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PORPOISE SOUNDS: ar normal, f , I, A &- /:i reduced speeds -

NOISES MADE BY ORGANISMS OF THE SEA 

This record contains representative or typical underwater sounds 
produced by several species of fishes and by the sea cow or manatee. 
Many of the original recordings were obtained at or near the Oceanographic 
Institute of Florida State University on the Gulf of Mexico. Others were 
made in the Atlantic Ocean and in wate rs of the British West Indie s. The 
recordings of sounds produced by wild or free- swimming specimens were 
obtained from skiffs J motor boats J and a Navy plane personnel boat. 
Observations were also made from a large Coast Guard steamer in the 
open Gulf as far south as the Yucatan Peninsula. A number of the recordings 
were taken from captive specimens in salt-water tanks or acquaria. 

Generally speaking J the underwater noise s produced by crustacea J 

fishes J and other organisms of the ocean are best described by such terms 
as c lic ks, croaks J grunts J rattle s J thumps J or whistle s. The ocean can 
no longe r be thought of as a II silent" or a II quiet l l place. In some case s the 
underwater crepitation made by large numbers of crustaceans or fishe s is 
so great as to produce a positive din- -like static in a radio. It can se riously 
interfere with Navy sonar J and with the listening for submerged ship and 
propeller sounds which is a regular part of our Navy defense system. None 
of the organisms producing the se noise s po sse s se s any vocal cords. 

" The underwater acoustical equipment and some of the electronic 
acce s s orie s nece s sary to obtain the se re cording s we re loaned by the United 
States Navy on ONR contract. The following reference gives a general 
list of the published mate rial at pre sent available on underwater sounds 
of biological origin: Ke llogg, W. N. Bibliography of the noise s made by 

marine organisms. American Museum Novitates, 
1 95 3, no. 1 611, Pp. 1 - 5 • 



Reprinted from SCIENCE, March 6, 1953, Vol. 117, No. 3036, pages 239-243. 

Porpoise Sounds as Sonar Signals 1,1 

W. N. Kellogg, Robert Kohler, and H. N. Morris3 

Oceallographic IllSlilule, Florida Siale Ullh·ersity, Tallabassee, and 
U. S. Air Force Guided Missile Ce'ller, Cocoa, Florida 

T HE NOTION that porpoises or dolphins
and possibly other cetaceans as well-orient 
themselws in thc water by listening to the re
fll'cted l'ehoes of their own noises offers chal

lenging possibilities for l·l'seareh (1, 2). This process, 
known as echolocation or echo-ranging, serYl's as the 
basis of sonar, and of both sonic and supersonic depth
finding. The best example of echolocation among ani
mals is the case of the bat, which is known to cmploy 
rcflected sound to a\·oid colliding with objects while in 
flight. Griffin (3, -1) has shown, in fnct, that the cries 
emitted by bats for purposes of echo-ranging extend 
far into the ultrasonic range. 

The study of such a phenomenon in animals of the 
sca iln-olws special problems of its own-particularly 
since scientific knowledge on this question is at present 
extremely meager. In order to determine whether por
poises or dolphins employ echo-ranging in water, it 
would certainly be neccssary to establish three things : 
First, it must be shown that these animals can hear 
sufficiently well and in the proper frequency range to 
react to the echoes of the sounds they emit; second, 
it must be demonstrated that the noises fall within a 
temporal and frequency pattern suitable for echo
ranging in water; third, it must be established that, 
e\·en though they possess these mechanisms, they ac
tually employ them to orient themselves in space and 
to avoid colliding with objects in their environment. 

With regard to the first point, Fraser (5) has noted 
that certain porpoises will swim rapidly away from a 
\"essel at the sound of a supersonic depth finder-a 
reaction which clearly implies that they can hear 
sounds higher than man. Whether such hearing actu
ally exists, and the limits to which it may extend, have 
recently been investigated (2) by two of the present 
writers in tests upon the bottle-nose dolphin, Tursiops 
trltllcat liS (l\Iontagu). The results indicate that under 
fayorable conditions this animal can regularly react 

1 Contrlhution No. 15 from the Oceanographic Institute of 
Florida State UniYers1ty. 

2 The retCenrch na n ,,"hole was sponsored by the Oftice of 
N.o.'·o.l Resenrch under contract Nonr 531 (00) , nnd was aided 
by a grant-Ill-aiel from the Research Council of Florida State 
rllh·t'r~it>·. hu1ispE"nsable to its prOl:retol8 hn 'oe hf"t'n thp ('on
tlnuous cooperation and generou8 help or Harold J . Humm, 
director of the Oceanographic Institute. 

• The ,,-rlters wish to take this opportunity to thank C. III. 
Breder, Jr., of the American Museum ot Natural History in 
Xew York City. for permls810n to use the excellent facilities 
of the Lerner lIIarlne Laboratory, a flelel station of the lIIu
seum at Bimini. In the Bahama Islands, B. W. I. We also 
... Ish to thank Perry A. Sperber and IIIrs. M. R. Sperber. of 
the Daytona Sea Zoo. for generous cooperation anel aiel. Tbe 
acoustical analyols was greatly facllltateel by tbe cooperation 
of the U. S. Air Force Gulele .. IIl1sslle Center at Cocoa. Fla .. 
and tbe U. S. Navy Mine Countermeasures Station at Panama 
City. Fla_ 
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to \-ibrations in water as high as 80,000 cycles/ sec. 
As a conscqu('nce of these findings, interf'sting qucs

tions at once arise regarding the second point. For 
example, if T . tl'l/llcaills is able to rcspond to fre
quencies in water at such a high le"el, what kinds of 
sounds does he himsl'lf produce, and are they also 
IIltrasonid That porpoisl's make a yariety of noises 
has often been obser\"ed ((;-8), but the problem of 
their measurement and analysis is not an lIasy one. 
In the prcsent paper we wi,h to report some begin
nings in this direction and to show that tbe sounds 
emitted by these rcmarkable animals can concei,-ably 
bc used for echo-ranging or echolocation in water. 

SlIbjects. All the subjects were bottle-nose dolphins, 
or porpoises, T . tl'llllcati/s. Three of the animals were 
captive specimens; others were in the free or wild 
state. The wild porpoises were all observed from a 
U. S . Ka\-y plane personnel boat, 24 feet in length, 
in the Gulf of :\Iexico, near the laboratory of the 
Oceanographic Institute of Florida State University. 
Two of the captive animals were young but mature 
femall's, which were studied at the Lerner Marine 
Laboratory at Bimini, B. W. I., a field station of the 
American Museum of Natural History. They were 
kept together in a wire enclosure in the open bay 
(ca . 30' x 50'), thnmgh which sea water flowed freely. 
The depth of the water at low tide was 7-8 feet, and 
at high tide 10-11 feet. The third captive animal was 
confined alone in an excavated canal or pool (ca . 
40' x 60') at the Daytona Sea Zoo at Daytona Beach, 
Florida. It was probably also a female. 

Apparatus. The sounds were picked up through a 
specially constructed hydrophone, or underwater mi
crophone, capable of receiving vibrations up to and 
beyond 200,000 cycles/ sec (200 kc) . The hydrophone 
consisted of thick Rochelle salt blocks potted in clear 
plastic bonded to a brass cylinder containing a two
stage preamplifier. The signal from the preamplifier 
was fed into the medium-gain input stage of a high
fidelity power amplifier. Many of the sounds, after 
being received in this manner, were then recorded by 
means of an Ampex Model 307 high-speed tape re
corder of the type ordinarily used in telemetering. 
The Ampex recorder has a rated recording range to 
100,000 cycles/ sec (tape speed, 60 in./ sec) but will 
go considerably higher than this (although at reduced 
sensitivity). The response of the amplifier-recorder 
system as a whole was down approximately 3 db at 
80,000 cycles/sec, and 5 or 6 db at 100,000 cycles/ sec. 

Methods of f~equency analysis. Three general meth
ods were used to determine the frequencies of the 
sounds emitted. None of these can be considered pre-



cise, but they do show the presenee or absenee of 
vibrations within different frequeney bands and they 
also indieate the relative intensities of the wayes that 
are present. 

1. In the first of these methods the porpoise sounds, 
after bein!:, receh'ed by the hydrophone and amplified, 
were sent through band·pass or high·pass filters and ob· 
served on the screen of a cathode· ray oscilloscope. One 
such filter was an SKL variable electronic Model 302. The 
SKL filter is adjustable, permitting the passing of any 
desired frequency band from 0 to 200 kc. Wben the lower 
frequencies were filtered out, the presence of the higher 
frequencies could be seen directly on the oscilloscope screen 
at the same time that the noises were being produced. A 
loudspeaker permitted the simultaneous hearing of the 
audible component of the sounds. Another type of filter, 
employed particularly in studies of the wild porpoises in 
the Gulf, was a high·pass, high·Q filter which cut out all 
frequencies below 100 kc. 

2. The second method was a \'ariation of the first, yet 
it afforded the opportunity for more careful and deliber· 
ate work. In this case ultrasonic tape recordings obtaiued 
from thc capti\'e animals were played back on the Ampex 
recorder in the laboratory. The signals froUl the n'corder 
were then sent tbrough the SKL filter and were obsen'ed 
on an oscilloscope as in method one. This procedure per· 
mitted repeatell playuacks of the saUle sounlls unuer fa· 
\'orable laboratory conditions, with the consequent oppor· 
tunity of checking and rechecking the results obtained. 

3. The third and most elaborate of the techniques for 
determining the frequencies within the total sound com· 
plex Dlade use of (a) a Panoramic Ultrasonic Annlyzer, 
Model SB· i, and (b) the Fairchild Sound Measuring and 
Analyzing System of the U. S. Navy Mines Countermeas· 
ures Station,. at Panama City, Florida. 

a) The Panoramic Ultrasonic Analyzer is a scanning 
heterodyne receh'er which automatically measures the fre· 
quency and amplitude of both sonic and ultrasonic signals. 
Using a stabilized sweeping system, " ... the instrument 
tunes repetith'ely 6 times per sec through a 200 kc range 
in any part of a 10 kc to 300 kc band. As signals are 
tuned through, they appear on a cathode·ray tube as sharp 
\'ertical pips located horizontally in order of frequency. 
The heights of the pips indicate the relath'e magnitudes 
of their corresponding signals. A continuous over·all 
graphic presentation of the spectrum is obtained on a 
long persistence cathode· ray tube screen.'" The signals 
from the tape of the Ampex recorder we.re fed directly 
into this device. A speaker was also in the circuit, 80 that 
the audible components of the sounds could be heard 
simultaneously with the occurrence of their pips upon the 
cathode·rav screen. 

b) The Fairchild Sound Measuring and Analyzing Sys· 
tem used in the frequency analysis is a special octave 
band·pass analyzing system manufactured by the Fair
child Instrument Company. The input signals are broken 
down into the octave bands by individual band·pass am
plifiers baving a maximum gain of 86 db. The filters are 
tlat to ± 1.0 db O\'er one half of each octave band. At the 
cutoff points of the octave, the le\'el is down 6 db from 
the center level, and the cutoff rate outside the octave 
band is 45 db/octa\·e. The signals from Ampex tape reo 
cordings, after passing through the octave· band amplifiers 
of the Fairchild system, were read from a Dumont Model 
304 oscilloscope and from a Ballentine a-c meter Model 
310. 

• StateDlent from mnnufncturer. 
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FIG. 1. Schemntic dingram of one form of tbe porpoise 
wblstle. sbowlng frequency plotted against time. 

The findings discussed here will deal only with the 
temporal and frequeney characteristies of the noises 
made and will ignore any ahsolute meaSUl'es of inten
sity. The reasons for this lililitation are (a) that the 
recei\'ing system as a whole was an uncalibrated sys
tem so far as int(>nsities are concerned. (b) Yet, e\'en 
had it heen ealibrated, there was no way to keep the 
distance between the porpoises and the hydrophone 
constant. Sinee the intensity of sound varies iJl\'ersely 

, with the square of the distance from the source, a 
receiving systcm ealibrated for intensities would there
fore han been of little value in any ease. 
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The system was carefully checked for its frequency 
responses, however, by s(>nding pure toncs from an 
oseillator through an underwater transducer, at 20-
200,000 eycles/ sec. The frequeneies sent out by the 
transducer were then picked up by the hydrophone 
and amplifying equipment and were observed on the 
screen of a cathode-ray oscilloscope. The same fre
quencies were also sent directly to the oscilloscope, 
by-passing the underwater gear entirely. A compari
son of the wave forms transmitted by these two meth
ods showed tha t no distortions in frequency were in
troduced by the underwater system. 

The porpoise tchistle. Of the various noises pro
duced by the bottle-nose dolphins obser\'ed in these 
studies, two were found to occur almost continuously. 
The first of these was a birdlike whistle, approxi
mately .5 sec in duration. The whistle appeared in 
sewral "m!'lodies," or piteh patterns, the most com
ilion of whieh resembled the cheep or whistle of a 
canary. This generally began in the neighborhood of 
7000 cycles/sec and ended at about 15,000 cyeles/sec. 
The piteh range was therefore slightly over an octave. 
Although harmonies are certainly present, we have 
not been able to bring th!'m out well. The whistle over
tones are apparently weak and, so far as we can deter
mine, do not extend beyond 20 kc. This is something 
of a paradox, since the whistle is of course very high 
to human ears, and might consequently be expected to 
possess a strong component of ultrasonic vibrations. 
However, since the whistle does occur in several forms, 
there may be varieties of it, not yet examined, that 
contain harmonies beyond 20 kc. It is likely, more
over, that the whistles given by different indi\'iduals 
will vary considerably. A schematic representation, 
showing one form of the porpoise whistle, with fre
quency plotted against time, is ginn in Fig. 1. 

If the bottle-nose dolphin employs reflected sound 



to orient itself in space, the whistle could conceivably 
be used for this purpose. Under such circumstances it 
would constitute a kind of frequency-modulated sonar. 
The continuously changing pitch would reflect a con
tinuously changing echo, which at any given instant 
would differ from the frequency being produced. With 
such a method it is not necessary that the sounds be 
emitted in short, intermittcnt bursts as they are in a 
pulse-modulated system. 

Underwater "clicks." The second and by far the 
more common of the underwater sounds produced by 
the bottle-nose dolphin is a series of rapid "clicks" 
or "clacks," variously describcd as the "rusty-hinge" 
sound or the "creaking-door" sound. These sounds are 
also reminiscent of the pecking of a woodpecker, ex
cept that their rate of occurrence is usually faster, 
although it can also be slower than that of the wood
pecker. One is similarly rcminded of the Bronx cheer 
made by blowing air through tightly pressed human 
lips. The rate at which the individual clicks occur may 
vary from as sklw as 5/sec to 100/sec, or higher. In 
the lattcr instance the total sound takes on the gen
eral quality of a groan or a bark. Within a single 
group of clicks lasting scveral seconds, the number of 
clicks per second can change from fast to slow, or 
vice versa. When these sounds occur at approximately 
15/sec or slower, they lose any tonal quality they may 
have possessed, and are then heard as a succession of 
discrete individual units. In such cases each click be
comes a sharp, staccato report, like that produced by 
striking a heavy wooden table with a small hammer. 

Since the groan or bark like effect of a train of such 
clicks is ordinarily low in pitch, the average listener 
is not likely to suspect them of containing ultrasonic 
frequencies. Yet the methods of analysis previously 
described disclose them to be heavily weighted with 
such frequencies. The dominant frequencies, so far as 
intensity is concerned, are in the sonic range, but other 
vibrations far above the limits of audibility are pres
ent. With respect to the wide band of vibrations rep
resented, the clicks somewhat resemble "white noise." 
Analysis of our Ampex recordings has shown a taper
ing off of intensities from 20 kc to about 120 kc, with 
the occasional occurrence of vibrations extending to 
170 kc or higher. 

The tapering effect beyond 100 kc is undoubtedly a 
function of the Ampex recorder, at least in part, since 
this instrument is known to fall off rapidly above 100 
kc and is not even rated by the manufacturer for val
ues higher than this level. At the same time, it may 
be due in some degree to the nature of the sounds 
themselves. So far as our observations have been able 
to go, it would appear that the different clicks each 
possess somewhere near the same complex of frequen
cies. Certainly we have been able to detect no sig
nificant variations in pitch from one click to the next. 
It must be concluded, therefore, that the click or clack 
emitted by the bottle-nose dolphin contains frequencies 
that extend to 120 kc or above. 

Fig. 2 is a photograph of the cathode-ray screen of 
the ultrasonic analyzer, showing the frequency com-
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FIG. 2. Photn~raph of the cnthode·rny screen of a panoramic 
ultrasonic anaiyu'r, Mhowlng the frequency components oc
curring between -80 nnll 120 kc in a series of porpoise clicks. 
The separate pips represent the coincidence of the sweep of 
the cntho~e·ray tuhe with ~11I'.r.nt clicks. The 12 clicks that 
occurred during- the photographic exposure (.5 sec in tbls 
InHtance) thUH contained frequencies extending at least to 
l~O kc. 

ponents occurring between 80 and 120 kc in a series 
of porpoise clicks. The 80 kc marker-pulse is the low 
peak on the left overlapping the higher peak on the 
left. Only those frequencies corresponding to the posi
tion of the sweep at the moment the sound occurred 
are shown. The separate peaks indicate the presence 
of frequencies within the different clicks, whieh corre
spond to the horizontal scale. In this particular in
stance, 12 clicks occurred during the .5-sec photo
graphic exposure. The heights of the pips in the pho
tograph show the relative intensities for the different 
frequeneies. 
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FIG. 3. Photograph of the cathode-ray tube of the panoramic 
allalyzf'r wlwn thf' tuniug' range wus 10-200 kc. The strong
est frequl"neif's. NO far nR inte-naity is conce-rned. will be Been 
to lie helm\' :!G kc, hut the short pips at the right Indicate 
the presence of frequencies at 140, 155, and 170 kc, respec
tively. 

Fig. 3 is another photograph of the frequencies in 
porpoise clicks, when the tuning range of the analyzer 
was 10- 200 kc. The 200 kc marker is the small pip on 



the extreme right. A marker showing 100 kc appears 
as the heavier of the two central pips. It will be noted 
that there is a massing of frequencies below 25 kc in 
this sample. At the same time there are pips on the 
right representing frequencies of 140, 155, and 170 
kc, respectively. Although these are the highest com
ponents we have thus far been able to photograph, 
there is no reason to believe that they represent the 
ultimate limit.' 

It is possible to derive an approximate frequency 
spectrum for the ultrasonic frequencies of the clicking 
sounds by noting the amplitudes of the pips on the 
screen of the ultrasonic analyzer for a large number 
of individual clicks. Such a frequency spectrum would 
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FIG. 4. Ultrasonic frequency spectrum derived from high
Bpef"n tape recordings of the typical porpoise click. EssentiallY 
the same graph was obtained by two independen t methods of 
acoustical analysis. 

indicate relative rather than absolute sound intensi
ties, since these intensities are not only a function of 
the input signal but are also a function of the record
ing system. The spectrum derived in this way for fre
quencies higher than 20,000 cycles/sec is given in 
Fig. 4. 

A similar curve has also been obtained by a dif
ferent method of analysis. In this case Ampex record
ings of dolphin sounds were run through a Fairchild 
Sound Measuring and Analyzing System, at the U. S. 
Navy Mine Countermeasures Station at Panama City. 
The graph obtained is again essentially that repro
duced in Fig. 4. 

ClAcks as echo-ranging signals. Since thtl clicks do 
not vary systematically in frequency composition, 
they would be unsuitable for echo-ranging by a fre
quency-modulation method such as that applying to 
the whistle. But, on the other hand, a rapid succes
sion of short impulses, of constant frequency pattern, 
would be excellent for echo-ranging, if time were al
lowed after each pulse for the reflecting back of its 
own echo. This is in fact the pulse-modulation method 
of echo-ranging. 

So far as timing and duration are concerned, the 
clacks produced by the bottle-nose dolphin satisfy 
fully the requirements necessary for echo-ranging in 
water by the pulse-modulation method. The duration 
of the shortest of these sounds has been found to be 

• After the completion ot this paper. an ONR report by 
Schev!ll and Lawrence (9) has reached us in which trequency 
components a8 high 8S 196 kc are reported in Borne porpoise 
sounds, 
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about 1 msec (.001 sec). Others are considerably 
longer. At a water temperature of 82.5 0 F, and a 
salinity approximately that of the water at Bimini, 
for example, sound in sea water travels 5063 ft /sec. 
In .001 sec it would therefore travel a distance of 
5.06 feet. This means that the initial vibrations of a 
single click .001 sec in length would be reflected back 
to the p'oint of emission at the termination of that 
click, from an object as close as 2.53 feet. The speed 
with which a porpoise could react to this reflected 
signal would, of course, depend upon additional fac
tors, such as, for example. its reaction time. But since 
the clicks are emitted in rapid succession, it is un
likely that the presence of any object would be sensed 
all at once. The approach to the object would be 
shown by a gradual change in the timing of the echo 
through many hundreds of successive impulses. 

Most of the dolphins to which we have listened, or 
from which we have obtained recordings, have been 
found to be making such noises whenever the hydro
phone was placed in the water. The sounds have been 
picked up when the animals were swimming slowly as 
well as when they were swimming fast. and sometimes 
when they were standing on their tails in the water, 
or. were otherwise almost motionless. Such continuous 
sound production would be essential if the porpoises 
were regularly using these noises to locate objects in 
their environment. 

Advantages of ultrasonic frequencies. Moreover, the 
wide band of frequencies represented in these noises 
offers special advantages fer echo-ranging in water 
because of the factors of (a) masking and (b) reso
lution. 

a) Under ordinary circumstances a porpoise may 
react to the sonic frequencies he produces, but in niany 
instances these frequencies would be masked or ob
scured by the background water noise, ~hich is mostly 
at lower frequency levels. Such noises as the sound 
of waves, the rushing of water past the animal's own 
body in fast swimming (like wind blowing by human 
ears), the sounds of ships' propellers, and the noises 
made by other organisms of the sea, are all, so far 
as is known, below 10,000 cycles/sec. When the basic 
porpoise frequencies are obscured or interfered with 
by such disturbances, the high-frequency "Components 
of the click would still filter through. It is possible in 
some cases that the ultrasonic frequencies alone would 
be all that could be heard. 

b) High frequencies would also be better for echo
location because they are shorter in wavelength and 
consequently have a greater resolving power or direc
tionality. They would indicate the presence, the size, 
and the shape of an object, by echoes, better than 
longer waves. A tone of 500() cycles/sec, for example, 
if transmitted at a sound speed of 5000 ft/sec, pro
duces a wave 1.0 feet in length. But if the frequency 
is increased to 50,000 cycles/sec, the sound speed re
maining the same, the wavelength becomes 0.1 feet. 
The higher the vibration rate, the shorter the wave- . 
length, and consequently the more precise the resolu
tion as determined from the reflected echo. 



Listening to lhe echoes (rom clicks. Echoes from 
sounds made under water will hounce off from the 
surface of the water and from the bottom, as well as 
from objects located in a horizontal plane. That echoes 
of this sort are actually produced by porpoise clicks 
can be clearly demonstrated in two ways: (1) They 
can be seen on the screen of a cathode-ray oscillo
scope. (2) They can be heard by the human ear 
under the proper acoustical and temporal conditions. 
The actual hearing of the echoes is accomplished by 
reducing the playback speed of the recording tape. 
The original tape speed of the Ampex ultrasonic re
corder is 60 in./sec. Tests have been made with play
back ~'peeds of 1/8, 1/ 16, 1/32, and 1/64 of the re
cording rate. This has the effect of lowering the 
intensity as well as the number of cycles per second 
of the sounds played. For example, a bona fide fre
quency of 100,000 cycles/sec, reproduced at 1/64 of 
its original speed, becomes 1562.5 cycles/sec. The 
dumtion of the sound is correspondingly lengthened 
by a factor of 64. 

Under such circumstances, the echo becomes clearly 
audible. It can be heard by most people at 1/16 of 
the recording speed, is very clear at 1/32, and is 
often a booming reverberation at 1/64 of the original 
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rate . An inherent difficulty in measuring the duration 
of any single click is brought to light by this slow 
playback method, since a click cannot often be clearly 
separated from its own echo. One would have to be 
certain, in ohtaining precise time measurements of 
this sort, that there was no echo at all-a difficult if 
not impossible prerequisite. 

Although the facts recorded here do not establish 
conclusively that the bottle-nose dolphin actually uses 
echo-ranging, they offer good circumstantial evidence 
to that cffect. T. truncatus certainly possesses what 
may be described as a "sonar system." The final proof 
that he employs it for echolocation must come by 
testing captive animals for the avoidance of objects 
in water after vision has been eliminated. 
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