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the part of the observer. Most of the 
findings reported here are based on 
observations of four animals studied 

Sounds Emitted by the 
intensively (every day for 3 to 6 
months) and of ten others observed 

for periods of from 24 hours to 6 days. 

Bottlenose Dolphin and clicks and, very rarely, quacks or 

In solitude an animal emits whistles 

blats. In response to, and in exchange 
with, another dolphin at a distance, an 

The audible emissions of captive dolphins under animal emits whistles and trains of 

water or in air are remarkably complex and varied. 
clicks (at a relatively slow repetition 

rate) and occasional quacks. In violent 
play, courtship, and intercourse, in 

John C. Lilly and Alice M. Miller close quarters, each may emit all three 
classes of sounds, with fairly frequent 

squawks, quacks, and blats. 
The sounds that an observer can 

elicit from a restrained dolphin can be 

Some of the sonic (audible to human was restrained and confined in water of any of the three classes, depending 
beings) emissions of the bottlenose 10 to 15 inches deep, in a space 15 on the tactics of the observer. As de- 
dolphin of the east coast of the United inches wide and 7.5 feet long, with scribed previously (I-4), placinga 
States (Jnursiops truncatus Montagu) polyurethane foam 1 inch thick along fish or any object in the box sets 
have been described (I). One of the one side of the water box to attenuate off trains of clicks of a particular kind 
classes of emissions (the clicks) has echoes somewhat. (The same animal (creakings). A loud whistle by the ob- 
been studied situationally in the limited was also observed and the emissions server elicits whistles. Bodily manipu- 
context of their use in echo-location were checked under conditions in which lations (gentle to painful) can elicit 
(2-4). Some of the supersonic compo- the dolphin could swim more freely.) A whistles or quacks or blats. In the 
nents of these clicks have been meas- hydrophone, with preamplifier (6), was presence of an observer an animal can 
ured (2, 3). In article we present placed beside the animal's beak and does shift from emitting sounds 
evidence that dolphin's audible (rostrum). The animal could not under water to emitting sounds in the 

t move its head more than 6 inches tone air, by raising its blowhole out of the sonic emissions can be divided into at 

least three classes: (i) sine-wave type wavelength at 10 kilocycles per second water. The whistles in the air are faint 
whistles; (II) slow trains of clicks (buzz- in sea water) from its mean position and occur at the blowhole slit; they 
ings); and (iii) a class of complex relative to the hydrophone and walls. are accompanied by small bubbles, 
waves emitted in bursts (quacks, The output of the hydrophone was which are lacking in most underwater 

~1 squawks, blats). It can be shown that amplified and recorded on a magnetic emissions. To make loud clicks, blats, 
these classes of sounds are emitted tape recorder at 60 inches per second squawks, and quacks land other air- 
under different environmental condi- (6). The pass band of this configura- borne sounds not here described), the 
tions and states of need. It is shown that tion is determined by the hydrophone animal opens its blowhole and releases 
each animal probably has at least two (upper limit, about 33 key/sec) and a the internally produced sounds into the 
sound-producing mechanisms available high-pass filter (1 key/sec). For air. 
for simultaneous use. The dolphin's analytical purposes, the tape recording 
now well-known use of click trains was played back (slowed down 8 to 
(creaking, and so on) as "sonar" is 16 times), analyzed electrically, and Simultaneous Clicks and Whistles 
not under discussion here and has been recorded with an ink writer or a mirror 

eliminated as far as possible in the galvanometer oscillograph, or both Here we present analyses of only the 
experiments (5). (6). underwater sounds and the underwater 

The methods of investigation were The sounds recorded were those sonic components of the air-borne 
briefly as follows: A captive animal emitted (i) spontaneously in solitude, sounds. Figure 1 is a graphic amplitude 

or (ii) on hearing sounds of another record (6) of simultaneous underwater 
The authors are affiliated with the Communi- animal nearby in a similar water box, emission of a slow train of clicks and 

cation Research Institute of St. Thomas, U.S. a whistle. The clicks occurred at a rate Virgin Islands, and Miami, Florida. or (iii) in response to maneuvers on 
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Fig. i. Amp!it~de record of a train of clicks and a whistle. Mirror galvanometer (4800 cy/sec) record from a slowed tape record- 
ing (1/16 onglnal speed) from anAN/PQM hydrophone set. This record shows the rapid changes in amplitude of the whistle emis- 
sion and the simultaneous production of clicks during whistling (see Fig. 2, IA and IB). Records such as this, made with a paper 
speed ten times that used in making this record, were used in calibrating and standardizing the amplitudes and frequencies, in the 
preparation of Fig. 2. 

of about 30 per second; the whistle waves, and interference phenomena in to 0.4 second; the most frequent dura- 
lasted 0.3 second. At least five clicks the restraint box, but not by changes in tion is 0.25 second; an emission of 0.1 
occurred during the whistle. The train the distance of the head from the second is rare. The frequency-time 

of clicks ended during the whistle tin hydrophone (3)1. Whistle emissions tin curves for the emissions in a group of 
other emissions a train of clicks has a solitary dolphin or in a pair) usually whistles resemble one another closely; 
been found to start in, to continue occur in groups of one to four whistles, between one group and another there 
beyond, or to stop during a whistle). rarely in groups of five, six, seven, are larger differences in pattern. 
Notice the rapid changes in amplitude eight, or nine. In a series of 1000 Figure 2 is the record of a group of 
of the whistle. The patterns of such whistles, groupings of two or three two emissions. Their graphical ampli- 
changes are extremely complex, varying whistle emissions were most frequent, tudes (A) and frequencies (B), versus 
markedly from one emission to another; Within a group of whistles, each emis- time, as recorded simultaneously from 
however, in most cases· the amplitude sion is separated from the others by a slowed tape are shown. (The original 
(Fig. 2) quickly reaches peak and intervals of silence tin a group of eight recording was made at a rate of 60 
falls during the rest of the emission, animals) or by a low-frequency, low- inches per second; during playback 
[Some of the quick variations are un- amplitude sound tin the case of a single and analysis the recording was slowed 
doubtedly caused by echoes, standing animal). Each emission lasts from 0.1 to 33/4 inches per ,~,,nd--a 16-fold 
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Fig. 2. Records of a train of clicks and two whistle emissions. Trace A, amplitude of underwater sound versus time; trace B, frequency 
analyses versus time. I, first emission; 2, second emission; C, frequency calibration in steps as follows: 2, 4, 6, 8, 10, 12, 14, ·16, 18, 
and 20 key/sec. The duration of each emission is about 0.3 second. Notice that the patterns of amplitudes are quite different for 
emissions I and 2, even though the patterns of frequencies are similar for the two emissions. Notice also that the first whistle emission 
(I, A and B) starts and continues during a train of clicks. 



reduction in speed). There is some quency changes of a monotonic nature. are frequent and quite complex, with 
compression of the highest amplitudes The frequencies in one emission can alternation between emissions from each 
of emission No. 2. The time-frequency range from 4 to 18 kilocycles per sec- animal and with rare overlaps or rare 
patterns of these two emissions are end; the usual emission has frequencies simultaneous emissions (duets). 
more similar to one another than either between 9 and 12 kilocycles per second Such whistles, when played back at 
is to patterns of previous or subsequent throughout most of its time course. De- one-eighth the original speed, sound 
groups in this series. It is to be noted spite great differences in amplitude something like an air-raid or police 
that, except for the clicks and for in- (differences at times as great as 100 siren whose tone shifts or warbles. In 
strumental artifacts when the whistle decibels), the frequency patterns in a general, in the first half of the emis- 
amplitude is low, these whistles are long series are surprisingly stable. In sion the tone rises; in the second half 
sine-type waves with integral harmonics a solitary dolphin the emissions become it may go on rising, level off, fall, or 
(If, 2f, 3f, and so on) and with usually less frequent and quite stereotyped; warble in a complex fashion. In a con- 
smooth and sometimes abrupt fre- with pairs of dolphins, the emissions tinuous series, each group of two or 
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Fig. 3. Record of a squawk emitted under water during stimulation by a human being. The squawk was preceded and followed by a 
train of clicks at a low rate of repetition (25 to 40 clicks per second). Two whistles occurred during this squawk, one (top trace) at 0.7 
and one (middle trace) at 0.95 second after the beginning of the squawk. The frequency calibration tin kilocycles per second) is given, 
with the time scale (real time), on the bottom trace. A record of frequencies versus time on the sonograph of this same tape shows 
all of these frequencies, plus others up to at least 64 key/sec (see text). Clicks of maximum repetition rates (140 to 400 per second) 
occurred, in this particular squawk, about 0.82 second after the beginning of the squawk (beginning of middle trace). In other 
squawks, clicks at rates up to 800 per second have been sustained for as much as 0.5 second. A loud squawk was emitted 
from the open blowhole in air simultaneously with emission of this squawk under water. 
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Fig·. 4. Sound spectrograph analysis of a whistle and concurrent train of clicks (sonic and supersonic components). The 
frequencies of the sounds emitted in this sequence extend from about 6 to at least 64 key/sec. This figure shows the funda- 
mental, first, and second harm4nics, some of the third, and a bit of the fourth up to 32 key/sec. The high frequencies have 
been emphasized in the sonograph. Without such emphasis it can be shown that most of the energy of the whistle lies between 
6 and 20 kyc/sec, in the fundamental and first and second harmonics. Similar presentation of other sequences shows peaks 
for the clicks corresponding to those for the whistles. 

three whistles may differ from the a systematic fashion not connected with and high- and low-speed trains of clicks 
group just before or just after it, with relative movements of the animal. Our reveals evidence of some degree of 
the following notable exception, recordings include trains of clicks of acoustic coupling between these two 

from 1 to 800 clicks per second. The systems. The sonic [not supersonic (see 
trains in the slow group (1 to 30 3)1 frequency analysis of a click shows 

Distress Signal clicks per second) occurred with no it to be a complex wave form with 
need for, or production of, creakings several frequency components, as dis- 

If an animal is placed in a distress- (sonar). cussed for sounds of class iii. Figure 2 
ing situation it will emit two particular Sounds of class iii (quacks and so (AI) shows several clicks superim- 
dissimilar whistles again and again, as on) may possibly be modified trains posed on the whistle amplitude record. 
a pair, until relieved by another animal of clicks at a higher repetition rate, The frequency curve (B1) shows that 
or an·observer. The first whistle of the modified with considerable modulation these clicks contain high-frequency 

pair is a simple crescendo throughout, of the middle- and lower-frequency components of frequencies very near 
The second is a simple decrescendo components (components with a range those of the whistle and of its first 
throughout the emission. The distress equal to or lower than that of the and second harmonics las determined 
signal silences all other dolphins who whistles). Samples of such sounds by other analytic methods), and also 
immediately search for its source. They have been recorded which had constant that a frequency component in the train 
push an animal which has emitted it and also variable click repetition rates of clicks was modulated prior to and 
to the surface of the water and sub- from about 50 to about 800 clicks per during emission of the whistle. It can 
sequently carry on complex whistle second, with some constant and some be shown, by means of the sonograph 
exchanges with it. variable frequency components, and (6) (Fig. 4), that other components, 

Particular trains of clicks, or "sonar," with train durations from O. 1 second to with frequencies up to at least 64 kilo- 
emitted in echo-location, ranging, rec- 3 or more seconds. The durations are cycles per second, are of fixed fre- 
ognition, and navigation situations have not as predictable as those of the quency and vary in intensity with time. 
been described by others (2-4). In whistles. These sounds, also, occurred 
addition, we find that pairs of animals without any need for creakings. 
produce trains of clicks, similar but It has been observed that whistles IWechanism 
not identical, under the conditions that can be emitted while class iii sounds 
evoke whistling and with some of the are being made (Fig. 3). Such observa- One prob$ble mechanism to explain 
characteristics of the whistling (Figs. 1 tions demonstrate that the bottlenose these results, and similar ones shown 
and 2). Sometimes one of th'e pair puts dolphin has at least two separately in Fig. 3, is that the clicks "shock- 
out a "solo" train, sometimes the two controllable sonic emitters, one for the excite" the resonant frequencies and 
alternate clicks, and rarely they emit production of clicks and one for the harmonics of the air-containing cavities 
clicks simultaneously. When the clicks production of whistles. Study of fre- (variable sacs, fixed sinuses, fixed 
are slowed down and played back, one quency-time graphs for several hun- nasal passages, and so on) in the head. 
can hear that the tones are modified in dreds of whistles, individual clicks, One or more of these sacs is used to 



produce whistling and can be made to electrical brain stimulation in reward strained animals are described. The 

click-resonate briefly during whistling (start) systems but not in punishment necessity for, and occurrence of, crealr- 
as well as during nonwhistling periods. (stop) systems (7). Thus it appears that ings for purpose of navigation, rang- 
Because some of the sacs change size trains of clicks express (at least) in- ing, and recognition (sonar) have been 
and shape through movements of tense pleasure in various forms, or eliminated in the experiments under 
muscles in their walls, the frequencies possibly anger (at times). discussion. 

of the whistle or of the click-excited That the dolphin has precise and 
resonances, or of both, change. The accurate control of these emissions is References and Notes 
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