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Copyri&ht O 1961 by the American Associ:ltion for the Advancement of Science than in condition 3 but is still limited 

to a maximum distance of a few feet. 

Play with floating "toys" is allowed. 
Connition 5. Free bodily contact, 

Vocal Exchanges biting, mutual play with "toys," racing, 
courting, mating, stealing and giving 

between Dolphins food, and so on are all allowed. The 

animal-to-hydrophone distance is not 
controlled, and there is some confusion 

Bottlenose dolphins "talk" to each other with between emissions from one animal 
and those from the other. After a period 

whistles, clicks, and a variety of other noises. of study and observation, the individual 
emitting whistles, blats, or quacks, can 
be identified, but identification is less 

John C. Lilly and Alice M. -Miller easy in the case of clicking. 
Condirion 6. Human beings are pres- 

ent and "intervene" through feeding, 
"rewarding," "punishing," operant-con- 

Abs~ract. Observations of the vocal es- paratus were those described previously ditioning (especially in production of 
changes of bottlenose dolphins under (1). Emphasis is placed here on the specific kinds of emissions), play, vocal 
various conditions are presented. Experi- 
mental conditions under which isolated elicitation of vocal exchanges and on interspecies "exchanges," transporting, 
emissions from each animal of a pair the formal description of these ex- direct brain stimulation, and other 
are separately recorded and in which the changes, measures. 

distance between the rostrum and the Special experimental conditions are Condition 7. In the oceanaria, captive 
hydrophone is controlled are described. 

set up (Table i). colonies can be observed. To date, no 
The exchanges consist of vocal alternations 

Co~ldition I. The animals are in soli- experiments have been undertaken to (A, then B, then A, and so on), "duets" 
(A plus B simultaneously), and long tude, confined and isolated to the ex- study possible exchanges between in- 
''solos" or "monologues." The emissions tent given in Table 1. This is the "near- dividuals in such colonies.(Such ex- 
exchanged are: (i) whistles alone; (ii) slow zero exchange" state (2, 3). The "duil- periments have been proposed as pos- 
click trains alone; (iii) simultaneous 

ness" and "evenness" of the situation is sible controls for the experiments de- whistles and clicks from either or both 
animals; and (iv) squawks, quacks, blats, purposefully maximized. (These condi- scribed here; there are many technical 
and so on, alone or simultaneously with tions are analogous to solitary confine- difficulties, such as that of identifying 
whistles. Any or all of these sounds may ment of a human being in a small box.) the vocal emissions of specific individ- 
occur in a given period. The significant Co~ldition 2. One set of physical con- uals.) carriers of meaning are to be determined. 
(Suggestions include various functions of St'"i"ts is attenuated, and more three- Co~ldirio~z 8. At sea, the dimculties of 
relative amplitudes, absolute and relative dimensional movement is allowed. experimenting with wild animals and 
frequency, frequency modulations, phase- (These conditions are analogous to soli- studying their exchanges are increased 
shift variations, and durations of whistle tary confinement of a human being in by the difficulties of finding and staying 
emissions.) Average and peak amplitudes 
(at the rostrum) of each class of sound a large room.) near the animals for a significantly long 
cover at least a 100-decibel range (con· Co"ditio,l 3. Each animal is allowed period of time. To determine the effects 
trolled by the dolphin). to hear and reply tin water or air, or in of capture and of captivity on the vocal- 

both) to one other unseen, untouched, izations, control experiments should 
In a previous article (I) it was shown 

untasted dolphin (Fig. 1); the dolphin- eventually be carried out at sea, with 
that the individual bottlenose dolphin to-hydrophone distance is controlled, the dolphins in their most free state. 
(Tursiops truncatus) emits several classes 

and vocal emissions from the two ani- 
of complex and varied sounds. At least 

mals are separated in the recordings. A 
one of these classes (click-creakings) is h~~drophone is placed near the rostrum Results 
used in finding food, ranging, and navi- of each dolphin. The animal is so held 
gating; other classes of sounds may be 

that it cannot move its head more than From the standpoint of measurement 
used for communication between in- 

a few inches from the hydrophone. The of physical acoustical quantities, con- 
dividuals. These latterclasses are (i) water space is so shallow (10 to 15 in.), ditions 1 and 3 give the best results; con- 
click trains (not creakings), (ii) whistles, 

so narrow(l5 in.), and so short (slightly dition 3 gives the best physical record- 
(iii) quacks, biats, and squawks, and (iv) 

over one body length) that the animals ings of exchanges. From the standpoint 
combinations, such as click trains or 

cannot swim. Each one rests on the bot- of the health and vigor of the animals 
quacks plus whistles. In this report the 

tom most of the time unless it is dis- in captivity, conditions 5 and 6 are best 
first experiments on the possibilities of 

turbed by the presence or intervention and give the greatest variety of vocali- 
communication between two dolphins of a human being. zations. We have a few data for condi- 
are presented. The techniques and ap- Condition 4. The animals are no tion 7 but none for condition 8. Most 

longer confined to the extent of "en- of the results given here are for condi- 
The authors are a8iliated with the Communica- forced resting," and each animal has tions 3 and 4. 

tion Research Institute of St. ~homas, U.S. the option of swimming. The distance In conditions of solitude the animals' Virsin Islands, and Miami, Florida. Dr. Lilly is 

director of the institute. between the animal and the hydro- vocal behavior is different from their 



; + L vocal behavior when they are in pairs. 
When they are maintained under con- 

2 FEET a I I dition I for a few hours a day (the con- 
dition of near-zero exchange), there are 

MII 1 $I~ F usually no creakings. The slow click 
trains gradually decrease and finally 
cease. Whistles become less and less fre- 

quent over a period of days to weeks 
when there is a continued lack of "re- 

sponse" from the environment and 

from other animals, including man. To 

I~ 
O a 

needed for food finding, exploring new 

keep the dolphins healthy, exposure to 
condition 1 must be limited to short 

periods. 

In condition 2 creakings occur as 

G O O Of O 3 
objects, and navigating in muddy water 
or at night. Whistles and slow click 

Fig. i. Configuration for recording vocal exchanges between a pair of isolated and trains gradually cease in a few days or 
confined dolphins. The animals are resting on the bottom and are shown in lateral 
elevation, the male (M) from his left side, the female (F) from her right. (Dotted line) weeks; they are elicited immediately 

Foam-covered barrier preventing the dolphin from entering the rest of the pool; by (i) p'esentation of the spoor of other 
(black rectangle) inner walls of the salt-water pool; (open arrows, decreasing in size) dolphins in the water; (ii) visual or 
acoustic-energy transfer from the source-dolphin to the sink-dolphin; (curved solid acoustic stimuli from another dolphin; 
arrows) energy received by the hydrophone from the dolphin nearest it (attenuated (iii) human stimuli of various sorts; or 
signals are received from the far dolphin); (straight solid arrows) water inflow and 
outflow. Spoor may possibly be transferred from M to F; however, the flow of water is (iV) presentation of toys or novel ob- 
greatly impeded by the barriers, so that any exchanges of spoor that may occur probably jects. In other words, a change to con- 
have little value as signals. Other configurations eliminate spoor-trace clues completely, ditions 3, 4, 5, 6, or 7 increases the rate 
since no water can move from one dolphin to the other, of occurrence of vocalizations. 

Under conditions 3, 4, or 5, where 

the dolphins are in pairs, spontaneous 
Table i. The most frequent forms of vocalization and vocal exchanges tone and two dol- vocalizations (Table 1) occur fairly fre- 
phins). This classification applies best to newly captured animals. After several weeks unpre- 
dictable, complex vocalizations appear that are inconsistent with the classification given here. quently, in bursts lasting from a few 

seconds to many minutes. In a typical 
Vocal emission (initial or response) 

Condition 24-hour day there is a total of at least 
Dolphin A Dolphin B 4 hours of vocalization, and on many 

i. One in solitude, con- Whistles and clicks No response days there is more than this. Under con- 
finedw, isolatedt, (near- dition 5 (with freedom to swim, to make 
zer·o exchange) body contacts, and to mate), a male and 

2. One in solitude, free- Whistles, clicks, creakings D No response a female emit various sounds steadily swimmingS (objects-and- 

background-exchange for periods up to 20 or more minutes, 

only) concurrently with play, courtship, and 
3. Pair, confined, isolated, Whistles; clicks and/or whis- Whistles; clicks and/or whis- mating behavior. 

limited to acoustic ex- ties; clicks ties; clicks 
change path, intraspecies Under conditions 3 and 4, where 
only members of a pair are in acoustic and 

4. Free-swimming pair, iso- Whistles; clicks and/or whis- Whistles; ciicks and/or whis- vocal contact, definite vocal "ex- 
lated, limited to intra- ties; clicks; creakings Ii ties; clicks (see 3) 
species acoustic exchange changes" are demonstrable (Fig. 2). 

5. Free-swimming pair, free Whistles; clicks and/or whis- Whistles; clicks and/or whis- These exchanges are briefer and rarer 
body contact, free acous- ties; Clicks; creakingsB; ties; clicks (see 3); whis- than the vocalizations that occur under 
tie and mating exchanges quacks, squawks, blats, ties; clicks or quacks, 
of all kinds, interspecics etc., with or withou~ etc., with or without condition 5 (body contact). A "mono- 

isolationll whistles. whistles logue" or a "solo" by one or the other 
6. Condition i, 2, 3, 4, or Same exchanges as in 5 Same exchanges as in 5 animal may precede, follow, or be un- 

5 plus presence or inter- with increase in quacks, with increase in quacks, 
related to, an exchange, in the same vention of human being etc.; airborne sounds sud- etc.; airborne sounds sud- 

denly increase in frequency denly increase in fre- few minutes; most monologues, how- 
of occurrence and in quency of occurrence and ever, occur in a close time relation to 
amplitude in amplitude 

7. Confned in oceanaria in Not yet examined experi- Not yet examined experi- an exchange. These monologues differ 
colony mentally mentally from those of the same animal in soli- 

8. Free-swimming, uniso- Not yet examined experi- Not yet examined experi- tude (see Table I, conditions 1 and 2): 

j~::d_u~n~p~n~yned in Lhe mentaliy mentally they are more frequent and more varied 
in amplitude and frequency. 

'Confined in a box 7% ft by IS in. in water 10 to 15 in. deep.;Separated by a barrier to prevent AS shown in Table I, when the dol- bodily contact with another dolphin or wi~h human beings. ~Swimminp in one of three pools with, 
respectively, (i) rough rock sides, 70 by 20 ft, with water up to 12 ft deep; (ii) vinyl sides nnd bottom phins are in pairs (conditions 3, 4, and 
10 by 8 ft, water 22 in. deep; (iii) Fiberglas, smooth sides and bottom 9 by 7~2 ft, water up to 
30 in. deep. g Creakings do not occur as responses to another dolphin's vocalizations bllt do occur 5), thetwo animals produce alternating 
during feeding, navigation in murky water for novel objects, and so on--that is, as "sonar" for emissions (Fig. 2). Rare interruptions recognition and ranging. IINo other species of animals entered or were near the pool, especially no 
human beinLts. of one by the other, or "overlaps," do 



occur. A special phenomenon, called I 
a ''duet" (Fig. 2: F4 and M10; F5 i!11!!':1~11~·~."~.~.·1·11·11111 F i" 

and MII), also occurs. the two ani ; ;" ~''';"""" 

mals whistle simultaneously, sometimes M 
matching frequencies and time-patterns I!: 

so exactly that the relatively low-fre- 'i-. 6 
quency difference between their simul- · · · · · · · · 
taneous whistles can be heard. 2 J s a I 

F 
Alternations without interruptions, 

overlaps, or duets are the most frequent 
exchanges. Such alternations consist of 
whistles or slow click trains, or both M 
(Table 1 and Figs. 2 and 3). 

7 s 9 io 11 12 1) I.oSEC. 
If two dolphins are transferred from 

condition 3 (confined and isolated with Fig. 2. A graphic record of a vocal exchange between two dolphins. (Top trace in each 
pair) Emissions of the female (F); (bottom trace in each pair) emissions of the male 

only an acoustic path between them) to (M). The upper pair of traces shows a click-and-whistle exchange; the lower pair. 3 
condition 4 (free to swim but with no continuation of the same record without the clicks. (Dots between pairs of traces) 
body contact), they make creaking Seconds of elapsed time; elapsed time for the whole record, 15 seconds. For reproduc- 
sounds. The creaking can be related to tion, the peaks of the clicks of the female were marked with black dashes; the tips of 

those of the male, with black dots. Whistles are numbered in sequence for each animal. detection, ranging, and recognition of 
Other disturbances in the base line are, in most cases, water noises (see text). 

novel objects, to finding food, to pursuit 
games with a toy, or to navigation in 

the dark or murkiness to avoid rough 2~ 3, and 4. During M3, the male starts (water noises appear at the end of the 
walls or other obstacles (1, 3). clicking and continues to click and to train) and whistles faintly (F1). He an- 

If a dolphin is allowed to touch the whistle (M4) throughout the rest of the swers with two faint whistles (M7 and 
body of another dolphin (Table 1, con- female's click train. He keeps his click 8). She suddenly whistles loudly twice 
dition 5), it makes another set of sounds train carefully out of step with hers, (F2 and 3); he replies with a long single 
---squawks, quacks, blats, barks, and and stops his when she stops hers. The whistle of medium intensity (M9). She 
so on--both under water and in the air, female starts clicking again before his responds with whistles of high intensity 
[Graphic results of analyses of some whistle M5; the male joins in with a few (F4~and 5), and he joins her (MIO and 
such individual sounds are shown in clicks, whistles once (M5), and stops 11) in a precise "duet," matching her 
the previous paper (I).] If a human in- clicking. The female continues her time pattern, and goes on to "reply-' 
tervenes with one of a pair of dolphins clicks for a total interval of 3 seconds. more loudly with two whistles (M12. 
limited to acoustic exchange (thus The male whistles once again, faintly and 13). She answers loudly (F6 and 
changing condition 3 to condition 6), (M6). The female moves her head 7), and both become silent. 
the dolphin barks, squawks, and 
quacks, apparently at the human, and 

it may whistle simultaneously every so 
often, apparently in exchange with the 
other dolphin. When two dolphins are 

swimming freely together (condition 5), 

,~(11·4 rl they exchange such complex mixtures 
; 0.1 sec. 

of sounds, but deciding which dolphin M 7 1 . 8 113 
emits which sounds is extremely dif- 
ficult. 

r After several weeks in captivity in 
shallow water (18 to 30 inches), a " · ul~s14 
dolphin begins to emit each and every .L 
class of sounds in air, including clicks C c 

F 
and whistles in addition to quacks. 

In Fig. 2 are shown some results ob- 
tained in studies made under condition -·· -- 32 

3--the best condition for controlling 
and distinguishing the underwater 

1, _ 16 kcps vocal emissions of the dolphins. The 
upper trace is that of the female dolphin .-1IIIL·-_- 
F of Fig. 1; the lower trace, that of the 9 
male M of Fig. 1. This particular ex- r~rYL~uruY-Y-~·~Y-..·~C··IJYLr~LIIC140dY - 0 
change opens with the male's slow click Fig. 3. Sonograms of a portion of an exchange between two dolphins. (M) Emissions 
train, followed by four whistles (Fig. of the male; (F), of the female. Emissions are numbered to correspond to the number- 
2, M1, 2, 3, and 4). During whistle M1, i"s Of the amplitude trace in Fig. 2. The fundamental (f) and the first two overtones 
the male stops clicking shortly after the (2f and 3f) may be seen on these sonograms. Additional sonograms with twice this 

frequency scale show that energy in the 3rd, 4th, and 5th overtones decreases rapidly 
female begins to click, and the female as compared to that of the fundamental and the first two overtones. There was some 

maintains the train during whistles M1, enhancement of the higher frequencies in recording the sonograms (6). 



Individual Differences F3). portion of the train lasts up to 5 msec 
The separation of the emissions of ,,d,,, have mean frequencies as low 

Inspection of these amplitude-time whistles into countable integral units is ,,d,s high as the whistle frequencies, 
graphs shows some differences between based on measurements of occurrences with variations ranging from '/2 to 2 
the whistles of these two animals. The and durations and on graphical records t;,,,, th,.,,,, value. The high-fre- 
male tends to become silent briefly be- of isolated single whistles, on repetitions quency portion of the train (above 20 
tween his pairs of whistles (M1 through of similar (but not necessarily identical) key/sec) is very brief (0.1 msec) and 
s and 12 and 13). The female tends to patterns of frequency variation in pairs may, with certain kinds of frequency 
"fill in" between what correspond to his and triplets, and on the qualities of their analyzers, appear to be white noise (4). 
pairs of whistles with sound. He builds total effect as heard (slowed down) by If one listens to slowed tape record- 
his average intensity to a fast peak and experienced observers. When the female ings (slowed to 1/16 of normal speed) 
drops it to a lower level in the last half whistles, she emphasizes the relatively the complex tonal variations can be 
of the record. A male may have one or flat, high-frequency portion and de- perceived within each click, from one 
more fast notches and fast peaks in his emphasizes the low-frequency "slump," click to the next, and fronl animal to 
record. A female also does this (other somewhat the way some people fill in animal. The clicks of "creakings" 
records); she may often start at a lower between words with a low-intensity (Table 1) are higher pitched, shorter, 
level, rise suddenly to a higher one, and "aaaah." (Listening to records obvious- and "harder-sounding" than those of 
drop back to the lower one (Fig. 2, F6 ly does not give us the same acoustical exchanges (4). The "sonar" click is 
and 7). She also may have one or more experience that the dolphins have; the usually one of high frequency; the ex- 
deep fast notches and peaks in the dolphins have a much wider hearing change click, one of lower frequency. 
amplitude record. range than we do and they may have 

In analyzing these sounds for their special resonators in the hearing side 
frequency, these amplitude variations as well as on the transmitting side Conclusion 
can be correlated with the frequencies which may make the hearing experience 
emitted. Figure 3 shows sonograms of of sounds an entirely different kind of In this report (5) we have presented 
frequency versus time for emissions M7 experience for them than for us.) something of what dolphins transmit 
and 8 (top traces), F2 and 3 (middle Usually, but not always, the duration in their exchanges--signals plus noise. 
traces), and M9 (bottom traces). In gen- of the whistles i of the order of 0.2 to A few tentative, simple "ineanings" 

eral all of the time pattern of the funda- 0.4 second (see Fig. 2). Under special have been found ("distress," "attention," 
mental (frequency f) is shown; the conditions yet to be thoroughly deter- "irritation," and so on); however, most 
second harmonic (2n and third harmo- mined, extremely short (0.1 second) or of the exchanges are not yet understood. 
nic (3n sometimes do not show be- extremely long (2 to 3 seconds) whistles, Note added in proof: Since this re- 
cause of their low intensity. At other or both, occur. Most whistle transmis- port was submitted we found that 
times all the harmonics up to the sixth sions are in the middle range. dolphins can emit ultrasonic clicks in- 
(6f) have sufficient intensity to be Trains of clicks cover the full range dependently of sonic clicks and vice 
recorded. (Almost all of the frequencies of duration of the whistles and some- versa. 

are integral multiples of the funda- times continue as long as 15 seconds 
mental.) without pause. The most frequently Reterences and Notes 

Inspection of the traces of the male observed durations for click trains are i. J. c. Lilly and ~. M. Miller, Science 133, 

show that, in general, the recorded close to those of the longer whistles '689 (1961), 2. J. C. Lilly, Psychio~. Research Rep~s., 5, 1 

harmonics are enhanced during his (0.5 to 1 second). (1956). 
amplitude peaks--that is, when the 

3. -- and J. T. Shurley, Psychophysiological 
The amplitudes of the middle-fre- Aspects of Spnce Flighl (Columbia Uoiv. Press, 

amplitude is high the harmonic content quency components (less than 40 NeW YO'k, 1960). 
4. W. Schevill and B. Lawrence, J~. Expll. Zool. 

is high (M8, Mg). The traces of the key/sec) of each click are varied by the 124, 147 (1953); Brcviora 53, 1 (1956); W. N. 
female show in general that her high dolphin in systematic ways. Sonograms Ke"Og6, R. Kohler, K. N. Morris, Scie,lce 117, 

239 (1953); W. N. Kellogg. ibid. 128, 982 
amplitudes correspond to her highest and detailed high-speed oscillograph (lsss); --, r. AcousI. Sec. Ant. 31, 1 
frequencies of the fundamental. The recordings show each click to be a com- ('959). 5. This research has received support from the 

harn-~onic content of the female's emis- plex train of sine waves whose com- Air Force Office of Scientific Research, the 
sions tends to be more constant than Coyle Foundation, the U.S.'Department of ponents vary in frequency and in Defense, the National institute of Mental 
that of the male during a given emis- amplitude with time within the train, He3l'h. the National Institute of Neurological 

Disenses and Blindness, and the Office of 
sion. The frequencies covered by his From click to click there is more con- Naval Research. We thank K. N. Stevens of 
fundamental are from 6 to 15 key/sec; trolled variation in the middle and low '"e M""S3C''USe"S InStitUtC Of Technology for 

the use of a Kay Sonograph, J. C. Steinberg 
her fundamental varies from 3.5 to II range of frequencies (I to 20 key/sec) of the University of Minmi for tile use of a 
key/sec. Some of her low-frequency than in the high range (20 kcy/s~e to "yd'op''""e set. and Herbert Gentry of Orlando, Fla., for the use of a Frecision 

and her low-amplitude emissions cor- apparatus limits at 64 key/sec). The Company wide pass-band tape recorder. 
6. The sonograms were made with a Kay Etcctric 

respond to his short silences between clicks are not "white noise" in the range c,,,,,, Sonograph. 
pairs of whistles (Figs. 2 and 3, F2 to below 20 key/sec. The lower-frequency 13 April 1961 


