widely separated 
laboratories. The American work received its impetus 
from the discovery that  bats produced intense ultra- 
sonic sounds of approximately 50,000 cycles per second 
(PIERCE and GRIFFIN3). This provided experimental 
support for the earlier speculation of HARTRIDGE 4 
that  bats guide their flight through darkness by means 
of sounds above the frequency range of human hearing. 
Our studies established the fact that to avoid obstacles 
with any skill and success bats must be able to produce 
and detect high frequency sounds (GRIFFIN and GA- 
LAMBOS ~i, GALAMBOS and GRIFFINe). Bats collided 
even with large and conspicuous obstacles when we cov- 
ered either the ears or the mouth. The ultrasonic sound 
is produced in short bursts or pulses, each of which is 
accompanied by a faint audible click, so faint that  even 
in a quiet room we could ordinarily hear it only at a 
meter or less. 

A short time later the problem was approached in 
quite a different way by DIJKGRAAF 7. Listening in 
quiet surroundings he was able to hear audible sounds 
made by  flying bats; these were described as "Tick- 
laute'" (resembling the individual clicks from the 
winding of a lady's wrist watch), or when repeated 
rapidly as a "Ratterlaut". In a quiet room these ticking 
sounds were sometimes audible at a distance of 
several meters. DIJKGRAAF also demonstrated that  a 
bat could only .avoid obstacles when its mouth and 
ears were free to emit and to hear these pulses of sound. 

The question then arises, were the faint audible 
clicks which we found to accompany the ultrasonic 
sounds of bats identical with t h e "  Ticklaute" described 
by DIJKGRAAF ? Conversely, can we conclude that  the 

1 These investigations were made possible by financial support 
from the Elisabeth Thompson Science Fund and from a research 
contract between the Office of Naval Research andCornell University. 

Department of Zoology, Cornell University, Ithaca, New York. 
3 G. W. PXERCE and D. R. GRIFFIN, J.Mammalogy 19, 454 (1938). 
4 H. HARTRIDGE, J. Physiol. 64, 54 (1920). 

D. R. GRIFFIS and R. GXl,XMBOS, J. Exp. Zool. 86, 481 (1941). 
R. GALA~BOS and D. R. GRXFHN, J. Exp. Zool. 89, 475 (1945). 

7 S. DxJKnRAAF, Verslagen Ned. Akad. Wetensch. Afd. Natuur- 
kunde 5Z, 622 (1943); Exper. 2,438 (1946). 

European bats which he studied emitted ultrasonic 
sounds to accompany each "Ticklaut"? Most of the 
bats employed in both investigations belong to the 
family Vespertilionidae, in our study Myotis 1. luci/ugus 
and Eptesicus ]. ]uscus, in DIJKGRAAF'S observations, 
Myotis emarginatus, Myotis daubentonii, Myotis nat- 
tereri, Myotis dasycneme, Eptesicus serolinus, Pipi- 
strellus pipistrellus, Nyctalus noctula, and Plecotus 
auritus. These bats are all very much alike in general 
morphology except for Plecotus which has extremely 
large ears. Rhinolophus/errum-equinum and Rhinolo- 
phus hipposideros belong to a different family and may, 
as DIJKGRAAF suggests, employ the nasal apparatus 
rather than the mouth for sound emission 1. Thanks 
to tile cooperation of HL. DE VRIES,  several live Myotis 
l. lucifugus were recently carried to DIJKGRAAF'S 
laboratory for direct comparison with the European 
species of this genus. DIJKGRAAF has advised me by  
correspondence that  in listening to the "Ticklaute" he 
"could not find any marked difference between this 
species and Myotis emarginatus". 

It  is also of considerable interest to determine what 
correlation there is between the faint audible click and 
ultrasonic sounds. Do they represent two entirely 
different types o f  sound, each requiring a separate 
mechanism for its production as HARTRIDGE 2 has 
insisted ? Or are the two sounds to be considered merely 
as two different components of the same bundle of 
waves, one low in frequency and the other higher ? 
Clearly, an answer to these questions can come only 
from detailed acoustical analysis of sounds produced 
by  bats, an analysis adequate to reveal the presence 
of any component which might explain either the 
audible click or the instrumentally detected ultrasonic 
emission. 

Such analyses have been made, and some aspects of 
the results have been reported previously (GRIFFINs). 
The primary purpose was to measure the acoustic 
dimensions of the ultrasonic sounds emitted by  bats. 
but  by slight modification of the apparatus, it was also 
possible to study the low frequency components. Such 
a comparison of low and high frequency components 
presents a difficult problem unless tile apparatus is 
accurately calibrated. It  was clear both from DIjK- 
GRAAF'S report and our own listening to the audible 

1 This has been recently confirmed experimentally by F .P .  
MOEnRES, Naturwiss. 02, 526 (1950). (Note of the Editor.) 

2 H. HARTRIDGE, Nature 156, 490 (1945). 
3 D. R. GR1FFIN, Anat. Ree. 96, ,519 (1946) ;Nature 15S, 46 (1946) ; 

J. Acoust. Soc. Amer. °.2, ~47 (1950). 
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clicks that  these were rather  faint sounds, audible to a 
human listener only under favorable conditions, and 
even then only when produced close to the listener's ear. 

A typical ultrasonic pulse of Myotis 1. luci/ugus on 
the other hand has a duration of 2.3 ms, a frequency 
that  falls from an average of 78 kc at the start  of the 
pulse to 39 kc at the end, and an average peak-to-peak 
sound pressure of 60 dynes/cm 2 at 10 to 20 cm from 
the ba t ' s  mouth. This intensity corresponds roughly to 
the sound level in the cabin of a very noisy combat  
airplane, so that  it is clear that  the ultrasonic sound is 
not by  any means a faint one. If  we ask what is the 
sound pressure of the audible click or "Ticklaut", we 
cannot immediately supply a simple answer. We can 
estimate the loudness of the audible click from ex- 
perience with sound levels, or we can find some artifi- 
cially produced ticking sound which seems to have ap- 
proximately the same loudness. The former method 
suggests an intensity not more than 30 to 40 decibels 
above the threshold of human hearing; that  is, 
roughly 0-01 dynes/cm *. Hence, we are a t tempt ing to 
compare two sounds which may  be excepted to differ 
in physical intensity by  a factor of the order of 6000. 
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Fig. l . - - F r e q u e n c y  response of e lec t ro-acoust ica l  sy s t em used to 
s t u d y  the ulti-asonic sounds  of bats .  W h e n  adj~gted  for response  A, 
the e lect r ical  ampli f iers  were v i r t ua l l y  uni form, in  ampl i f i ca t ion  ra t io  
f rom 0"2 to 10 kc. Response  B was  obtaitxed w i t h  e lec t r i ca l  f i l ters  to  
compensa te  for the dec l in ing  sens i t i v i t y  oT the microphone  and  give 

a near ly  uni form overal l  response from 10 to 100 kc. 
(Taken f romD.  R. GRXFFIS, J .Acous t .  Soc.Amer.  2~, 247 [1950]). 

To understand the problems which arise in studying 
both the ultrasonic and audible sounds, we must  
consider briefly the nature of the apparatus  used in 
our most recent and most precise measurements.  A 
condenser microphone (Western Electric 640AA) picks 
up the sound energy and converts it to electrical waves 
which are in turn amplified and displayed on a cathode 
ray oscillograph. The wave form is then photographed 
and the resulting picture reveals the amplitude, the 

frequency, and duration of the sound. There is, however, 
a lower limit to the amplitude which can be recorded; 
it is set by the width of the cathode ray trace, and by  
the background noise level of the amplifiers. If  the 
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Fig. '2 .--Oscil lograph record of a pulse of sound from Myotis l. 
luci/ugus ob ta ined  wi th  f requency response A. The  low f requency 
componen t  a t  the beg inn ing  of the pulse is unusua l ly  s t rong  for an 

adu l t  bat .  

apparatus  is adjusted to render the 60 dyne/cm ~ of the 
ultrasonic pulses reasonablyclear, then any components 
having sound pressure levels as low as 0.01 dyne/cm 2 
will be quite invisible. I t  is therefore necessary to 
employ a detecting system which 'd iscr iminates  in 
favor of low frequency sounds relative to the intense 
ultrasonic waves. This is easily accomplished because 
the condenser microphone is much more sensitive to 
frequencies below 10 kc ; ordinarily the amplifiers were 
provided with filters to compensate for this property 
of the microphone. These relationships can best be ap- 
preciated with reference to figure 1, which shows the 
frequency response of the system without filters 
(response A), and that  obtained with the filters used to 
s tudy ultrasonic sounds (response B). I t  can be seen 
that  response B provides approximately  equal sensiti- 
v i ty  for all frequencies from 10 to 100 kc, while response 
A favors sounds of 1 to 10 kc, as compared with 50 kc, 
by a ratio of about 30:1. 

When the system is used in a quiet room with re- 
sponse A, a ba t ' s  pulse of sound usually produces an 
oscillograph pat tern intermediate between the types 
shown in figures 2 and 3. The range of variation in 
envelope form is considerable, but there is almost 
always some trace of a few low frequency waves just 
preceeding the pulse of ultrasonic sound. Generally 
there are only 2 to 4 clearly discernible waves with 
periods of approximately 0.l ms (equivalent to a 
frequency of 10 kc). Even with frequency response A, 
these low frequency waves appear very much lower in 
amplitude than the ultrasonic waves; for instance in 
figure 2 they have about 1/10 of the peak-to-peak 
amplitude. Figure 2 has been provided with two scales 

Exper. 20 
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for the ordinate, one for 10, and the other for 50 kc. 
As can be seen from figure 1, other frequencies would 
require different scales. Since the system was 34 times 
more sensitive at 8 kc, the true amplitude ratio of high 
and low frequency components in figure 2 is about 
270 : 1. But  figure 2 represents an unusually strong low 
frequency component;  in figure 3 the corrected ampli- 
tude ratio is at least 1700:1, and ratios of 1000:1 or 
higher are common in the pulses of sound emitted by  
alert, active bats  which show a high degree of skill at 
obstacle avoidance. 
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Fig. 3.--Sound pulse from Myolis l. luciJugus obtained with same 
sett ings of apparatus as figure 2; in this case the ratio of audible to 
high frequency sound was typical of adult  bats  in good physical 
condition, alert, active and capable of skillful flight, Sound pressure 

scale is for 50 kc, 
(Taken from D. R. GRIFVIN, J. Acoust. Soc. Amer..°2, 247 [1950]). 

likely to make sounds which are clearly audible and 
which are intermediate between the well kno~vn audible 
cries and tile ultrasonic pulses described previously 
(GRIFFIN1). 

A necessary first step in analyzing these relationship 
was to determine the loudness of the low frequency 
waves in the pulses from bats in good physical condi- 
tion and capable of skillful flight. (Here "loudness" is 
used in the psychologists' meaning of subjective 
magnitude of the auditory sensation, as contrasted to 
the physically measured "intensity".)  Loudness matches 
were made by  two human listeners who compared a 
ba t ' s  audible click with artificially produced clicks tha t  
were reasonably similar in quality. The listener Was 
then asked to adjust the electric voltage producing 
the artificial pulses until he ~udged their loudness to 
equal the average of the audible clicks made by  a bat  
held approximately 6 inches from his ear. Since the 
ba t ' s  clicks varied considerably from one moment  to 
the next, the loudness match  could not be made with 
a precision better  than :J: 5 db. But  in the most 
consistent set of loudness matches the clicks sounded 
equal when the peak-to-peak sound pressure of the 
artificial pulse was 48 db above the conventional 
reference level (0.0002 dyne/cm2). In three other trials 
the best match was 43, 39, and 35 db; the average of 
four loudness matches was thus 41 db peak-to-peak 
sound pressure re 0.0002 dyne/cm 2. During these experi- 
ments the wave form of artificial pulse and ba t ' s  
ultrasonic sound were both recorded 5 y  means of the 
condenser microphone and amplifiers adjusted to 
yield overall frequency response A. In figure 4 are 

o I 2 3 4 5 
I I I I I I 

m i l l i seconds  

In the discussion of these relative amplitudes, no 
attention has yet been paid to the loudness of the 
audible click to a human ear. This also varies consider- 
ably from time to t ime with the same bat and from one 
individual bat  to another. I t  is appropriate to consider 
next the correlation between the loudness of the audible 
click and the physical intensity of these low frequency 
waves. 

In my experience, the loudest audible clicks have 
been found to occur either in bats which are not com- 
pletely awakened from hibernation or "Tagesschla]- 
lethargic". Whenever bats rest for any  appreciable 
period of time the body temperature  falls to about  
that  of the environment;  only after ra ther  complete 
awakening does the body temperature reach the level 
characteristic of homoiothermic animals, and only at 
body temperatures of approximately 35°C or above are 
the bats  capable of skillful flight and the emission of 
their characteristic pulses of ultrasonic sound. When 
not wide awake and fully "warmed up",  they are very 
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Fig. 4.--Oscillograph record of pulse from 3fyotis l. luci]ugus together 
with art if icially generated audible click judged by a hmnan listener 
to be equal in loudness. Both were reeorded with identical sett ings 
of the electro-acoustical system and with overall frequency response A. 

t D. R. GRIFVIN, J. Acoust. Soc. Amer. 22,247 (1950). 
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shown oscillographic reproductions of a typical pulse 
emitted by one bat at a time when its audible clicks 
were judged equal in loudness to the artificial click 
shown at the top of figure 4. Clearly the low frequency 
waves at the beginning of the bat pulse are somewhat 
lower in amplitude than the artificial click. The dif- 
ference, however, is not more than 50°,/o, or 6 db. In 
view of the variability of the bat pulses, and in view of 
the considerable difference in quality between the two 
imdible clicks, this discrepancy is not surprising. 
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Fig. 5. Oscillograph record of sound pulse from it half-grox~n 
_lIyolis l. htci#tgusweighing 3.6 g, recordedwith frequency response,I. 

It  should be stressed that these loudness matches 
were probably made with pulses having somewhat 
louder audible components than those characteristic 
of normal bats in free flight. I t  Was necessary to hold 
the bat in order to obtain a series of pulses at a constant 
distance from the listener's ear, and general experience 
with bats suggests that under these circumstances the 
audible clicks may be somewhat louder than in flight. 
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Fig. 6. O s c i l l o g r a p h  record  of a t yp ic ;d  so lmd  pulse f rom a h a l f g r o w n  
Myolis 1. htci]ttgus (.3"l g) r e c o r d e d  wi th  f r e q u e n c y  response  l::. N o t e .  
t h a t  whi le  the  low f r e q u e n c y  c o m p o n e n t s  are  Ro longer  visible because  
of the  e lec t r ica l  f i l ter ,  the  s econd  h a r m o n i c s  are  n l u c h  n l o r e  p r o l l O l l i l -  

ced t h a n  in f igure  2 to I o b t a i n e d  f rom a d u l t  ba t s .  

Hence we should not be surprised at the range of 
variation in the level of the artificial pulses judged 
equal in loudness to the bat sounds. Indeed, we may 
be sure that under some conditions the audible clicks 
of bats are much louder than 48 db, and that at other 
times they are as faint as 30 db or even less. 

Young bats produce pulses of sound with relatively 
loud audible contponents. In figures 5 and 6 are shown 
the oscillograph traces of pulses obtained from two 
half-grown Myotis l. hwi/ugus. The exact age of these 
bats was not known, but their weights were 3.6 and 
3.1 g respectively, while a typical adult of this species 
weighs 7 to 8 g. Both of these bats were well enough 
developed to make attempts at flight, and the larger 
one was able to fly across a laboratory room. Figures 5 
and 6 show that these half-grown bats had developed 
the same type of sound pulse emitted by the adults, but 
that the low frequency components and harmonics 
were relatively stronger. 
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Fig. 7. T y p i c a l  pulse of s o u n d  f rom a v e r y  y o u n g  b a t  (less t h a n  ()m, 
week  ohl,  w e i g h i n g  1"4 g), o b t a i n e d  w i th  f r e q u e n c y  response  11. The  
d u r a t i o l t  of the  pulse is on ly  s l igh t ly  h m g e r  t h a n  in a d u l t  ba t s ,  b u t  

h a r m o n i c s  are  p r e sen t  a t  e x t r e m e l y  h igh  a inp l i tudes .  

Still younger bats, however, emit sounds which are 
much more clearly audible and which show other dif- 
ferences from the adult pattern. A typical p~flse from 
a bat less than a week old, weighing only 1-4g, is 
shown in figure 7. The pulse duration is not appreciably 
greater than in the adult bats, but the envelope form 
is quite irregular and the peaks of successive waves are 
not of equal amplitude. In fact, this pulse resembles a 
short bundle consisting of 15 to 20 kc waves with the 
addition of harmonics whose amplitude equals or even 
exceeds the fundamental. 

When we inquire what relation to obstacle avoidance 
these audible components might have, it is certainly 
striking to find that they are least prominent in those 
bats that are most skillful in avoiding obstacles. It  is 
difficult to avoid concluding that the audible component 
is an incidental by-product of the ultrasonic pulse 

2 9 *  
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and that  development of skill in using echoes for 
orientation involves a progressive decrease of the 
relative intensity of the low frequency waves. Whether 
these low frequency components are an unavoidable 
accompaniment of the ultrasonic pulses necessitated 
by the physiology of the larynx, we cannot say; cer- 
tainly no bat pulse has yet been found to be entirely 
free from them. It  is possible, however, that  too strong 
a low frequency component would become audible to 
many animals besides the bat itself and thus diminish 
the advantage over predators and prey that  is derived 
from an apparently silent flight. 

I t  is also on interest to note that the frequency of 
these audible waves is approximately the same as that  
emitted by bats which have been deprived of the use 
of the crico-thyroid muscle, the principal mechanism 
for stretching the vocal membranes and " tuning" the 
larynx for very high frequencies (GRIFFIN1).  When the 
motor nerves supplying the crico-thyroid muscles are 
cut bilaterally, the. bat may continue to emit pulses of 
normal duration, but  the frequency drops to 8 to 12 kc, 
and the pulses become clearly audible to a human 
listener. This suggests that the  natural period of 
vibr.ation of the unstretched membranes is approxima- 
tely 0.1 ms, and that  even in the most  active and 
skillful bats a few low amplitude vibrations of this 
period cannot be avoided. 

because of its considerably great intensity and because 
the audible click seemed to be a relatively unimportant 
by-product. The fact that  a relatively high amplitude 
of the audible components is correlated with poor 
physical condition of the bat suggests that  the low 
frequency waves are disadvantageous, and that  an 
alert animal keeps them at a minimum. If this is a 
correct interpretation, we may consider that  an im- 
portant part of the ability to employ echoes for pur- 
poses of orientation is the power to emit relatively 
pure ultrasonic sounds of short duration. 
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Fig. 9.--A pulse from Eptesicus 1./uscus having a frequency of 27 kc, 
obtained with an uncalibrated system having a frequency response 

intermediate between A and B of figure 1. 

0 I 2 
l I I 

Time (miOiseconds} 

Fig. 8.--An unusual pulse of sound from Myotis I. luci]ugus having 
a frequency of approximately 8 kc, obtained with an uncalibrated 
system having a frequency response intermediate between A and B 

of figure 1. 

These detailed acoustical considerations make it 
clear, I believe, that the "Ticklaute" described by DIJK- 
GRAAF and the ultrasonic sounds which PIERCE and I 
discovered in 1938 are one and the s a m e .  DIJKGRAAF,  

relying on his unaided ears, could hear only the faint 
audible component; we with our apparatus for detect- 
ing ultrasonic sounds were naturally concerned pri- 
marily with the high frequency component, both 

1 D. R. GRIFFIN, Anat. Rec. 96, 519 (t946) ;Nature 158, 46 (1946). 

I t  is likewise important to stress that  sounds inter- 
mediate between the typical ultrasonic pulse and the 
familiar audible cry are emitted even by  bats that  are 
in good physical condition. One type of intermediate 
sound from Myotis I. luci/ugus is illustrated in figure8. 
This pulse contains only 18 sound waves and has an 
average frequency of 8.2 kc. It  occurred between 
several quite typical ultrasonic pulses. Another inter- 
mediate type of pulse is illustrated in figure 9; it was 
obtained from an Eptesicus/./uscus, and the frequency 
is 27 kc. These atypical pulses are quite different from 
the audible cry which seems to contain a wide band of 
frequencies both audible and ultrasonic (GALAMBOS 

and GRIFFIN1). 
Another important aspect of the bat 's ultrasonic 

sounds is the frequency of repetition of individual 
pulses. Here too, there appears to be a slight discrep- 
ancy between the figures contained in our earlier 
papers and those reported by DIJKGRAAF *. We did not 
observe repetition frequencies above 50-60 per second, 
while DIJKGRAAF estimates that  the number of "Tick- 
laute" per second in the "Ratterlaut" of some bats 
reaches 170 per second, immediately before landing. 
His estimate was based upon the apparent pitch of the 
audible rattling sound. Recent cathode ray oscillo- 

1 R. GALAMBOS and D. R. GRIFFIN, J. Exp. Zool. 89, 475 (1942). 
2 S. DIIKGR.~-AF, Exper. 2, 438 (1946). 
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graph records show, however, tha t  the ul trasonic 
pulses of Myotis l. lucffugus m a y  be emi t ted  at  rates 
equal to those reported by  DIJKGRAAF. A typical  series 
is shown in figure 10. This figure was obta ined by means 
of a slight modif icat ion of the appara tus  whereby the 
photographic film was moved at a cons tant  veloci ty 
while the sweep circuit  of the oscillograph moved the 
electron beam hor izonta l ly  with the usnal  saw-tooth 
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Fig.  10 . - -A  r a p i d  series of u l t r a son ic  pulses  e m i t t e d  b y  3[yotis  1. 
l~cifugus. In  th i s  p h o t o g r a p h  the  fi lm was  m o v i n g  c o n t i n u o u s l y  whi le  
the  osc i l lograph  sweep t rave l led  ho r i zon t a l l y ,  f rom left  to r i gh t ,  a t  a 
u n i f o r m  r a t e  w i t h  a n  e x t r e m e l y  r a p i d  r e t u r n  ( saw- too th  sweep gen-  
e ra to r ) .  E a c h  sweep o c c u p i e d  5 ins so t h a t  th is  r eco rd  revea ls  a n  
i n s t a n t a n e o u s  f r e q u e n c y  of a p p r o x i n l a t e l y  1.50 pulses  per  second.  
Such  h igh  pulse f requencies ,  however ,  n e v e r w e r e  obse rved  to c o n t i n u e  

for  more  t h a n  a snla/l f r ac t i on  of a second .  

wave form. Hence the rapid re turn  trace is too faint  to 
be photographed,  and  the visible trace is a sloping line 
drawn dur ing the t ravel  of the sweep at cons tan t  speed 
from left to right. In  figure 10, the numbers  of weepsper 
second Was 200, so tha t  the strip of film which has been 

reproduced covered a period of 50 ms. In  tha t  t ime 8 
ul t rasonic pulses occured a t  approximate ly  equal ly  
spaced intervals .  This corresponds to an ins tan taneous  
f requency of about  150 pulses per second. In  none of 
my  records, however, are such high repet i t ion frequen- 
cies con t inued  for more than  a small fraction of a 
second. 

Zusammenfassung 

1. Neue akustische Messungen der Orientierungslaute 
der Flederm/iuse haben die Verschiedenheiten zwischen 
GRIFFINS und GALAMBOS' Darstellungen (1941, 1942) 
einerseits und D I J K G R A A F S  (1943, 1946)andererseits in 
Einklang gebracht. Bei den bisher erforschten Fleder- 
mausarten kommen der UltratonstoB und der h6rbare 
,Ticklaut~, gleichzeitig vor. Der letztere ist eine tief- 
frequente und schwache Komponente,  die dem hoch- 
frequenten TonstoB urn den Bruchteil einer Millisekunde 
vorangeht. 

2. Die Frequenz dieser tiefen Tonwellen bei Myotis I. 
lucifugus ist anngthernd 8-10 kHz. 

3. Die relative Amplitude der tief- und hochfrequen- 
ten Kornponenten ist sehr verschieden und h/ingt vom 
Alter und Wohtergehen der Flederm~use ab. Fleder- 
m/iuse, die nicht  v611ig aus dem Winterschlaf oder der 
Tagesschlaflethargie erwacht sind, und junge Tiere 
senden h/iufig laute, h6rbare Komponenten  aus. Leb- 
hafte, gut wache Flederm/tuse, die geschickt herum- 
fliegen, senden gew6hnlich Tonst6Be aus, deren tief- 
frequente Komponenten,  verglichen mit  den hochfre- 
quenten,  sehr schwach sind; ihre Intensit / i t  betr~igt 
h/iufig weniger als ein Tausendstel  des Schalldruckes bei 
50 kHz. 

4. Versuche, in denen ein Zuh6rer die St/irke kfinstli- 
chef Ticklaute ver/i.nderte, his sic subjektive Gleiclaheit 
mit den Ticklauten der Flederm/iuse erreichten, zeigten, 
dab der Ticklaut  yon Myotis l. lucifugus etwa dieselbe 
Lautst/irke hat ( ± 5 db) wie eine kurze Serie yon Schall- 
wellen der Frequenz 3-5 kHz bei 35-50 db fiber 0,0002 
dyne/crn 2. Eine normale, gut wache Myotis l. luci[ugus 
sender als Orientierungslaute Lrltraschallwellen aus 
(50-60 kHz) yon etwa 110 db und h6rbare Tonwellen 
yon etwa 40 db fiber 0,0002 dyne/cm 2. 

5. Sehr junge Flederm/iuse (noch keine Woche alt) 
senden Tonst6ge aus, die yore Orientierungslaut  der 
Erwachsenen deutlich verschieden sind, obwohl die 
Dauer des StoBes nicht  bedeutend 1/inger ist. Die haupt-  
s~ichlichsten Unterschiede sind eine aul3erordentliche 
Unregelm/il3igkeit der Umhfillungskurve des Tonstol3es 
und sehr viel st/irkere Obert6ne (siehe Figur 7). 

6. Mit einem zweckm/iBigen Apparat  kann man auBer 
den typischeu Ultraschallst613en und den bekannten,  
h6rbaren Kreischlauten der FledermAuse das Auftreten 
intermedi/irer Schalltypen feststellen. 

7. Die Frequenz der Orientierungstonst613e erreicht 
bei Myotis l. luci[ugus ge!egentlich etwa 150 ie Sekunde. 
Aber solch hohe Wiederholungsfrequenzen haben hie 
l/inger als 50 bis 100 ms gedauert. Diese Befunde be- 
st/itigen die Angaben D I J K G R A A F S .  


