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Dolphin Vocalization 

JOHN C. LILLY 

Co~,~l,lrsl2iccrlio~2. Resenrch Inslitrste 

WE II~VE BEEN pURSUING some research mea·urements of the ranges ~vhich they cover 
i with one of the cetaceans, T~crsiops brrLl~.calus, in er;changing ·i\lllislles one with the other 

the bottlenose dolphin, in captivity.'"" This aincl have found that nbout 90 per cent of the 
animal has a braiI1 approximately the size lowest frecluencies that they choose run 
of ours, ns he ages, his brain passes ours; around G kilocycles whereas the highest 
as an adult he has about 10 to 20 per cent: frecjuencies of the fundamental that they use 
more cerebral cortex than ·I~~e ha\ie. nbout run around 211· kilocycles. They cart use higher 
~~ per cent of his brain surface is cortical, intrinsic pulse frequencies ior sonar) than 
as compared to our 96 per cent. The density these jthough not higher Dulsingr rates). The 
of the cells in corresponding areas of cortex upper limits that we Iinve ~uorked \yith run 
is close to ours. The number and kind of around 300 kilocpcles. I-Io\vever, mosi of the 
major conIlections bet~Yeen cortical areas energy seems to peak between /1·0 and 120 
correspond to those that we have. There are kiloc);cles in this I,ullcl. 
some quantitati~e differences, however. For The ·i,ocal versatility of a griven indi·iiidual 
example, his visual inputs are about one- is rather exireme. The); call ;'inimic" simple 
tenth those of ours, 120,000 fibers/eye, for tunes that are played to them, a few notes 
our 1.200,000. I-Io\rever, on the ear side, he each. They can niimic the variations in the 
has 21~ times the number of fibers we have. human voice jnot all the variations but cer- 
I-Iis hearing frecIuenc)i spectrum is approx- Lain aspects of the humnn voice) extremely 
imately five times ours. I-Iis usnble spectrum, M~ell, through rather long passagres ·i~hen 
in ternts of complex pattern henringr, is some- Iiewly played to them. 
thing of the order of fi\ie times ours in fre- In a recent: issue of Scicrbce"·L" I pul,lished 
quency. a P"1)"' dealings ·ivith two of the physically 

If \re compare his highest and lo~~est fre Ineasurable aspects of this mimicry. If one 
quencies and their ratio, it comes out about niakes up a set of "nonsense" syllables so 
the same as the ratio for our speech band. as to a\ioicl t2le problem set up by usings 
If ·ive accept the telephone speech band as "meaning" in the transmissions, one can then 
the one that carries the most essential Ineall- furnish the animal witli a set of sonic human 

inSs for us, that is, from 300 cycles to about stiinuli, voice given, including all the com- 
3,500, and you now multiply those fre- pler;it!r of our speech, ~\-ith \ier)· lar·gre 
qu""cies bp the ratio of the speed of sound numbers of variations ill various parameters 
in air to that in ~rater,~ you coine out ~yith Of the souiids. 

tile ],ands that the dolphins apparently use We chose a set of seven vowels 
in their intraspecies communicntion (1500- a~i/? o/, oo/j and t·ivo tliph- 
17,500 cyclesi. tllOllprrs iaf~ aiid oi/). We chose eleven 

We have made several thousands of collsonants: r/t i: z/: v/: ch_ or _tch/, 
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w/, m/, n/, t/, k/: anti s/. We coml,ined ing bursts of sound. I do not attempt. to 
tliese in .volvel-consonal?t: and consoiiant-vowel 'Uimic the dolphin mimicking the human. 

p"irs and randomized a set of these in the This is a very difficult: thing for us to do; 
usual fashion with a set of rantlom nulnl,ers. their usual pitch runs from about 500 to 

Then ~ve divided Lhem into groups, randomly 1000 pulses/second, ·i\ihereas the hurn7aln oper- 
ordered as to the nun7ber of nonsense syl- ator's pitch is runnin~ from about 125 to 
lables in each group, in groups front one to 300· 
ten isee Table 1.i. Under very special conditions we have 

This list was then read to the dolphin in ol,tained direct mimicking of pitch clown to 
air by the human operator SLalldin~ by the as low as 250. This is not a usual perforin- 
tank in which the dolphin was rest-ing iFig. ance. 
11!.Within a matter of 15 minutes: a dolphin Let us pap attention to the bursts of sound 
who had been esposed to a number of kinds themselves and the inter-burst silences, their 
of different sonic emissions and ~Yho had durations and the numbers in the bursts. 

some operant: conditioning training in this In the first: experiment the dolphin repro- 
area, picked up the rules of this particular duced the numiser that: the human put. out 
esperiment and proceeded to put out I,batched in 206 different emissions; he mimicked the 
ILILlllbel.S Of t)LLI.SIS Of sound 'i\'lliCh nlatched number \\iilhin 91 per cent of the correct 
the Ilumbers that 1-he human had just given. \ialue. In the second experiment: he ~\ias U1' 
For el;arnple, if the human said, "ez, ot, ir," to ~2 per cent. In the third experiment: he 
the dolphin came back 'ivith three correspond- was rum~ing 98.5 per cent. In the fourth 

Vowel or ch- 

Diphthong r 1 z v -tch w m n t k s 

e e er el ez ev etch em en et ek es 

re le ze ve ch~ we me ne te se 

i I Ir ii It Tv itch Fm `In It Ik Ps 
r`i 11 z'i vi ch'i w~ mi rii t'i kr si 

a a ar al at arch am an at ak as 

ra i. za va ch;i wa ma na k;i sa 

E ~1 ~z Pv ~tch Tem 'en ~t ~k 

ii z~ v~ chE w~ m~ n6 t~ k~ s~ 

a a 81~ av arch am a_n a_t ak as 
ra la 23 VS cha wa ma na ta k; sa 

o o or ol oz ov etch om on or ok os 

ro lo to vo ch~ wo mT; no t~ k7; so 

oo oo ~7j1 clnz ;i?v o,ch oom ~n ,oi ,nk n3r; 
mo Lor, zoo voo ch~c: woo moo noo t7~ k~ so~ 

a~ aT aTr a~il a~v aitch a~im a~i~n ait a;lk ais 
rtli la~i 2aT vaT cha~i~ wai mai naT ta~i~ ka~-~ sar 

oi oi oir oil oiz oiv oitch aim oin oit oik ois 

roi loi zoi vol choi woi moi noi eoi koi soi 

Rantll:,nlizetl sets or vo\\·cl-~:ono,lai~i anti I:~,n·;onalll-vcl\\·cl I,ail·s usctl II, I~st tlolpllin miluicr);. (I~roln 
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experiment at the end of 10 minutes at 
tliis time the emissions were coming at a rate 
of aLout one per second. He then took a five 

·tp a; minute break and came back for arlother 
tell minutes of work. Experiments varied 
in duration from 12 minutes to half an hour. 

We staged three or four such experiments 
OHumon a day when the human operator could stand 
OTape;:;rPhe the pace. The dolphin apparently would 

;;loaf" through them very well. The nolielty 
Fig. 11. Schema of esperimeIllal configruration. factor ·iuas absolutely essential to elicit this 

"' Tile Tulsiops is in the recordings position in the kind of performance. The dolphin slopped 
side-arnl. The in~estigator (0) is standing I,eside the this kind of experiment and refused to go 
side-arm; his voice is recorded tlu·ough microphone on. But if we changed the list to another 
n~l and tape challnel #1. The emissions from the 

set of sounds, he would start: again ~yith 
),lowllole of the Tnrsiops are recorded through similar accuracies as he had in the first list. 
microl,llone #2 and tape channel #2. When a footl 

TILrsiops Iruncntus is an animal that varies 
re~vnrd ("fish"':') is used, it is either manually given 

to l'ursiops or by means of a mechanical feeder 

tl·iggercti outside the tartk room. Tile fiberglass tank 

(2.5 x 2.5 meters) has a door (........) openings into 2 
other tanks. The tI.ansparenl side-arm is approsi- RI 2 2 

matelp 2.5 meters long ],y 0.5 meters wide I,y 0.5 

Illelers tleep. 
2 

espel-i,nelll it dropped to 9:1. Ry the fiith ·~ I 1 32 
experiment he was down to ~S, and by the j 41 5 2 
sixth experiment he did 98.Ti per cent. At. I 1 4 
tile seventh session he failed to perform at 

2 5 
all (Fig. 12). 

The salne list. ~ras used in each experiment; '1 5 
~ve started at a different point in the list 1 2 4 6 8 10 
eac2l time and alternated in direction for the Humon (n) 
1S)~ different items. I do not know whether Fis. 12. Distribution of the numl,ers of ),uusls ill 

it ·ivas possible for the dolphin to memorize each of 40 human emissions and in each immediare- 
any I'o'tion of this list. P;le did our best to ip consecluent dolphin emission. The number of 

prevent this contingency. No portion of it bursts in eac2l Iluman emission (n) is on the al,- 
was gone over an)' more than any other scissa; the number in the consequent dolpllitl elnis- 
1~O'Lion. The emissions, in duratiol·l, matched sion (n') is on the ordinate. The instances of exact 

withiI1 plUs or millus 50 per cent of the ecrualit,· (n = n·) are on a 45~ line (starting at 
duration of the human in 96 per cent of the n = 1 with five instances and running up to n = 10 
emissions (Fig. 13). The inter-burst silences \~ith three instances). The t~vo instances in ~vhich 
matched similarly. Thus, ~~e have a physi- the dolphin addeti one Lurst are at n = 2 and II = 4. 
cally determinable series of e\ients with high In seven instaIlces it tleducted one; in one instance, 
le·iiels of interin\iestigator agreement. tfeducted two; and once deducted three. In no 

The usual experiment ~\ias terminated by instance did the dolphin fail to reply to Lhe human 
the dolphin leaving the esperimental situa- r:mi-sinn. (Fn,nll L.illy."::) Fi~s. 12-11· col,yri#llt 19h5 
tioii. He could swiiu swap to his home tank, ],y tile l\lllerican nssnciarioll for tlic Advnncelllrllll 
lest, and then return. Usually he broke the of Science. 
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from about 100 I(g. to aj,out 200 I<g. ill corLical \\ieights: the dolphin's is approxi- 
~veight. The brain varies in the newborll mately 15 per cent more than that of man. 

from 685 Gm., in one case ~·ve have, to 1U00 The gyri and sulci are more complex. This 
Gin. ill the older animals, with all the varia- is true even ill the newborns and also in the 
tions in behveen. Brain sveight increases fetal brain, as ~~e have seen recently. 
linearly ~~iith body length from birth to full no 1-101 make the mistake of thinking that 
delielol""ent. TILI.S2:OI)S ],rail-l is the largest of its kind. 

These animals ha\ie a long ],eak ("l,ottle- The I,rain of a killer whale is much larger 
;'). The true porpoises do 170t have this aiid far ilore comPlex. One we collected nose 

beak and also do not have this size j,rain. \\ieiXhed 4·500 Gm. for a 17-fool. female 
Their brain is comparable in size to that: of Orcinus orca. 

the chimpanzee. We are de\ieloping an atlas of the dolphin, 
R usual dolphin's brain weighs 1600 Gm.; T2srsiops', brain: in collaboration with Ya- 

the usual man's brain weighs 1400, including kovlev. This atlas is scheduled for publication 
the cerebellum in each case.'Viiith regard to in 1')67 by Pergamon Press. There are now 

2500 slides from which templates are being 
I"ep"'ed. The basic portions of the brain, 
below cortex: are no·tu in hand. For instance, 

~= the archeocorlex recently has been gone over, 
.. t and the findings agree with those of Fili- 
·· monoff,"' who recently looked at Delphir2~us .:· 

dell~his' brain. The temporal lobes in these 
) · animals are very much larger than ours. 
( i , Currently we are estimating their area as 

being something of the order of 21~ times 
I .. the area of ours. I-Iowever, their occipital 

Poles are very much smaller than ours. 
Those ~Yho halie studied human cortices 

q Inicloscopicallp agree that the dolphin has 
the same I-lumber of layers of cells as does 

O Inan, aIld the cellular density is the same, 
0.1 0.3 3 10 ~yjthin a first approximation. The areas of 

Human (sec) 
diffel·entiat-ion of cortex are currently being 

Fig. 13. I)islrihution of durations of liun~an ainis done in our laboratory. 
sions and of each consequent enlissionn i,,: the dol- Practically the whole vocalization appara- 
phin. The duration of each Iiuman emission is on 

t-us, except that: portion in the larynx, is 
the a),scissa; of each tlolphin emission, on the or- innervated by the seventh cranial nerve. They 
dinai:e: eacli is a log scale. Exact esuality positions have all intranarial pair of vocalization 
are on a line at 11·5". ~ithin each emission, the tinie 

apparatuses, one on each side. Each one is 
from the I,eginnina of one I,ul·st to tl~e I,cginlling of iniiervaied by about: 30,000 fibers. If we 
the next I,urst, a\~eraaed o\;el· the ~vhole series, is 0.84· added up all the nerve fibers we have for our 
secontl for the human and 0.78 secontl for the dol- vocalizalion, we seem to come out with about 

I,l~in's icl'lic·. Some looger emission 1:ilni·5 i,)· tlii: Llle same ol·der of magriitude numerically. On 
dolpliin are accountctl for I,y more I,ursts per cmis- the output side, they come up to where we 
sion (seven instances); in two instances of jhorrer are, and on the input side somewhat better 
en~ission4, tile nlln~llel· of ],ursl:s ~\;as also reducc·dl in than ~ve are, in terms of vocalization and 
otl~rr illXI1111(:(ls, varialiOlls in tlurHlion of l,lll-sts anti the hearing side. 
of ~ilcn~~·-; I~(:LM'(·(.II 1~~11.815 il(:COIIIII~~~I 1~11: 111(: (~irr,·l·. 1:;~,,,.,:14 ,1,,,,,, the results of one of the 
ences. (Froln Lilly."") esperinlents in which the animal is mimick- 
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ing certaill aspects of our voices. Another of that will do this is the human species; 
portion of a record showed ten responses- I know that my four year old daughter can 
tell nonsense syllables given by the human, give a performance very similar to that of 
immediately followed by the dolphin giving the l'ursiops. However, she and I both flunk 
ten sounds in response to those ten. The per- out at about five or six nonsense syllables on 
forlnances are really remarkable to listen to. a new list, whereas the dolphin maintains 

These experiments demonstrate some rather his accuracy right up to ten in that list. 

dramatic differences between this species and (Additional references: ?"`'~'3S·"'1~'"'~"'L`2""~' 
the mimicking birds. The mimicking birds, 
as I understand it from those who have 

CHAIKMAN MILLIKAN: Dr. Geschwind. 

·rzlorked with them, and I have not, will mimic Dn· NORMAN GESCIIWIND: Returning to 
extremely well, probably pronouncing much Dr. Thorpe's presentation, I would like to 

better than the dolphin does, hut, they will comment on KoIlorski's theory about why 

not stick to the task nor use the degree of human beings can repeat and why primates 

concentration that the dolphin has. cannot. The structure of which Konorski 

The diligence with which a dolphin ~yill spoke, the arcuate fasciculus, is one which 
runs from the postero-superior temporal lolse 

spend minutes working with you, at very to the lower frontal lobe. The best evidence 
high speed, in this kind of exchange is start- to indicate that this tract runs back- 
ling. The only other animal species I know See'ns 

ward around the posterior end of the Sylvian 
fissure and then runs forward in the lower 

5 5 4 4 3 3 
I parietal region, eventually reaching the 

,i y frontal lobe. I agree with Konorski about the 
v particular type of aphasin which results from 

w ~ a lesion of this structure. He calls it "audio- 
Ir~ 

,w 

a.I, :· U verbal" but it has a more classical name, 
/i o 

ii: which is "conduction aphasia." IL is a dis- 
U111_-JUII~ IjlUCiL tinctive and not uncommon syndrome. 

Konorski based his views on the failure 

B of macaques to repeat on a diagram which 
o n 

\ras published by Bonin and Bailey.·'o In 
their diagram of the long corticocortical 

i r r connections in the nonhuman prirnate, you 

Fig. 14. Three tppical vocal eschanges, man-dol- do not see the arcuate fasciculus; that is, tile 
phin. i\nalysis and graphic presentation of a por- posterosuperior temporal region and the 
tion of a magnetic tape recording without cotling or lower frontal region are not connected by a 
editing (real time, continuous). Five, four, and path\Yay which runs back around the Sylvian 
three bursts in each of three human presentations fissure and then forward in the lower parietal 
are matched exactly I,y those of the dolphin. In the lobe. However, as was pointed out by these 
middle and bottom traces the two voices are sep- same authors in a later publication, the 
arated for graphic purposes by two narrow pass reason for this was that 1-he technic they 
I,and filters (Spencer-KeIlnedy) and displayed sep- were using for showiIlg the connections was 
arately. To cover the wide amplitude range (40 db) the technic of strychnine neuronography. 
an autolnatic gain control circuit was applied to the With this method you know where the fiber 
coml,ined signals, and. the resulting signal is dis- begins and you know where it ends, hut you 
played in the ultl'"'"ost t'ace. Food reinforcement haveno way of knowing what pathway it 
was used at tile times intiicatc·ci I,y r; w indicates follows since all you can pick up is the firirlg 

water splaslles.'Tlle tiuration of IliiA sctglncnt of at the end of the iiber. I11 dia\ving their 
record is 25 seconds. (Frolll Lilly."::) earlier diagram. instead of drawing the palh- 
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\vay to follow that of the kllO\YL1 arcuale cv)ling, interpreted as release of lower func 
fasciculus, Bonin and Gaile)i had dra\vll a lions from higher inhibition.'"l 
more or less straight line running through It has sometimes been proposed that man's 
the temporal lobe and endi~g up in the capacity or speech has developed from this 
frontal lobe It is clear, however; from their subcortical mechanism for nonverhal com- 
diagram that the two regions Inentioned by Inunication: but no intimate relationship is 
Konorski are connected ill the macacIue. knowll bet\yeen this deep-lying mesencephalic 
Eonin and Bailey pointed out, furthermore, iuechanism, present \ridely through the animal 
that ii. T\ias ciuite likely that the pal-h~ya)r ran kingdom; and the topographically distant 
ill the lo~rer P"'.ietal lol,e, ],ut theJ' could cortical region for speech, which has only 
neither definitely confirm nor reject: this oil apl,eal·ed with the relatively recent evolution 
the I,asis of the technic chat they were using. of associational cortex in the human brain. 
In conclusion, I agree that: the arcuate fasci- In keeping ~ziith their phylogenetic difler- 
culus is \ier)i important in man for repetition. ences, these two mechanisms for communica- 
but I do not believe we can argue that a tion display widely differing maturation times 
monkey fails to repeat I,ecause he lacks this in the ontogeny of the human infant. The 
Pathway. I think it is clearly present in the older, more stereotyped, subcortical emotional 
nonhuman prirnale, and we must: therefore Inechanism is already functional at. j,irth. By 
seek another explanation for the failure of contrast, acli·iiity of the cortical mechanism 
repetition in these animals. in understandable speech only develops ],e- 

DR. GIA1\T FRANCO ROSSI: n ver)i silnple L\yeen one and t\\io years after birth and its 
cluestion. I ~yas impressed by the similarity capacities in \\iritten language are not gained 
between some of the expression of human ulltil the child is five or six years of age. 
language and parrot: language. I ~voncler if These observations seem to oppose the view 
)rou kno~y of an)r e·iiidence of the existence that man's capacity for speech evol·iiecl from 
of brain dominance in birds. I-Tas anybody the al,ilities for emotional vocalization pres- 
tried to make lesions, on one side only. of ent ill lower animals. 017 the contrary, man's 
the I,raill of the ],ircls to see ~vhether and communication ],y symbols, both vocal and 
in \\illal: ~vn)i language was affected and, above ~ziritten, apl,ears to represent an entirelli novel 
all, to see ·ivhether the possible language in~- functional illcrernent related to the accIuisi- 
pairment occurred only or chiefly following tion of associational cortex ill front of the 
lesio~~ of one side of the ),rain? face and ]land parts of the motor area ill the 

DR. THOnPE: No, as far as I know, that case of speaking and writing, and around 
has not been done. the cortical sensory areas for audition and 

Dn. I-I. ni. 1\IAGOUN: Wilh respect to nr. vision in the case of recognition of spoken 
Thorpe's retnarks on vocalization in I,irds, and written language. iVlan's capacities for 
experimental studies on a range of experi- communicating ]sl' symbolic language are 
mental animals, which include ],irds, carni- unicIue also in depending upon neural mech- 
vores, and subhuman primates, indicate that anisms which develop only in the dominant 
vocal alld related mimetic responses illvol\ied one of the t\\io cerel,ral hel-nispheres, rather 
in the expression of arecti\re stales are man- than I,ilaterally. One can coIlclucle that there 
aged b)i a mechanism in the middle ],rain are two unrelated central neural mechanisms 
stein. This subcortical mechanism for facio- for ·iiocal er;pression in vertebrates: one for 
vocal expression is present ill man as well as nonverbal affective com~nunication, widely 
in animals. Midbrain lesions in Iiian Inay present in the animal brain stem, and a 
impair such behavior without impairment of second for verbal coinmunication, present 
his speech. Con·irersely, Miidesl"ead bilateral only in 1:he lateral neocortex of the I,iain of 
cortical injury in man mn)r I,e iollo\yed 1,y tnnn. 
a P"thologic exaggeration of laughter and DR. TTTORI'I:: I think it is ver)- important 
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to distinguish ill birds those vocalizations is: it seems, careful organization of the 
which can be produced without any practice different phrases in a particular order, as 
or training, \~hich are not learned from those characteristic of the pair. And, as I said, 
which carl be nlodified by experience. there is a lot of evidence that much com- 

I did not speak about what, we usually munication in animals is purposive. So it 
designate "call notes:' because, in general, seems to me that. M~e can find good examples 
these do not recIuire learning for their ex- of all these three characteristics of language, 
pression. You call rear birds in auditory iso- hut ~~e cannot at the moment say yuite 
lation and they will come out with the per- definitely that they are all present in one 
fectly norlnlal call notes of their species; and particular animal. 
there is no impairment. CHAIRMAN MILLIKAN: Are there other 

~ " Wihere I think you call say that a learned comments or questions? Does that conclude 
~ language does come in in bird communica your commentary, Dr. Thorpe? 

lion is in the context of song. If you rear DR. TI-IORPE: I would like to ask Dr. Lilly 
a bird such as the chamnch in auditory iso- in regard to the imitative sounds of the 
lation, it comes out with only an extremely porpoises, \yhat the sound spectrograph 
simPle secIuence of notes, resemblingr the full shows. The very striking feature, of course, 

; song in only a fe\\i respects. If it is kept in about the vocal imitations of a bird like 
i isolation until it is about 1$ months old, the Indian Inpnah iGraccLln I·eligiosn) is the 
s then it call never develop its song further. extraordinary precision of its imitations. The 

It retains the restricted kind of vocalization vocalization is so good that pou can dis- 

as its "song" for the rest of its life. So that tinguish individual human voices and vocal 
all the fine structul-e oi the ·ong. vocalization inflections; the bird can imitate, say, the 
is the result of learning from conspecifics same thing in the \ioices of t'iuo or three 

different human beings it knows. When you during the period from the time it leaves the 
nest through the first autumn hut, particu- look at the sound speclrograms, you find that 
larry, again the following spring. Then it: is the hubs of the vowels are present in almost 

: that all the fine detail is put in, and then it is exactly the same relation as they are in the 
j \ioice of the model. In all I·espects, this is an that the individual characteristics of the 

·iiocalization apPear. This seems to me to be extraordinarily precise imitation. I may give 
very similar to \Yhat \ye call language. In an anecdote to show how precise it: is. I have 
man)i species the songs are in fact signals had m~nahs which can produce, T think one 
acciuired in such a ·i\~ap as to he characteristic can sap perfectly, every phoneme in the Eng- 

b of the individual. They are recognized by lish language, and many other phonernes as 
~Yell. It is easiest to train the mynahs bp B other individuals as characteristic, as identi- 

I: iying that pa~ticular individual. having tlnclnl taught Ly a person. You can 
Coming to the question of language, it train them by tape, but: they do not learn 

* seems to me that if you use these three so quicklli or so securely that, way. I had 
I · characteristics I mentiorted-proposiiional, one of my mynahs trained bp a lady who 

syntactic, and purposive--it is difficult to ~\ias very keen oil doing this. I asked her, 
find an animal in which we call say guile in order to get soine sounds which I had not 
definitel>i that all three exist. together, but had irom a mynah before; to teach the bird 
you can find examples of these characteristics to say, "I just saw a zebra." 
separately in a great \iariet)i of animals. She taped all the training sessions, so I 

After all, the dance of the honeybee is could study the details of the learning 
proPositional in that it does give p'.ecise in- process. The nlynah came out sayings this 
formation about direction and distance of very well. "But," she said, "you know, it is 
a good supply. The songs of these shiikes curious that it says 'I just: saw a tlebra.l" 
I was describing to you are syntactic. There Actually the teacher is a I-Iungarian \vho 
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caine to Eiigland as a girl, a refugee: and sl,ectrograph. I-Ie cannot do very ~c;ell either 
no\v sPeaks absolutely perfect English, but \vith our j,asic pitch, forrnartt 1 region; in 
sire does occasionally misP'o"ounce the "z." other ~Yords, he cannot work down in that 
She noticed the Injstake at. once when the region ~vell; escept by changing his repetition 
mynah said "debra" aritl not :'zel,ra." Thai rate ~cvhich, of course, does not give you the 
is just a little anecdote indicati·c;e of the resonances in that region. In other words. 
exlraordinary precision of their imiialion. he is copying ioimants 2 and 3 but putting 
But one finds it again and agaiii in ones thein at characteristic freciu""cies two to four 
tl-ainillg exl,el·imellrs. Limrs our chal-acte~islic frequencies. 

Mynahs learn a very great tleal \yhicll This means that, with the ordinary speecli 
they do not often utter. Yel they have Dhrases spectrograph and with the filters used, you 
H~hich are particular fn·iioriies, which they cannot see vel-Jr well the resemblances. You 
will repeat constantly. They can store awn~ must ~viden out the pass band of the analyz- 
a ver)r great numl,er of sounds but it: is oiten ing filter, and you must do other things to 
difficalt lo Rel ihem to reproiiuce their full tlle spectl·ogrnph before you can, as it rvere, 
~:ocabolar~. make a one-to-one correlation bet~\~een these 

I \Yould like to know Tvhat the sound spec two vastly different regions in frequency. 
trograni sholys in the case of the dolphin I do not feel that: the dolphin is as good 
vocnlizations, because that seerns to me Lo a Inimic ill our hearings and speech fre- 
be the real criterion for good imitation of quencies as are the mynah birds or the human 
the hulnan voice. Also I would like to know I:,eing. This is ol,vious to anybody ·rvho listens 
is there anything kno'i~n about the range of to the tapes. As I said before, the Ditch is 
discriinination of the dolphin's hearing. way too high; practically everything is way 

DR. LILLY: I L17i17k the answer to that is. too high. 
as the speech people keep sa)·ing, that the All we are sa)iingr is tllnt: there are certain 
specirograph is a very poor measure, a very aspects in which he carl mimic extremely 
I-'Oor judge of hou; nell Hn~thingr is miln- accurately ~;ith new mnterial over lorlg 
icked. One can pick up, of course, ~Vith the periods of time: in very complex secIuences, 
Iiiynahs anrl the parrots, the I,asic pitcli a~d ~ehicii the myliahh bird or ihe parrel cannot 
vurious iorlnantss of things. Also one can do do. The dolphin has abilities not matched by 
this to a certain csient ~~;ith the dolphin, Il~e ]Jird, and the ],irci has ahiiities the 
but ~·e have mallL. Lechnical I,roblems here. dolphin calinot maicii. Ttle t~\~o are ver~, 
one is that. the dolphin's \ioice goes to ex- 'iier)r different animals and both very, very 
trcmely high f~ecluencies, anrl his hearing differelll fl·om us. Call Dr. Thorpe's rnyllahs 
ill]l'"'"nL1~ faiis off very ral,iciiy in the \rel) P'·oduce on first exposure WithOill pmctice 
lo\z~ frequencies but continues way beyond 10 nonsense syllables immediately after a 
ours, human utterance of them, and theri 9: 3, 7, 

To get the best enunciation from a dolphiii, 2, etc., at: an average rate of 1 per second 
we found that ·ive had to chop off the fourth for stimuli and responses arid latencies be- 
formaiil very sharply at about 80 db./octave, Liueen humaii and bird of 0.5 second? 
using ver!; sharp fillers, in order not to con- 

CI-IAIRnIAN RaLLIKAN:: Dr. Thorpe, do you i. 
fuse him \\;ith the Presence and absence of have any final comment? 
the fourth formant because apparently his re- DR. T~onPE: No, I don't think so, escept 
ceivingr side has such a high amplitude that to say that soine birds also can imitate long 
he tends to overeinphasize it in ~vhal he puts anti comDlex new secluences. 
back. When we cut, off tile ourlh formant. CHAIRR?AN MILLIKAN: Dr. Hirsh ·iuill now 
~~-e Ih~n fintl he~ r~ill mimic vc·1·- ~vell clul rliscuss "Infollnattool I'rocessillg in ~"I'Ut 
formnltt~ 2 and 3. as measured orr the sountl Channels for Speecli and Language." 


