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Reprogramming of the Sonic Output of the Dolphin: 
Sonic Burst Count Matching 

JOHN C. LILLY, ALICE il/l. MILLER, AND HENRY M. TRURI[ 

Coi,ll,l2clt%ctahiolr Xeseat·clt I?zstil2tle, 3430 iliail2· li%g/2Tuay, it~iollsi, I;lo,·ida 33133 

The sound-producing mechanisms in the bottlenose dolphin (Tlsr·siops kzcllcal26s) operate naturally under- 
water with a closed hlowhole. In these experiments, Tt's reprogrammsbility in the vocal airborne mode and 
in vocal-acoustic interlock with another species is demonstrated. Human-speech (Ks) output pro,orams were 
constructed from randomized vowel-consonant (VC) and consonant-vorrel (CV) lists and simple English 
words and phrases. ~he snalysis of the dolphin's sonic vocal output in response to these Rs vocal programs 
demonstrates Tt's reprogramming: in matching number of and trains of bursts, interburst silences, and 
latencies; ability to differentiate between Hs stimuli and other Ils comments or corrections, and abilit-)· to 
program from natural clelphinic sounds to "humanoid" emissions. 

INTRODUCTION blowhole slit during whjstlingr or clicking. This air loss 

S OME physical analysis of the sonic and ultrasonic is observed frequently in sucklings and !roungsters, and 

emissions of bottlenose dolphins (Tzlrsiops tluMca- in adults under stress situntions.) 

lus) underwater has been previously reported in the Under special circumstances, the dolphin exposes 

literature by us and by others.'-'? The frequency bands the blowhole to air, opens it, and emits loud sounds in 

covered by these underwater emissions estend as air, some of these sounds that resemble human speech 
sounds we call "humanoid vocalizations."3~"·F·'3·'"a The 

follows:from approsimately 5 to 25 1<I-T7, for the funda- 
mental frequencies and to at least 120 kHz for t-he present account is a description of esperiments on the 

harmonics of the whistles ("syueaks"), and from progrnmming of this vocal I,ehavior. 

approximately 800 Hz to 170 I;I-Iz (fundamentals and 
I. APPARATUS, MATERIALS, AND TECHNIQUES 

harmonics) for click trains (pulses). The adult l'zlrsiops 
usually emit sounds without losings air either from the For picking up and transmittingr the airborne voice 
lungs or from the sound-producing mechanisms. Thus output of the dolphin and the speech output of the 
the normal predominant mode of vocal sif;naling human, either two Shure model 545 Unidyne II micro- 
behavior of the bottlenose dolphin is by means of sounds phones were used or a model 545 plus a Lavalier model 
produced inside the body; underwater. (A less fre- 560. The outputs of these microphones were recorded 
quently observed event is the loss of air from the closed on a Wollensak 3111 model 1580 tape recorder (Tztrsiops 

No. 11) and on a Sony model 26211) tape-recorder deck 
'J. C. Lilly and A. M. Miller, Science 133, 1689-1693 (1961). with its recording amplifier SRA-2 (Tzu·siops No. 26). 
"J. C. Lilly and A. M. Miller, Science 134, 1873-1876 (1961). 
3 J. C. Lilly, n~nlt altd Dolphin (Doubleday & Co., Inc., Garden The useful freclueIlcy characteristics of this equipment 

City, N. Y., 1961), p. 312. estended from 100 Hz to 10 kIlz. A satisfactory re- 
4 J. C. Lilly, Proc. Am. rhil. Sec. 106, 520-529 (1962). corded amplitude rsnge of approsimstely 35 dU was 6 J. C. Lilly, Science 139, 116-118 (1963). 
6 J. C. Lilly, Tlte n~iltd of tire Dolphkt (a Itonhlcllan ilalelligellce) found. 

(Doubleday & Co., Inc., Garden City, N. Y., 1967), p. 310. Sonic analyses of these materials were made on a 
W. N. Kellogg and R. Rohler, Science 116, 250-252 (1952). 

8 W. N. Kellogg, R. Kohler, and H. N. Morris, Science 117, sonic spectrum recorder (12-1;Hz range, Kay Electric 
239-243 (1953). Co. Sona-Craph model 662-A). A mirror galvanometer 

9 W. N. Kellogg, Po,poises and Soltal (University of Chicago oscillograph (Iloneywell-Heiland model 906B) was 
Press, Chicago, Ill., 1961), p. 177. 

'O J. J. Dreher, J. Acoust. Sec. Am. 33, 1-2 (1961). 
" W. E. Evens and J. H. Prescott, Zoologica 47, 121-128 (1962). '3 J. C. Lilly, Arch. Gen. fsvchiat. 8, 111-116 (1963). 
'2T. G. Lang and H. A. P. Smith, Science 150, 1839-1844· '( ia) J. c. Lillp, Science 167, 300-301 (1965). (b) J. C. T,illy 

(1965). and A. IL~I. Miller, J. Comp. Physiol. Psych. 55, 73-79 (1962). 
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SONIC-UUr\ST COUNT MATCHING IN DOLPI-IIN 

I:Ic. 1. Schema of esperiruelltal confrguration. 
The dolp]lin (Tt) is in the recording position in 
the side arm. The programmer (0) is standing 
beside the side arm reading from the program 

~7 developed from Table I and displaped in Table II. 
The Hs voice program is recorded through hiIicro- 
phone No. 1 and Tape Channel No. i. ('LTape" is 
intlicated b)· O.) The Tt voice outputs are recorded 

( through Microphone No. 2 and Tape Channel No. 
2. ~hen a food reward ("~sh"*) is used, it is either 
manually given to Tt or dispenced by means of a 
mechanical feeder triggered outside the tank room. 
The Piberglas tank (2.5><2.5 m) has a door (· · · · ·) 
opening into the other tanks. The transparent side 
arm is -2.5 m long by 0.5 m wide by 0.5 m deep. 

used for envelope and fundamen t:L1-f requencv record- siops and the human moved freely in the room, most 
ing. The mirror g:llvanometers are linear to 4500 Hz. frecluently between two microphones suspended from 
An inl;writer oscillograph (Grass polygraph model 8, the ceiling. 
12 channels) was used for envelope recording and con- With Dolphin No. 11, a male's human voice was 
tinuous-frecluency annlyses in isolated passbands with used as the stimulating source; with Dolphin No. 26, 
a limit of 45 I-It for rectified and integrated envelopes, the voice of a female human was used. 
A storage oscilloscope (?'el;t-ronis model 564) was used 
for checliingr analyses of wa~eforms, burst co~mt, burst II. DEFINITION OF TERMS USED 
timnnnr, and traiI1 latencies. i\ 3')-channel narrow-bnnd A plog~a?lz is defined as a set of detailed instructions 
(135-Hz) analog spectrum ;LII:llyzer (I(aS; Electric (erpressed or implicit) trans~itted by one biocomputer 
model 30 Inodified) at the input to a LINC computer and received by another and/or used by both in inter- 
was used to give a quantital-hle measure of the fre- locli relationships. A program includes guidelines as to 
quencp of occurrence of use of each narrow bnncl in espected recordable and analyzable behavioral perfor- 
the range 135-8000 1-17, till two steps of 29 channels mances, vocal and nonvocal. A program defines values 
each). of tine intervals between events, their amplitude, 

Two male bottlenose dolphins (Tllrs·iops flzlilcalzls) phases, durations, frecluency ranges and modes of 
cooperated in these esperimnents. With TI1·siops No. 11, trnnsmission, conduction, and receptioII. When possible, 
the esperiments were carried out after the dolphin had .. attempt to measure the accuracy of the transmis- 
been in close vocal and physical contact ~ith investi- sion and reception of a given program is made. 
gators for a period of ·1 );r. This dolphin was estimatetl [-,.program, a'' bllrsl'' is defined as a ph\rsical entity: 
to be 3 yr old at the time of his Tirslt intensive inter- a continuous series of pressure variations in a gas, 
CnPr;PS nmnrammin:r. T~lssiops No. 26 was placed in licluid, or solid, the amplitude of which remains above -r--~-- r--s 

the laborator)l at an estimated age of 2 !;r; these an arbitrarily chosen threshold value for a minimum 
esperiments were carried out aftev 3 )-1 Of contact with period of time, and of which the wa\reform freyuencies 
the investigators. and group repetition rates remain above a given value 

Tn the esperiments with Dolphin No. 11, a special for the same period of time (I;ig. 2). For the purposes 
tanli with a side arnn (I;igr. 1) WaS used. The dolphin 
was free to go from his home tnnl; into the side nnn at: bUrS1~T1_ _ ~UI5t~2_ 
any time. The tanli room had sound-absorbingr carpets IP~B~"~s~sa~assP%sea~ 
on walls and ceiling. The investigator entered the room, s~a~s~nm~Bs~C~slpduration 
stood beside the side arnz with a bucltet of T~sh, put 
on his own microphone, and adjusted the microphone for 
the dolphin. I-Ie held his list of stimulus cues in the left a~8~i~'~i~b~b~3~;r~I~~'~T~~ wavefsrm 
hand and fed the dolphin with 1:he right hand. If not 
already positioned, the dolphin was induced to enter 
the shallow (25 cm deep) water in the side arm placing 
the blowhole in air near the microphone. 

T ER T 

In the second set of esperiments with nolphin No. 
26, the investigator entered a flooded room (13 mX I:'"· 2· The terlT1 blcl.sf is 3 sonic physical term. An oscilloscope 

display from a Tektronic model 564 storage cathode-ray oscillo- 
7 m, 45 cm water depth). The dolphin was free to swim scope of two bursts as tleEned in this program. The upper trace 
into or out of this room from a flooded balcony (5 mX shows the duration of each burst (j0 msec/cm), and the lower 
7 m). An esperimental area within the room was sound- t'"ce is the n·avelorm of each burst using a wide-hand filter (SKL 302). The \vord (e,·l cont:lins In~o I,ursts ~~ith a silence of 
proofetl (carpet on walls and ceiling). 130th the T~u- 100 msec !,et\~:een "er" ~und the T~nal "t-". 
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Frc. 4. A train of 10 bursts, man-dolphin. An oscillographic 
FIc. 3. Three typical Hs stimulus trains and the Tt voice presentation in real time and continuous of a portion of the 

output responses to each traiI1. i\nal)-sis and graphic presentation magnetic tape recortlingr of Espt. 1. The stimuli train of 10 bursts 
of a portion of a Ilag.netic-tape recording of Espt. 5 without (ol[n ot laI t/u kI tli aln ki oil tI) I,y the human programmer is 
cutting or editing (real time, continuous). The I-Is voice program number matched ill the dolphin's vocal output response. In the 
consists of three stimulus trains: the first has i~ve bursts (mI ii; middle anti ~OLlo117. traces the I-Is (middle trace) and Tt (bottom 
it te zi); the second has four bursts (1I va ol nI);and the third trace) outputs are separately displayed for graphic purposes by 
has thl-ee bursts (aI7, i otl). To cover the wide amplitude range t~Yo narrow-l,and filters (Spencer-Kennedy). To cover the wide 
(40 dB), an automatic gain control circuit was applied to the amplitude range (40 dB), an automatic gain-control circuit was 
combined signals, and the resulting signal is displa)·ed on the applied to the combined signals and the resulting signal is dis- 
uppermost trace (Hs train precedes each Tt response train). In played in the uppermost trace. 
the middle and bottom traces, the two voices are separated for 
graphic purposes I,)r two narrow-band filters (SKL 302) and dis- II1 dolphin-human e~cperiments, the human pro- 
pla)·ed separately. I~ood reinforcement wns used at times indica- 
ted by r; w indicates water splashes. S'"""ing is specified by programs arhitrarily assigned 

to the operator, by those already existing below levels 
of this discussion, the bzclsl so211·ce is either a dolphin of awareness in the operator, and by those developed 
or a human. Iior psychophysical e~periments, the chosen between the operator and the dolphin in the esperi- 
al-nplitude, repetition rates, and minimum time dura- ments. In the case of the dolphin, similar programming 
ations are a function of the source's previous progrram- esists. Some human and some dolphin progrsms are 
ming, hearings curve, frequency difference limens, and alrendv present, others call be created and certain 

: I parts of both recorded er;perimentally by time functions (man, woman, or dolphin). behavlora 
The determinanls of the "burst" for physical record- objective methods. A limited set of these programs are 

ings and displays are a function of the instrument-,21 found and described in 1-his paper (the experiments, 
modifications of the original Tvaveforlns (the over-all the results, and the analyses). 
instrumental transfol-lns) of i-he secluence oi·the originnl 
pressure variations. Such variables as irecluellcy pass- III. PROGRAMMING SUBROUTINES 
bands, impulse responses, difel:ential phase shifts, 'I`he two dolphins were each separately esposed to 
intermodulation, rectification, and time transforms h,,,,,,l-sI)""ch transmissions delivered underwater or 
determine part of the definition of the burst in the ;,.i,, formally and informall\l several times a dav. 
program. 13etween esperiments, the feeders spoke loudly in jir 

In the secluence of such bursts, the period of time to the immersed dolphins during feeding, two tinles 
between the instant of the end of one burst (below per dal;. At no time was food depri~ation a part of the 
threshold instant) and the beginning iIlstant of the program. The weight of the consumed fish was meas- 
nest (above threshold instant) is defined as the "inter- ured at e\rery feeding for each Tzwsiops. Normal daily 
burst: silent interval" or "ilzlel·blcl·st silelzce." The food intalte was maintained, when needed, by supple- 
duration of the interburst silent interval is the time mentary feedings. 
measured from the "below-threshold instant" of burst Initially food (fish) was used as a behavior-starting 
one to the "above-lhI:eshold instant" of the nest burst reinforcer. As the program developed, the time of appli- 
in sequence (Fig. 2). cation of this reinforcer was manipulated. In some 

A t~aiuz of bzasis is defined as a seyuence of bursts in er;periments, the dolphin was fed to satiation prior 
time in which the burst repetition rate and interburst to the session; later, in other experiments, fish giving 
silence masimum durations are programmatically (i.e., (by operator or by machine) was eliminated completely. 
by the imposed program and/or given programs in For descriptive purposes, the imposed programming 
the man or the dolphin) defined within a certain techniques are divided into arbitrarily chosen sub- 
range of values and within a certain frequencv-of- routines. In the real situation, these subroutines were 
occurrence distribution (Z;ig. 3). used simultaneously or in overlapping sequences. 

The time int-erlial between individual separate trains The first subroutine was designed to increase the 
is defined either in the program, or is to be detennined incidence of airborne vocalizations and to inhibit 
esperimentally. the dolphins' natural wraterborne emissions. At each 
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feeding period, the dolphin was given a fish for each TAULE I. The human speech output Drogram is constructed 
airborne sound produced (no matter the t)lpe); spon- I'O" this list of nine vowels (T~rst vertical column) and Ilconson- 

ants (first line of the table) arrangetl in a vowel-consonant (VC) 
taneous airborne vocalizations were rewarded. Within and consonant-von·el (CV) list. Only the easily pronounceahle 
a few sessions, each dolphin learned to use the airborne c0mbi""'ions of these VC and CV "nonsense s)·llables" mere used 
mode as a vocal operant.'" All approaches and contacl:s (187 coml,inations out of the possible 198 items). This program 

~eas utilized for many esperiments. ProIn this program a ran- 
by the investigators outside of the Ilormal feeding ses- domized list was developed (see Tal,le II) for the programs used 
sions reinforced this behavior, in this paper 

The second subroutine was designed to select and 
reinforce the production of only certain kinds of sounds co~vsa~va#rs r tjwmnlks 

and to estinguish others. Quick estinct-ion of airborne i ir ii it iv itj Im In it ik Is 
whistles was achievetl. In this process, slow and rapid rl Il zi vi Iii wi mi ni ii ki si 
click trains that: occurred were rewarded. r rr II rz Iv Itj rm in it rk Is 

i. The third subroutine selected only the rapid (greater rr II Ii vI tjr wI mr nr Ir kr sr 
than approsimately 100 pulses per second) click trains, e er el ez etj em en et ek es 
The slow clicks were not reinforced and became estin 

ar El EZ Ev Etj Em En El Ek 

re le re ve tie we me ne le ke se 

guished to a rare-occurrence level. 
re la ZE VE ilE ,8 ms n, tE ke se 

j The fourth subroutine further selected on14~ those a rapid clickings that approached the range of para- a or al av atj am an at ok as ra la za va tja wa ma na to ka so 

:1 
meters of the human voice. During this prograntming, 

or o I oz oV oil om on or ok os 

a the dolphins were exposed to the human voice, speak- ro lo to vo Ilo wo mo no to ko so 

ing very loudly. It was found that graduitlly the dolphin ur ul uz uv ulj um un ul uk us 
emitted the desired sounds within the limits of his ru lu zu vu Iju wu mu nu lu ku su 

programs, of the low-frequency end of his hearing air all air arv arll arm ain arI alk ars 
spectrum, and the low-frequenc); end of the spectruln rar lar tar var tjar war mar nar tar kar sar 
of his sonic oUtpUt.3.~1~"~".'5-li (See also Discussion, ,, olr oil oil orv ortJ oIm oIn oil ork o15 
below.) ror loi zoi vor tjor wor mor nor loi kor sor 

The fifth subroutine select-ed onlSr those sounds that 
I (VC) and consonant-vowel (CV) pairs i occurred in response to the immediately preceding voice consonant 

stimulus--i.e., he was rewarded for pTOduCiIlbrr sounds (Table T). Only the easily pronounceable conlbinations 
only after a human voice utterance. in General An~erican language are used (18T out of 

In the sisth subroutine, the sounds emitted were 1')8 items). Two sets of this population of "nonsense 
shaped further. The rapid click trains were found to ")illables" are ~LrrangL·d. 
resemble some physical aspects of human speech--e.g., The first list gives the CV alld VC pairs in a syste- 

; vowel sounds, timing, and intonations of the preceding n~"tic order (Table I).'l'he second list: was constructed 
I human utterance, from a rallciomized arrangement of the C\i and of the 

During Subroutine VIT, the hull-nan usetl a paired- VC "!'llables. This raIldomized set was divided up into 
i/ syllable list: and the number of the dolphin's bllrsts ""b"ets of s);ll;Ll,les containing from 1 to 10 s):llables. 

were programmed to he two for a speech output: of The ortler of these sul,sets was randomized (Table II). 
i two human syllables in each train. T;or those human l~`l'e investigrator read the first list to the T?lrsiol-'s 

syllabics that. contain more than one hurst ("it" for i" " loud, natural voice. (Later, a tape recording of 
esample), the program called for the dolphin to give the reading voice was used.) I!~itially, the rate of the 
one burst, presentation of syllables in the hunnan-speech output 

Subroutine VIII called for the dolphin to match a during each train was paced by a small light flashing 
number of syllables (1 to 10) with an equal number of o"c" every 0.7 sec within the visual field of the reader. 
bursts: FOr the actual performances, see Results. In the first er;perimental series, the list: of Table I 

was used, with Subroutines V-VII. The programming 
IV. CHOICE OF VOCAL PROGRAM called for e~tinction of other sounds by withholding 

In the esperiment: with Dolphin No. 11, the humsI1- reward. When the production of whistles and slow puls- 
speech output program is constructed from a list of ing trains was reduced to a small fraction of the n~u~ber 
nine v~owels and 11 consonants,'8-20 arranged in vowei- of the humanoid sounds produced, no further est-iIlc- 

tion was demanded. 
'" W. N. Kellogg, J. Comp. Physiol. Psych. 46, 446-450 (1955). 

: 'G W. E. Schevill and B. La~rence, J. E·spll. Zool. 124, 147-165 Once the dolphin followed the "two-bursts-for-tu,o- 
(1953). s)lllables" rule (Subroutine VII), he was programmed 

" C. S. Johnson, nTOTS TP 4178, 1-27 (1966). with Subroutine VIII with the second list (Table II). 
'8 G. A. Miller, Lel2g2rage altd Commulticalioll (McGraw-Hill 

- Book Co., New York, 1951) p. 298. If, in the judgment of the phonetically untrained 
'B R. K. Potter, G. A. Kopp, and H. C. Green, I'isible Speeclt human operator, the dolphin failed to match burst 

(D. Van Nostrand Co., Inc., New York, 1947), p. 433. number to syllable number, Subroutine VII was rein- 20 H. liletcher, Speeck and Hearing i,a Contmz~nicalion (D. Van 
i~ostrand Co., Inc., New York, 1953), p. 461. stituted briefly before returning to Subroutine VIII. 
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TAnL~ II. Essmple of human program and phonetic output analysis (Session 5). The first line of each numbered group is the syllable 
read by the operator. The second line is the IPA symbols for the items of the first line. The third line is the transcribed version of the 
recorded output of the operator. The human-speech output programfor Espt. 5 is composed of 38 stimulus trains.'rhe number of bursts 
in each train varies from 1 to 10. This randomized list was developed from the VC and CV list shown in Table I. Each stimulus train 

has been numbered in the order of presentation. The second line is the Ws stimulus program. These II)A symbols were transcribed 
(I,ine 1) for the Hs operator's convenience to facililate reading from list. Line 3 is the Hs speech output pro6'"m transcribed from the 
magnetic-tape recording of the esperiment. 

I. NI ool oam 
rn ul um 

n rn ul um 

2. ar ree 

or ri 
at rl 

3 oyn oar lye chew kih chee 
inc key rih 

orn or lar Ilu kr Iii am ki ort 
rr 

orn ot lsi tlu kT rJi am ki OTI 
Ir 

I I. cn one ea~ aye~ noo we are chay moe 
nu wt mo 

ed En cn ,i er tle mo en It cr 
nu 

5. re rah to ra 

to ro 

6. oh lee Y"Y Ck~~ Blm 
cm ii ve 

- .. kor em 

:I ehh 
Ivoe nloo irch "ye Wih nloy 

,, ,r( war wr mar 

D wo Inu rti W"' WT Illoi 
R 8. oys air eem say 
IV se ois cr 

orr r im se 
B eel ah 

g. el( igllch ace 
er es ii 
.t es ii 

ai 

B IO. car 
ur 

B ~t 

]I. ray kah ovv krhl, oyv noy rye nigh ooich 
I ,,,,... ·· ··· ··· ··· 

.ti 

rnr ko av kp orv nor rat n·r 
~I 

I ease ray lee 
-- 12. n~ih eek 

n,r ik ii re rl 
B mr ik " te ri 

13. lih vn ale 

Ir va ol or Ir vu ol or 

II. eyes ee 
sit ul~ 
.,rr i oil 

15. ah oss oyer oy 
os orr or as ols or 

R 16. k~y 
lieu ick so erdl 

ke hi rk so cll 

B ,, ,L ·· ·~I 
17. leR ;lirch I~vs cl'" .,e choy oo 

,,, ri ila mi 
r lor 

~e erl ;"v rr Ilo mt 
r lor 

5 18. oak foy vie see chi rill ose 
ok lur var 51 lli " 

os 

.k r lor var 91 II"L rr OL 

I "' :~: toi 

GD)llill2lEd O~t P. 1317 

I I;or each number-matching response, the dolphin was fish dispenser were substituted for the operator. Thus, 

rew,zrcled with a ilsh. The nllmbei- of seconds of lime undesired sonic, visual, 

delnp between the end of the dolphin's reply and the ior starts, rates, durations, and stops were eliminated 

presentation of the fish were randomized. CThis in- (cf. Ref. 21). 
· struction avoided the use of this event as a "stop The ezperiments with Dolphin No. 26 were carried 
I signal" by the dolpliin--i.e., as a signal to terminate out with simple English words and phrases. Intensive 
· the dolph;n's series oi sonic blirsts (see Discussion).l sessions were cnrricd oat over a period of Z yr. Airer ii the initial contacts and interlock were established, no 

~~he euperiments repel-1-ed here are those using the 

syllable suhsets in randomized orders (Table IT). food reward was used. The vocal output in air of the 

Various control procedures to avoid the transmission ?, O. Pfungst, Cle~er Ila,2s (Tl~e I~o,·se oT ilIr. Vo,t Osle,t). n 
d Of iniormation to the dolphin other than by the vocal Cn~,iri(iialios lu E-L-periale,Etol n,Lil,,ol alld N1L.iala Prycholosg, 

mode were done. Eli~nination of the food reward was C. I,~ Rahn, Translator (I-Ienry Holt and Co., New Uoric, 1911). 
Xlso O. Pfunngt-, Clcacr· lialls, Ii. Rosenthal, Ed., Tl~e Horse of 

i achieved. The investigator was removed from the room; nbr. -dolt Ostel2 (I-Iolt, Rinehart and Winston, Inc., New York, 

tape-recorded human speech outputs and a mechanical 1965). 
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TABLE II---(GOlljill(Ed) 

20. are coo eer ir eve all I~m 
or ku is rr iv al arm 
or ku ir ir iv 31 aTm 

21. it 
rt 

it 

220. may own im 
me on rm 

mo an am correcrlon 

22. may own im well an toe kie nleh ai "Y 
me on rm 110 on to kar N ill re 
me an mt wa on fO kar mt ar re 

23. eer oore or 
15 or or 

Ir OZ or 

24. ~ch iss 
re rs 

ra ir 

25. knee ore ire ro~v ove 
nl or art re ro av 

nl or art re ro av 

26. ma is too roo een 
ma Ir t~l zu In 

ma rr ru zu in 

27. eeer ev oyr veh no 
ir EV art VC ICI no 
rr EV Oil VE In 110 

28. ice se ek 
ars so Ek 

ars so Ek 

29 vee ire each rye voy voos ;Ircll 
vi arr it\ tar var vu al\ 

vi Jla il\ ~ai var 10 ;t·ri 

30. aove ray iv choe nck lah z~,u ri 
uv 501 iv tio ilk to sil sI 
Ilv sor rv I\o wk lu 5nr 

31. oon oyk le~ ric chio ,ny 
on ark 16 (11 t.lT l)aI nlili 
on ark If rll tilr liar nl;lr 

32. cheh ohm 
rlr am 

t~E onl 

33. n.7y /o lay on~nl Jche ike sie isle ell roc 
nt lo le am ek ark cl arl cl to 
ne lo le om ok ;,rk cl arl cl ro 

3~ ore way oyl ;11 vih voc ~voy Jr eol 
OL we 012 nv yr VU Wor os Cm 

OZ We 011 UV VI VU urOI (15 cm 

35. nah 
no 

no 

36. oos neh rea ~vou r~y oynl 
us ne 11 wu re arm 

Or ne 11 w~, re aim 

37 siglr oych sell oaks 
silr orti sc ilk 
s;lr art\ sc ok 

38 ill roh ooor err koe well 

·I rl to Or rz ko we 
rl 20 UT CL ko WE 

dolphin was shaped to a closer approsimation of the response train were comlted. Several observers count-ed 
humanspeech output. The oper;ltor raised her: pilch what Ihe)r heard with Ihe tnpes played bacli at either i; 
near the magnitude to which he had lowered his normal speed or at slowed down speeds (2X to 32X). 
formantlilie frecluencies and pitch. Overlap of the pitch Independent counts were made from oscillographic 
and of the formants of the female human-speech output recordings of the rectified and integrated envelopes of 
and the male dolphin output were achieved (see bursts, with the full passband and witlz bands isolated 
Results). with various hi%h-pass and low-pass filters. Cdunts 

V. RESULTS were also made froln spectral records (sonagrams). 
The pri~narv recorded waveforms displayed on a storsgre 

The tape-recorded materials of the I-Is (hmnan) and 
csthode-ray oscilloscope \vere also used to count bursts. 

Tt (dolphiII) outputs from the ta~o sets of esI>eri~nents 
I;igure 3 shows a t-)lpical oscillogrraphic recordings of 

were analyzed by various methods for number of bursts 
per train, burst t-imingr, fl-eciuenc· spectrum, and pulsing part of Espt. i of the I-Is bul-sts and the Tt bursts. 

rates. Ench separate envelope is de~netl by its ends (below 
The iirst anal!·ses were g.eneraled by an acoustic ·70 dB from pe;lli). The man emits five bursts and the 

monitoringr of the taped sessions. The number of bursts dolphin emits live; the man emits four and the dolphin 
in the Hs train and the number of bursts in the Tt: emits four; the man emits three and the dolphin emits 
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three. In Fig. 4 is shown another part: of the same esperi- 
ment, a train of 10 bursts by the man, and a train of ~ 800 
10 bursts in the response of the dolphin. e 

Figure i shows an oscillographic record of Espt, i, 

6 

in which the dolphin matches number of bursts with w o 

few errors. Thirt)--eight Hs trains and 38 Tt traiIls Oow~ 
zz 

I were recorded, (Table II gives the nonsense-syllable r e. 
~n 

0 
20':. .'L'h: n~ 

u..~.. .IBrl··l ~·· 1··*·ll· 7,7 ~ICUIYT[I Lr~·-~~·I·LI- W 

i, :~ 33 21~i~L 1,1 
2. 

22 ow 
n 

II 22~Ci~T~i~L~S;i 10,10 a AB a errors 

I~ \: 

10,10 23~ 3,3 V'1'1" O 200 400 600 800 1000 1200 
·, n. TOTPIL HUMnN BURSTS 

r'l ly 9~, 2"~·t~- 2,2 

~I , 25 FIc. 6. The results of anal?·sis of the dolphin's ability to match 2'2 6,6 number of bursts are summated over sir esperiments using a vocal 
iii~SFntlPAT 5,5 ~~'p·;~"·r 5,5 program developed from Table I and represented by Espf. 5 in : 6C 

Table II. Curves A and ]B are represented 10 times enlarged on 

- IF~Ji~Fu~i~, 51 ~~~i~i'~ 66 : the vertical scale in Fig 7~ Error-free number of burst matching 

i incrclscs with erl,oruic to the prob·ism Cnch successfui response .r 54 2shi~ 35 is plotted as a rluantum jump on the 1' asis and the X'asis. When 

un error is m~de oil the main ~uruc, it is stepped one on the S 5,5 29'- 7,7 .,i,.,,d zero on the I' asis. The error curves (A and B) are stepped 
i ia7rj;si~ zero on the I' asis ~8hen there is no error, and for each response ,o~1~L 1,1 301.· 8.8 LL.ilill srith iill error is stepped one on Lhe I' asis and on the S 

i lir \*i axis ~,. ii the summation item rcrponse tmina to Iba response 
i 82 3 1~ · 7,7 train 

12 5,5 32~i~ 2'2 list used as stilnuli). (I:igure 17 shows some detail of 
1 44 3 '~ \ Train 22 not. shown here; see Sec. VI). 

iF~7~ lo~lo Figure 6 shows the time course for sir such esperi- -· ments of the acquisition of the ability to match number 
··· ,,p ,, oi bilnts. it is to be noticed that the erroriree I-uns in- 

II ,,, crease in duration with further esposure to the program. 
17i:. .. . '1·' 8,8 37 6,6 Figure 7 shows the dolphiIl's errors: on a vertical 

:ri u 18 4·4 scale enlarged 10 times over that of the previous figure. "z s,s 
i., ~" J'V 38 

66 IgijL i 1 trl\ 
80 m 

:-1 Frc. 5. Au oscillogr:?phic recortl ai a Lrain of 3S human (As) -B i P 
vocal output stimuli trains and 38 tlolphin (Tt) vocal-train C 

8 responses from the magnetic-tape recol·tling of Espt. 5 tlevelopeel r 
51 

in real time. The I-Is and Tt outputs have I,een separated for '" 
z 

S 
g graphic purposes by nnrron~-passband iilters ;Ind their rectifietl m 

signal (General r\adio model GR1142A) output tlispla)·ed. The Ir 
Hs oull,ut: \\'as Filtered using an Rllison model 2DR set I,et~~een 4 40 O 

a I 

300 Hz L.P. 30 dB/oct and 780 1-17, H.P. at 30 dll/oct. The Tt ill 
output signal was filtered using an SI(L 302 set at 5 kHz H.P. at 

u. m 

18 dl3/oct and 5 kIrIz L.r. at 18 di3/oct. The I-Is output gener- o I i I c 
t ally appears in the down~artl galvanometel· tleneclion at the II O O 

I beginning of each trace (presentalion of each train of stimuli Z 
1(1 

which varies in numl,ers of bursts from 1-10) and the TI. output 4 7 

y ioth~~~piu~~d denection of each Il·ace secluential to the I-Is train 
(escept in those instances of Tt overlap and in those instances o 
when the energy distribution of peak partials and frecluencies O 200 400 600 looo 1200 NO. OF HUMPIN BURSTS 

tn in an Hs or Tf. burst. are such that they also appear in the other 
:I channel). The specific vocal program utilized in this esperiment l:Ic. 7. The results of analysis of the dolphin's errors are sum- 

is displayed in Table II. (See also I'ig. ii.) The nulnl,ers after each mated over sis esperiments using a vocal program developed 
trace refers to the I,ul·sl count I,y a phonetici~un: for the human fl:om Table I and represented by EspL. 5 in Table II. Two kinds 
(firs(- number) and for the dolphin (secontl number). In I'I·esenta- of errors are plotted: Curve A represents Tt's vocal output 

·~ tions 7, 19, 36, and 38, an untrained observer counting nonsense response as events \Yhen they overlap the Hs vocal outPut. train 
syllables instead of I,ursts grave a score of ot~e less than the correct of stimuli ei~:her during a burst or an interburst silence; Curve B 
value for the human, thus generating "dolphin errors" arlir~ciallv. represents Tt's mismatch in response to ever)· burst of each I-Is 
II1 certain instances in the above gral,hic recording, some of tl;e stimulus train. Error Curves A and 13 demonstrate that initially 
dolphin's responses that are audibly tletectal,le above the Iloise the tiolphin has a mntlom distril,ution of errors; Ircter runs show 
level of the tape, do not give large enough responses to I~e seen an allernalion in t)lpe of error; there are error-free runs first of 
on the photo,orsI'hically reproducible record--e'· in I'resel~ta- one kintl, then for the other, anti r~nally for both. (See also Fig. 6 ··o·i 

tion 3, a listener counts 10 bursts in the dolphin's vocal output. ~\~here these two error curves are represented on a vertical scale 
An adtditional source of error in thegraaphical presentation is that one-tenth this size.) Curve A represents a total "overlap" burst 
extrsneous noises such as water splashes caused deflects that must error of 7.16% and Curve 13 a 6.21% "nonmatching" hurct- 
be eliminated in the burst counts. error. 
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MATCHED BURSTS MATCHED BURSTS 
200. 204 

v, I z 
z o 
o 

I- i: 5: ~n 
v, z 
z~oo ~~oo n 
a: a 

i 
" a O 

o. o. 

-8 -7-6-5 ~-j 2-1 O 1 2 3 4 5 6 ;~ -8 7-6-5 4 -3-2 1 01 2 3 4 5 6 7 8 
j NO. OF UNMATCHED BURSTS/ NO. OF UNMATCHED BURSTSI 

TRANSACTION TRANSACTION 

:: FIc. 8. Dolphin's success-error distribution curve by naive Fre 9. Dolphin's (Tt) success-error distribution curve by 
listening tests for sis experiments on one dolphin using a vocal objective and by listening tests for six: experiments using a vocal 

i program developed from Table I and represented in Table II. program developed from Table I and represented in Table II. 
j ilbsc-issa: zero position is the correct number of bursts per train Analysis by listening tests by trained observers who count bursts 
i of stimuli; plus numbers represent numbers of bursts above those rather than nonsense syllables and by objective methods. (See 

in stimulus train; minus numbers represent de~ciencp in number also Flg. 8.) 
.i of bursts by the dolphin in respoIlse to Hs stimulus train. Analysis 

by naive observers who count "nonsense syllables" rather than 
objective bursts. This important source of error was corrected by the human and during corresponding periods of rela- 
a phonetician, and by coordinated Cr\O observations (storage tiveiy steady-state activity in the dolphin's record. 
scope) and listening tests (Fig.. 9). 

These measurements are plotted as shown in Figr. 11. 
- The source pulsing-rate values tin the human case, i; Two liinds of errors are plotted. Error A is the over- 

lapping of the human delivery time by the dolphin-- laryngeal pulsing, or pitch) are plotted along the X 

i.e., putting bursts in the interburst intervals during axis (log scale). Log frequency is plotted on the Y axis, 
the time the human is speaking. Error B is mismatch of Showing the frequency of each of the partials above 
number of Hs bursts and Tt number of bursts. From the fundamental for varyiIlg values of the fundamentals. 

these two figures, it can be seen that the dolphin at The masimum amplitude partials (peak partials) were 

the beginning has a more-or-less random distribution selected at a given instant of time and are represented 

of errors. Later runs show alternation in type of error; by dots (human) or rectangles (dolphin) plotted at 

there are error-free runs first for one kind of error, then the location of each peak partial on the log-log plot. 
for the other, and finally for both. Figure 11 shows the Tt's output to occur at higher 

r;i~ures 8 and 9 show a summated success-error values of pulsingr rate and higher frequencies of the 
distribution curve for six esperiments as measured by pe"k partials ("resonance") as compared ~rith that 
objective methods and by listening tests. of the Hs outputs. 

i· Duurnng these esperiments, normal nonprogrammed Iiigure 12 shows a population of 120 corresponding 
Tt outputs (such as slow clickings and whistlings) were hum"" male and dolphin male sounds taken late in the 
not included in the statistical data. programming sequence. The period of the experiments ;i· 

: Iiurther analyses of the dolphin's sounds and of the chosen is that in which the dolphin was giving correct :.I 
human speech include sonic spectrogrra~ns prepared numbers of bursts matching the numbers of human 
on both voices covering 85-Hz to 8-kHz ranges, both bursts, and is chosen from corresponding human and 
narrow and wide band (45 and 300 Hz). Figrures 10(a) dolphin trains. 
and 10(b) show a sample sonic spectrogram of the I;igure 12'"·"3 thus shows the corresponding paramet- 
human voice and of the dolphin's reply. ric regions of the human vowel sounds and the sounds 

These spectrograr~s plus sections at chosen times 
emitted by the dolphin. Notice the separation of the 

were then analyzed for (1) pulsingr rate (45- and 300-Hz 
parametric regions of the two voices. 

analyzing filters) and (2) peak partials of the funda- 
mental that showed ma?timum amplitudes (formants 22 G. Fant, "Acoustic Analysis and Synthesis of Speech with 
and formantlike occurrences). The instants of time for Applic"tio"s to Swedish. Ericsson Technics No. 1. p. 108 (1959). 

WH. hi. Truby, ''Acousticol-Cinera diographic Analysis Con- 
the analyses were chosen during vowel product-ion by siderations" Acta Radiol. Suppl. 182, 199, Fig. 2-64 (1951)). 
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4 

::~ : --::~:: ~ ~~~::: - ::i:~:::::-~~: ::~i:: _~::;j-~ ~u,: '~~~,__~si~ j-~~- 

i 

FIc. 10. Sample of technique for sound spectro- 8 
"at ri" here der~ned as Imo bursts of the Hs stimuius graphic and sectioner tlisplay of two syllables 

.f train Cthe Tt response is portra)~ed in Fig. l0(b)1. 
The sonic analysis was prepared from the magnetic- 
tape record of iSspt. 5 in real time using the narro~~- 
band (45-Hz) analyzing filters covering the ranges 
from S5 Kz to 8 kKz. The sectioner (amplitude) 

a r display Cupper portion of Figr. 10(a)l covers the 
Hs STIM Isec kHz S"'ne ranges. Sis peak partials are visible in "at"; 

there are three in "ri." For the analysis plotted in 
I:ig. 11, additonal sections were made and the peaks 

(5) counted (not shown). (b). SouIld-spectro..rsghic 
and sectioner display of t~\~o Tt bursts, the dolphin's 

c24 voice output response to the Hs stimulus train 
r "at ri" Csee I~ig. 10(a)l. The sonic analysis was 

prepared from rl,e m;lgnctic-tape record of Espt. 5 a. at a speed 2X slowed (using the narrow-band 
-a~~a -16 45-Hz analyzing r~lter) covering the ranges from ;-~~"~a 85 IIz Lo 12 kHz (170 Hz lo 2·1 kIlz irom the record). The sectioner (amplitude) display Cupper portion 

of the Fig. 10(b)l covers the same ranges. The B -a symbol close to the center at the top of the Figure 
indicates a displace~ent of this amplitude display 
to the left when relating it to the spectrogram in the lower portion of the I;igure. The numbers of 
peak partials shown for each section frorn left to 
right are 2, 19, 10, 7 and 10. Or-her sections (not B ~S5~~:aim showo) were used ior I'ig. 11. 

16 

_ 
- 
c ~~:::::-,:::: -B =~i·-l:-a I 

i~~W~~~B~:ii-··::·~-~-:---sl·::i 

o 
ft RESPONSE Isec kHz 

(I,) 

As a consequence of these measurements, a program VI. DISCUSSION 
was instituted to use the female human voice in vocal 

A. Channel Limits 
; interlock with another dolphin (No. 26). The rationale 

Iiigrure 14 summarizes the communication channels 
: employed was that the human female voice is higher used in these er;perirnents. The human (1) and the pitched (has a.higher fundamental source pulse rate) dolphin (5) are information transmitters and receivers 

and has somewhat higher peak partials (fonnant fre- with quite different characteristic ranges of hearing cluencies) than the male human voice. I;igure 13 shows (4, 8) and of sonic outputs (2, 6). The human operator 
a some of the results after 2 yr of programming. It was transmits bands of frequencies (2) only soIne of which 

found that the human female moved her voice up to- he is aware (8, 1) and hence controlled by his own 
ward the pulsingr rate and peak-partial frequency regions hearing feedback (1, 2, 8). The dolphin receives some 
of the programmed dolphin. of these bands, modified by the physical means of 
1420 Volume 43 Number6 1968 



SONIC-BURST COUNT MATCHING IN DOLPI-IIN 
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·STIM:at ri - 2 H5BURSTS 
l8ESPONSE-2 TtsURSTS 102 lb3 ~64 

B lb2 lb3 164 
a P.R.R.. PULSES/SEC(SOURCE) 

P.R.R.. PULSES/SEC (SOURCE) 

Frc. 12. The I-Is speech-oulput pro,oram for this display was 
FIc. 11. Parametric analysis of the source pulsing-rfi(e values selectetl at random from the esperiment-s developed from Table 

are plotted along the X' asis (lo~ scale) and the log frerluenc~ is IT. The 120 bul·sls selected (Hs and TI: No. 11) for analysis were 
4 plotted alongr the Y axis showing the frecluencp of each pal·tial esl-racted from matching trains (stimulus and response) in the 

(peak partials) varying fundamental frec]uencies (cavity reson- esperiment. (8) represents the Hs vowel output and (18) the 
ances). The Hs speech output program is a stimulus train consis(-- Tt voice responses. (See Fig. 11 for parameters.) Key in lower 

~ ing of two syllal,les (bursts) "al. ri." The sonic analysis of the right shows the human speech-formant regions for the first, 
I vowels are represented by the black does. TI. No. 11 voice response second, and third. (Key--see Refs. 22 and 23.) 

train with its two bursts is represented by the black redangles. 
The distinctly isolated regions between the I-Is (Inaie) program- 

; mer's pitch and the Tt's response is readily apparent; no overlap detected, only dolphin detected, and not detected by 
is evident. either. 

transmission (3), and his own hearing ranges (1). The B. Reprogramming Mode of Transmission 
dulp~lin (5) computes on the h,?sis oi this modiGed 
input, and transmits a sonic output (6) controlled by The sound-producing mechanisms in the dolphin 
h;e n·inrn hpal-inrr feedback from that output (6, 4, 5). operate naturally ~mderwater with a closed blowhole. 
This output: (6) then passes through the physical In these esperiments, the dolphin's ability to open the ···- -···· -·-------o 

g modifiers (7). The human operator: (1) hears this out- blowhole and make airborne sounds is selectively pro- 

put (6, 7) with modir~catious rhl·ough his hearing range $rammed and thus iorces the phonator)r apparatus to 
i: function in another mode in vocal-acoustic interlock limits (8), through his hearing- and pattenl-recognition 
:: progra~s (1, S). These multiple-feedback loops througrh with another orgranism. That the dolphin adapts to 

; the humsn and dolphin hiocomputers (Ref. 24) estab- 
lished the limits for the results observed in these loooo. 
experiments. 

Figures 15 and 16 illustrate cluantitati\iely some oi 
the physical and pspchophysical limits on these ieed- 
back loops. The human-speech output: covers a much 

..^_-^ ^r C··~n.ln~~;ne 1-l,l·n 1-hr hpar;na detects. ff 
Ine uolpnlll s hearing detects the higher human output -looo m~ 

frequencies, but probably not the lower ones (Rels. Y 
17, 25-28, and Lilly, unpublished data). & % 

The doiphin'l sonic oulpat roven ann~ ii luge Ir I: (if not larger than) his hearing. The very high freriuen- Wa 
cies in the dolphin's output: are not detected by the // ·H.S.STIM:HELLO 

human hearinrr. The loop-shared regions are shown in 'T.t. RESPONSE 100./ 
Fiorr~ 16) as well as the regions that are only human 102 1'03 lb4 

F?R.R., PULSES/SEC (SOURCE) 

2" J. C. L~illy, "The Human Biocom[,uter. Theories of Pro- 
graamming and Melaprogramminb·," Clil Scientific l:ePt. No. I;rc. 13. The Hs speech-output program stimulus train analysis 

was "hello" (8) ;Ind (~) is the Rnsl\~sis of Tt No. 26's voice 
Cr\I-0167 (1967). 

?s J. F. Corso, 5. i\coust. Sec. Am. 35, lf3S-1T43 (1963). output response. In this program anal)sis, it. is demonstrated 
26 J. Z\vislocl(i, J· I\COUSt· SOc. Alll. 79, 795-S04 (1~57!. (colnl,are with Pigs. 11 and 17) that the I-Is (8) output (pitch) 
27 W~ E~ MOnt36Ue and J. F. Stricklnanl, J. Acoust. Sec. i\m. ;Intl the Tt response overlap in the Irequency ranges. In this 

33, 1376-1381 (1961). esl'eriment, the pitch of the I-Is (female) voice output has been 

28 J. C~ R. LicLlicler, L'Basic Correlates of the Auditory Stimu- raised anti overlaps the dolphin's. In a sense, the dolphin's high- 
lus," in Ual2dbook of I~Npel·il~te,t(ul Psgcl~oloSy, S. S. Stevens, Etl. pitch re~ro~rammed the Hs female voice to unusually high 
(John Wiley Sr Sons, Inc., New Yorl;, 1951). values (;p to 800 IIz). (See Flp~ 11 for parnmeters.) 
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Frc. 16. Comparison 
HsOUTPUT of the sonic and ultra- n 
RANGES RAIIGES r 00LPHiill 100 HUI~~N sonic vocal oulput- 

(Hs) ITIOUTPUT 1~S1~ curves of the human 
Hs HEARING ITi cllchs (I-Is) in air and the RANGES 1 RANGES 1 80 

dolphin (1`1) in water. Vocal Llade: Tile sonic-uitrasonic feedback loop for huni3il-dolailio cxchjnees. 
dB60 i·- A and B ale pliyricll Iranimiriion syilemi includine eieclionic The IIs curve (....) 

apparalur and aii-ajter environment reP'"sents sonic-ultra- 

Frc. 14. Vocal-mode flo·iv dia&ram for (Ns) and dolphin (Tt) Hs/ .. Hs- sonic hi~h-frequency 

and output side bp (3) and (7)-the physicaltransmission s)·stems 
nants "s" and vocal pl·ogrralnming. Hs and Tt are both conr~ned on the input i s ond i ) energy for the conso- 

including electronic apparatus and the air-mater environment. 7 The I-Is curve (-·-·-) 
ii whislles represents I;snt's vow- The I-Is programmer (ij has specir~e vocal out-put ranges (2) al~d 

vocsl-input ranges (dependent upon his hearing curve) that eliect Ott el and consonant 40- 
the pro,oramming of Tt (5). TL, on the other hand, is resfricled 10 100 200 p1'0" equal-loudness i_i__(_l_L-i--L 

by the effects of his hearing curve on the input side ;Ind his vocal- kHz 
Contour curve (Ref. 

output ranges. Cognizance of this inlerlock s)lslem in the pro- 
22) (decibels re 0.0002 

----··-·-·-·-i-lom~ sapiens (Hsi. air i"s" and i ) d)-n/crn" peak pres- gramming is essential ill the analvsis-inlerpretstion of every .....~.H,,,,,,piens iHs). air (Font) I esperiment. (See Fig. lj for hearihg curves, alld Fig. 16 for - wiaslles- Tursic~s Iruncafur (TI ). waier sure). 
vocal-output curves.) ·--------Ciicks- ~uisiops!runcotus (Ti ).u:aler 

tended to start his replies with a latency approsimately this mode of signaling with man is shown in these 
experiments. It is also shown that the dolphin can be the saane as that of the interburst intervals in the human 
proe;rammed (within detenninable limits) to repro- trains (Fi%s. 3, 41 and 5). I-Iow he is able to do this is 
duce some physical aspects_of the human-speech out- not clear. It is probable that the dolphin picl;s up clues 
put. In spite of the natural use of a band of frecluen- from some special modifications of the human voice 
cies appro?timately ten to twenty times that normally for the last items in a train. No effort was made to 

B control the voicing of the human reading from the list-- utilized in the human voice range, the dolphin call 
shape up the transmissions in the lower end of his i.e., the male investigator,oave the usual list-reading- 
output frequency spectrum. Ilis hearing curve (and intonation to this presentation. For esnmple, he often 

C probably his frequency-differeIltiation threshold) estend used a falling pitch on the last item of each train. It is 
rl into the upper portion of the human speech frequency probable that the dolphin developed a pattern-recogni- 

spectrum; therefore probably in a limited way he can tion program for this change land possibly for others). 
hear human speech (Figs. 15 and 16). As in the case of the count-ing horse (Clever Hans, 

Ref. 21), the investigator may have been giving visual 
- or adventitious sonic clues to the dolphin for matching C. Start and Stop Signals 

What guides does the T?blsiops use to initiate the 
the gi\ien nmnber of bursts in a train. ns in the case of 
the horse, a "start signal" for the repetitive trains of 

vocal response at: the correct: time! Latencies between bursts and a "stop signal" to finish at the correct 
the end of the Hs train and the beginnings of the dolphin number may have been trans~nitted by the investiRator 
response were measured. below his threshold for awareness. i\s a control on these 

The values of these latencies fall within the distribu- 
tion curve oi Ihe values of the interbursl silent intervals p0ssibilities, the malcrial \yas recorded on magnetic 

i in the human presenlatian On ~he avcra~e, the daiphio t"pe and the inuesiigator sas moved auL of the vhlal and acoustic detection environment of the dolphin. 

The esperiment: pro~rammed fro~n the tape gave results 
similar to the ones reported above. It was found that 

Frc. 15. Comparison ,o detectable clues other than those given by the taped 
of the human (Hs 

i-_-:::·:7·r-:: H5 lione sonic) and dolphin (Tt voice were necessary for the dolphin's accurate per- 
'001-;~ sonic and ultrasonic) fO1.111511Ce. 

hearings curves in RiT TO estimate the influence of the presentation of the 
and in water plotted 
from the data devel- fish as a start, stop, or timing signal, and to eliminate 

de 60 (TI ONLY) Ol)ed by %illy, Corso, the fish as a physiologrical reward, esperiments were 
a %n·islocki, Sohnson, carried out immediately after the dolphin was fed to and R·Iontague (see 

iHs ONIYI Rels. 17, 25-28). Onlp satiation. During these ezperiments, when present-ed 40 

a.limited narro\r band with a fish the dolphin accepted it, allowed it: to drop 
i of frequencies is shared to the bottom of the side arm, and thus accumulated a 20 

Hs ai~j.~...~. ii naler ..d consequently de 
o fines some limits of (2) n;lp nF C~ch d~ll-;nrr the session. (At this stage, the fish 

J___L_I___I-L-I--I---U thl-OUgh (8) ill the 
r··- u- ··-·· --··--·3 

io ioo Eoo vocal-mode flo\\~ tlia- 8i\'ing and receiving were still part of the program.) 
kiii gram (I:ia. 14) (deci- When the dolphin wished to terminate the esperiment, 

-------i?-mo sogiens (I-15). oil bels I·e 0.0002 dyI1-cm? he lifted a fish on the end of his upper jaw and either- 
··--·----Hcms saplens i Hr. i. bon· peale pressure). threw it out of the side arm or moved it toward the ---- iursiaps Iruncoius i TI ), wiiii-I 

S Scnor poi·s. 150i~Hr.i40dB.12cr~ investigator. Rnndo~ll reinforcement schedules were 4.: Hs ond ii si~nred hearing o~eJ 
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SONIC-BURST COUNT MATCI-IING IN DOLPI-IIN 

EXCHPINGES p]esity of patterning. The last burst of each of his 
trains has a characteristic patterningr. These variations 
favor the recent-acoustic-lllemory playback hypothesis 
over the counting one. To count bursts, a very brief 
acoustic memory span is needed -with a quick registra- 
tion of the count for the summed total; in the playback 
hypothesis, there is a longer memory span; there is 

meon om "correction" storsge of the whole train (up to 10 items) and su~se- 
::: cluent playbacli of the output equivalent of the stored 

acoustic image of the whole train. The latter process 
malies possible a more complex patterned output than 

22 ·~ ~t HslO a repetitive reproduction of a train of, say, clicks, of 
the same number as in the human train. In addition, 

on listening tests it has been found that there are 
resemblances when comparingr co~respolzding btll·sts in 

meonrm wa on to kal meal re the human train and the dolphin's response train despite 
i differences within the train. At times, there are resem- 

blances (though in different frequency and pitch 

dolphin. Further work needs to be done in this area to 
determine what: parameters the dolphin is mimicking. 

Additional co~nplex behavior occurred during many 
-i of these experiments. Iior example, in the session with 

FIG. 17. All oscillogmphic record Iro~n the magnetic-tape Tt No. 11, it: was noted that if the human corrected his 
the onset of 22A to the end of 22 ercept for display purposes. In 

output after he made an error that the dolphin matched recording of Espt. 5. There has been no editing or cutting from 

; Fig. 5, the graphic display of stimulus-train 22 (10 I-Is bursts) only the corrected version of the output. I;igure 17 
and Tt's voice output (10 Tt bursts) responses have been included, shows an esample of such an occurrence. (In Figr. 5, 

i whereas trace 22A was not. This esample illustrates the dolphin's the rest of the session is shown with Line 22s of Fig. 17 
acoustic-storage and pattern-recognition ability thst enablErl him left out.) The progr;Llluner (I-Is) says (Line 22a) "me, to respond only to the correct Hs stimulus train with the correct 
number of matching bursts. (See Fig. 5 for parameters used to on, am," hesitates and says "correction" and starts 
develop graphic display.) over, grivingr "me on Im u·a an to kaI me aI er, i.e., a 

train of 10 nonsense syllables (Line 22. of I;ig. 5). The 
successful. Con?plete elimiIlation of the giving and dolphin (Tt) replies with oilly 10 bursts, the total 
receiving of fish was also successful, thus the rein- number in the train of the corrected version, with no 
fnrr;nrr and cueing possibilities of the fish were elimi- reply to the previous three bursts ("me on am") or -------~ 

nated. the word col·1·ectiol. Similar events are frequent: enough 
to lead to the hypothesis that the dolphin has learned 

D. Counting or Recent Acoustic Memory? (at the very least) to recognize that pattern that is to 
Several worlring hypotheses were developed during be matched (stimulus) and that which is to be ignored 

these exppermeents. Of all of the processes the dolphin (instructions, corrections, deletions). What clues Tt 
may be using to respond with the correct number of uses for this selection are at present obscure. 
bursts there are at: least three of importance: condi- The dolphin (No. 26) ~~mm·li;nrr with the female ·· V~L~"'b 

Lioned programs, "count;"o " or straight readout from human programmer learned to reproduce only the LIIIY) 

IIs output given in an emphatic loud voice and did not i recent, acoustic storagre. The concept of conditioned 
programs can be analyzed further and shown to be match asides, instructions, laughter, etc. 
equivslent to one or both of the others or is a name for One aspect of these experiments that is considered 
unknown processes at present unanalyzable, to be import-ant is the initiation and termination of a 

The dolphin may "count" the number of bursts session by the behavior of the dolphin. If, at the 
heard and put out an equal number. One way that the beginningr of the esperiment-, the dolphin did not swim 
dolphin could indicate that he knows that tile experi- into the side arm he was left alone in isolation (visual 

n?enter espects an eclnal number of bursts would be and tactile), solitude, and confinement: for a few minutes. 
for him to give back an equal number of bursts of A second attempt, was then made, and if he did not 
simple sonic structure--i.e., even to the point of makings come into the side arm at that point, he was isolated 
each of his bursts in the train very similar. If this were further for an hour or more. All the above experimental 
the case, one migrht expect all of his sounds to be similar, runs were made when the dolphin was ready to start. 
if not identical. I?[owever, the dolphin's bursts in a Similarly, each esperiment was ternlinated by the 
number-matching train are distinguishsbly different in ·I"lnh;n nlll-;nn a. given run, the dolphin may stop -v·r···-·· - ··-·--~ 

pitch contours, durations, interburst silences, and com- vocalizing and back out of the side arm into his home 
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tanl;. If this happened, the investigator waited for a sphere introduces a new set of conditions for which the 
short period (5 min); if the dolphin did not return in dolphin Inust adaptively program. That the dolphin 
that time, the investigator tin a loud voice) said that tloes so reprogram reproducibly and accurately to these 
the esperiment was over and left: the room. With this artificial conditions shows a flexibility and a plasticity 

i technique, thl-ee experiments were scheciuled each day, of vocal reprogramming of a high order. 
- Signs of fatigue in the dolphin during an experiment Baslian's esperiments"0 with Tursiops kzl?zcalzcs illus- 

were shown by decreased amplitudes of the Tt output. trate further the dolphin's reprogrammability. Usings 
At times, by using proper shaping-up techniques, the al-bitrarily assigned environmental changes (visual) and 
amplitude could be restored. At other times, a rest: operant controls (levers), two dolphins were induced to 
period sufficed to restore the amplitude, communicate with natural under~iater sounds in order 

S Anatomical, biophysical, and physiolo~·ical studies to solve a problem requiring cooperative efforts. The b 

were done on the sound-producing mechanisms in the dolphins succeeded in these tasks (at a high level of 
ii head of the dolphin. The I:esults of these analyses are confidence) by using short b~rrsts of clicks tone to the 

reported elsewhere, ilnportant results for purposes of other) at the crucial time in the program sequence to 
explication of parts of these esperiments are given here, indicate which of two levers to press. These results 

In Uie nabiiai ~tule, emitting nuderwiiter sooods, liie io~piy an all-eady h~orrn (or else an acquirejl meaniag 
dolphin employs two mechanisrus located below and on for the click sequence-a meaning shared by at least 
each side of the blowhole. Some of the anato~ny of two dolphiIls. 

I these s!lstems have been described (Ref. 20). In this In these experiments in which a food reward (fish) 
state, this system operates as a closed set of membranes, or "physiological reinforcer" was eliminated, it is not 
tubes, and sacs. nuringr the sound product-ion in air, obvious what the reinforcers are (what motivates the 

these mechanisms function as a resonating system with dolphin). As a working hypothesis, we assume that 
one end open in the air, thus changing its resonance TzLlsiops trzcrtcnfzts, like Hpnzo sapielzs, has a sufficiently 

I and other characteristics. large and comples brain to have (or to develop) pro- 
In several experiments, the airborne vocal outputs of grrams that motivate performances and hence act as 

the dolphin were picked up with an air microphone and "reinforcingr programs" or "s)imbolic reinforcers" in 
simultaneously the uIlderwater outputs were recorded the absence of explicitly humanly prograammed rewards 

recorder (C1.OWII 800 series). When the blowhole was reinforcing programs include pattern-recognition and 
through a hydrophone in separate channels on a tape (such as frsh giving). Presumably such hypothesized 

open in air, most of the sonic energy was I-ecorded from "success-failure" criteria with storage of the perform- 
the microphone; there was a radical reduction of the ance record as it develops. Such high-level program- 

B amount Of ener~rv recordetl in the water. With the blow- mingr does not seem to exist in the smaller-brained 
hole closed and most of tile head underwater, most oib. mammals (rat, cat, or monke!;), nor in the "tslliingr 

~· the voice energy was recorded underwater through the birds (parrot or: mynah). 
hydrophones (Ref. 4). In the natural imn~ersed state 
(underwater so~mcls), the monil-oringr of his own sounds ACKNOWLEDGMENTS 

through his ears is easily accomplished. With the blow- The authol·s wish to thanB the following individuals 
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air has a large reduction in amplitude owing to the air- contributors. 
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