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I INTRODUCTION 

This p ro jec t ,  a program of research intended t o  determine 

the f e a s i b i l i t y  of e s t a b l i s h i n g  a language, approaching 

English,  between man and dolphin was i n i t i a t e d  i n  October 

of 1964. 

P r io r  work, Bastian,  (1) Bates, (2) Bateson, (3) Breland, ( 4 )  

Busnel, (5) Kellogg, (6) L i l l y  (7)  and Norris (8) indi.cated 

t h a t  the cetacea e x h i b i t  extensive cooperative behavior and 

t h a t  t h i s  behavior i s  dependant on a high r a t e  of informa- 

t i o n  exchange. The delphinidae i n  p a r t i c u l a r  have been 

shown t o  produce and respond behavioral ly  t o  whis t l e s ,  r e -  

l a t i v e l y  pure s inusoida l  tones, modulated i n  amplitude and i n  

frequency between 1 and 25 kHz. Thus, they possess vocal 

and audi tory  apparatus capable of producing and processing 

acous t i ca l  information a t  a r a t e  s u f f i c i e n t l y  high t o  permit 

the  development of an extensive vocabulary of acous t i ca l  

tokens or  words which, when assigned meaning through con- 

s i s t e n t  usage, may serve a s  a bas i s  f o r  the development of 

a language. 

For t h i s  s tudy,  words were constructed by modulating pure 

tones  i n  length and frequency. E lec t ron ic  devices were 

b u i l t  t o  t r a n s l a t e  human vocal sounds i n t o  whis t le  



Contours modulated i n  length and p i t ch  and t o  t r a n s l a t e  

dolphin whis t l e s  i n t o  humanoid vocal sounds. These devices 

provide a channel of communication between man and dolphin 

when coupled t o  the respect ive  environment by microphone, 

loudspeaker and hydrophone. The program, from 5 October 

1964 t o  October 1965 (9) was s p e c i f i c a l l y  designed t o  

answer the following quest ions.  

1. W i l l  a dolphin respond t o  an e l e c t r o n i c a l l y  

derived acous t i c  st imulus? 

2.  Can a dolphin separate  o r  d i s t ingu i sh  among f r e -  

quency modulated whis t les  produced by e l e c t r o n i c a l l y  

t racking  modulation i n  a r t i c u l a t e d  vowe 1 sequences? 

3. Can a dolphin imi ta t e  the modulated whis t l e s?  

During t h i s  port ion of the study, conducted a t  the  P t .  

Mugu Cetacean F a c i l i t y ,  P t .  Mugu, Ca l i fo rn ia ,  a dolphin,  

Tursiops t runcatus  (Montague) named "Dash" and subsequent] y 

renamed '%lauin, was t ra ined  t o  d i f f e r e n t i a t e  among f i v e  

words, BIP, BAIEP, BEIAP, BAEP and UWEIAP, and ass ign  t o  

them a behavioral  response: h i t  a b a l l  with h i s  pec to ra l ,  

go through a hoop, r a i s e  h i s  f lukes ,  produce a sonar sound 

(PAC) and r o l l  over. This animal was a l s o  t ra ined  t o  

i m i t a t e  each of the above words. 



Standard operant condi t ion ing  techniques were used t o  t r a i n  

the  animal and the l e v e l  of 85% c o r r e c t  responses achieved 

by Dash was thought s u f f i c i e n t  t o  demonstrate d i f f e r e n t i a -  

t i o n .  Having demonstrated the ex i s t ence  of a channel of 

communication and thus  the  p o s s i b i l i t y  of developing an 

i n t e r  spec ies  language, t he  program from 4 October 1965 t o  

14 December 1966 (10) was designed t o  i n v e s t i g a t e  the  e x t e n t  

t o  which such an i n t e r a c t i o n  might be developed. 

This program was s p e c i f i c a l l y  designed t o  answer the  

fol lowing quest ions:  

1. To what e x t e n t  a r e  secondary cues involved i n  be- 

havior  d e f i n i t i o n s  and can they be sys t ema t i ca l ly  r e -  

moved such t h a t  t h e  s t imulus  word i s  the  only a v a i l a b l e  

c a r r i e r  of response evoking information.  

2 .  Will the  animal respond d i f f e r e n t i a l l y  t o  a time 

ordered sequence of response evoking s t i m u l i .  

The a b i l i t y  t o  answer these  ques t ions  depended on t h e  

development of more s t a b l e  t r a n s l a t i n g  devices  and on 

the  development of a device which would provide a c l e a r  

v i s u a l  p re sen ta t ion  of the  a c o u s t i c  i n t e r a c t i o n .  



A second animal, a  female Tursiops named "Dopy" and sub- 

sequently renamed "Puka", was acquired and t r a ined  t o  

respond d i f f e r e n t i a l l y  t o  two e l e c t r o n i c a l l y  generated 

and very s t a b l e  whis t le  contours. 

Both animals were moved f o r  convenience t o  a  la rge  a r t i f i c i a l  

lagoon located i n  Kaneohe Bay, Oahu, Hawaii, where develop- 

ment and t r a i n i n g  were continued. The da ta  i n  Section I V  

below ind ica te  the progress achieved a t  the  end of t h a t  

r epor t  period. 

The program f o r  the  r epor t  per iod,  14 December 1966 t o  13 

December 1967 was designed t o  extend the  i n t e r a c t i o n s  be- 

tween t r a i n e r  and dolphin and t o  include i n t e r a c t i o n  be- 

tween the two animals wi th in  the  previously developed 

communication s t r u c t u r e .  Two devices developed i n  t h e  

previous r epor t  period were introduced f o r  f i e l d  t e s t i n g .  

Sec t ion  I1 below i s  a  desc r ip t ion  of the  f a c i l i t i e s  

used during t h i s  por t ion  of the  inves t iga t ion ,  Section I11 

descr ibes  the  devices and equipment used and developed i n  

t h i s  r e p o r t  period, and the  course of the  man-dolphin 

i n t e r a c t i o n  i s  summarized i n  Sect ion I V .  



I1 FACILITIES 

Training during the r epor t  period 14 December 1966 t o  13 

December 1967 was conducted a t  Coconut Is land lagoon 

located i n  Kaneohe Bay, Oahu, Hawaii. 

Figure 2-1 i s  a general  view of the t r a i n i n g  f a c i l i t y  

showing most of the lagoon area ,  the houseboat which housed 

the  apparatus and provided a working platform f o r  the 

t r a i n e r s ,  and the f l o a t  c i r c l e  which defined the  work a rea  

i n  e a r l i e r  t r a i n i n g  and which provided a place t o  pos i t ion  

props associa ted  with the animal's responses. This f a c i l i t y ,  

personnel and animal t r anspor t  t o  and from the  i s l a n d ,  food 

f i s h  f o r  t h e  two dolphins,  ve te r ina ry  support ,  f a c i l i t y  

maintenance, i d l e  care  of the animals, and o f f i c e  space a t  

Oceanic I n s t i t u t e ,  Makapuu Point ,  Hawaii was provided by 

the  Oceanic I n s t i t u t e  under USNOTS Contract N00123-67-0107. 

On 1 November 1967, both animals were placed i n  a newly 

constructed t r a i n i n g  tank a t  Oceanic I n s t i t u t e .  



Figure 2-1 .  Over view of training area a t  Coconut Island 
showing f loa t  circle, houseboat and training 
session i n  progress. 

I11 DEVICES and APPARATUS 

Two devices were constructed and f i e l d  tested during the 

report period. A Man t o  Dolphin Translater Mark 5 (MDT-5) 



was placed i n  se rv ice  5 May 1967. This ins t rument ,  an 

improved vers ion of the  Man t o  Porpoise Trans la tor  incor -  

porated i n  the  Man t o  Porpoise I n t e r g r a t e d  communication 

system (MPI) previously i n  use t o  t r a n s l a t e  spoken words 

i n t o  frequency modulated w h i s t l e s ,  i s  dr iven from an 

Electro-voice 647 A microphone and d r i v e s  an A t l a n t i c  

Research, Inc.  LC 32 hydrophone. Subsequent t e s t i n g  and 

redesign produced MDT-5 s e r i a l  3,  put i n  use 27 September 

1967. A t echn ica l  manual f o r  t h i s  device i s  included a s  

Appendix A. 

A Multi  Spectrum Analyzer, (MSA-1) was a l s o  placed i n  use 

5 May 1967. This device accepted inpu t s  from the  lagoon 

v i a  a  second A t l a n t i c  Research Inc.  LC 32 hydrophone, 

amplif ied by a  Lis ten ing ,  Inc . ,  FET preampl i f ie r ,  and 

presented a c o u s t i c  events  p l o t t e d  g raph ica l ly ,  frequency 

i n  kHz V.S. time i n  inches per second, on e l e c t r o  s t a t i -  

c a l l y  s e n s i t i v e  c h a r t  paper, Time Fax NDK manufactured 

by Fi tchburg C.P.I., Scranton,  Pennsylvania. This i n -  

strument replaced the  Porpoise t o  Man Trans la tor  (PMT) 

coupled t o  a  Sanborne Co. 320 dua l  channel D.C. ampl i f i e r  

recorder  previously i n  use f o r  observat ion of underwater 

a c o u s t i c  events .  



Subsequent t e s t i n g  and redesign produced the MSA-2 which 

was put i n  use 27 September 1967. A t echn ica l  manual f o r  

the  MSA-2 i s  included a s  Appendix B. 

I n  add i t ion  t o  the  MDT-5-3, and MSA-2, a Crown 800 two 

channe 1 tape recorder  was used t o  record the t r a i n e r  's 

voice and underwater sounds from the lagoon during 

sess ions .  The lagoon sounds could be monitored by the 

t r a i n e r  v ia  headphones dr iven by the  Crown 800 tape recorder  

or v ia  a R e a l i s t i c  Nova s e r i e s  loudspeaker dr iven by a Dyna 

K i t  S t e ro  35 power ampl i f ie r .  

The communication system used i n  t h i s  program a t  the Coconut 

Is land f a c i l i t y  i s  shown i n  block diagram i n  f igure  3-1. The 

photograph i n  f i g u r e  3-2 shows the i n s t a l l a t i o n  of the equip- 

ment aboard the houseboat. 

I V  TRAINING 

Two dolphins,  Tursiops t runcatus ,  named Maui, a male, and 

Puka, a female, were t ra ined  using standard operant con- 

d i t i o n i n g  techniques (11) t o  respond with gross  body motions 

and voca l i za t ions  t o  e l e c t r o n i c a l l y  t r a n s l a t e d  English 

language phoneme s e t s .  Tables 4-1-1 and 4-1-2 l i s t  the  

comand - response s e t s  f o r  each animal i n  use as  of 1 

November 1967. -8- 



1 MPI 

I Ch. 1 

1 (Lagoonsounds) 

i Ch. 2 

MIKE 

Receiving 
Hydrophone 

Transmitting 
Hydrophone 

LAGOON 

Figure 3 -1 .  Block Diagram of Apparatus 



Figure 3-2. Equipment rack. Top t o  bottom, loudspeaker 
rnultirneter and spare tape, MSA-1, MPI and 
Crown 800 tape recorder. 



ANIMAL NAME COMMAND RE SPONSE RESTRICTIONS 

PUKA IMUA B I P  H i t  b a l l  with none 
OK pectora l  

PUKA IMUA BAIEP Swim through none 
OK hoop 

PUKA IMUA UWEIAP Roll  over none 
OK 

PUKA IMUA WAVE Wave pectora l  none 
OK 

PUKA IMUA MAUKA Come t o  i n -  Must be outs ide  
OK s t a t i o n  f l o a t  c i r c l e  when 

rece iv ing  command. 

PUKA 

PUKA 

PUKA 

PUKA 

IMUA M A U I  Go away from Must be ins ide  
OK i n s t a t i o n  i . e  . f l o a t  c i r c l e  when 

go seaward, out- rece iv ing  command. 
s ide  f l o a t  c i r c l e  

IMUA PLOP Slap f lukes  none 
OK 

IMUA YUMP Jump out of none 
OK water 

RE PEAT Vocalizes word Receives command 
"above words" and responds a t  
OK i n s t a t i o n  ( t o  da te  

only B I P ,  BAIEP,  
UWE I A P  and BAEP 

MAUI IMUA/REPEAT No response none 
"word" OK 

Table 4-1-1. Command-response s e t  f o r  Puka a s  of 1 November 
1967. 



ANIMAL NAME 

MAUI 

MAUI 

MAUI 

MAUI 

MAUI 

MAUI 

MAUI 

MAUI 

MAUI 

MAUI 

MAUI 

COMMAND RE S  P ONSE 

IMUA B I P  H i t  b a l l  with 
OK pectora l  

IMUA BAIEP Swim through 
OK hoop 

IMUA UtJEIAP Roll over 
OK 

IMUA BAEP Make sonar 
OK sound 

IMUA RETREIVE Retreive 

IMUA BURRAP 

IMUA MAUKA 
OK 

IMUA MAKAI 
OK 

IMUA PORT 
OK 

IMUA 
STARBOARD 
OK 

IMUA BEIAP 
OK 

bo t t l e  

Swim fa r the r  
away (seaward) 
than present 
locat ion 

Came t o  in -  
s t a t i o n  

Go away from 
in s t a t i on  i .e .  
seaward, outside 
f l o a t  c i r c l e  

Swim t o  h i s  
l e f t  

Swim t o  h i s  
r i g h t  

Raise f lukes 

RESTRICTIONS 

none 

none 

none 

none 

Receives command 
ins ide  f l o a t  
c i r c l e ,  takes 
bo t t l e  from any- 
where on f l o a t  
c i r c l e ,  r e tu rns  
i t  t o  i n s t a t i on  

none 

Must be a t  locat ion 
other than in -  
s t a t i o n  when re -  
ceiving command 

Must be ins ide  
f l o a t  c i r c l e  when 
receiving command 

A t  i n s t a t i o n  

A t  i n s t a t i on  

none 



MAUI 

PUKA 

RE PEAT Vocalizes word Receives command 
"above words I '  and responds a t  
OK i n s t a t i o n  ( t o  

da te ,  only "BIP", 
1 1 ~ ~ ~ ~ ~ 1 1 ,  'WE IAP" 
and "BAE P . I '  

IMUA/REPEAT No response 
"word I '  OK 

none 

Table 4-1-2. Command response s e t  f o r  Maui a s  of 1 November 
1967. 

Several  of the  above words, BIP, BAIEP, UWEIAP, BAEP, B I Y I B ,  

BEIAB, BIEAP and BAEIP were constructed from English 

language vowel sounds i n  an e a r l y  p a r t  of t h i s  study t o  

determine whether o r  no t  the dolphin could d i f f e r e n t i a l l y  

respond t o  se lec ted  changes i n  t r a n s l a t e d  vowel sounds. 

Table 4-1-3, a t  the  end of t h i s  s e c t i o n  compares the  

spoken words with frequency V . S .  time p l o t s  of t h e i r  e l e c -  

t r o n i c  t r a n s l a t i o n s .  Table 4-1-4 below i s  a key f o r  the  

pronuncait ionof the  severa l  s p e c i a l l y  constructed words. 

V m L  SYMBOL 
I 

PRONOUNCE D 
h i t  (Bip only) - 
hea t  - 
Yet 
msma 
S u i t  
bZi - t 

Table 4-1-4. Pronounciation key f o r  a r t i f i c a l  words. 

-13- 





Figure 4-3. Puka hit t ing a tether ba l l  with her pectoral. 

Figure 4-4. Maui, retrieveing a bottle by pulling a string. 

-15- 



Summaries of each t r a i n i n g  sess ion ,  genera l  observations and 

da ta  on t r a i n i n g  progress were recorded i n  the  p ro jec t  log 

book. Tape recordings were made of se lec ted  sess ions .  

During t h i s  per iod,  Maui's t r a i n i n g  was d i rec ted  towards 

maintaining the  l e v e l  of performance obtained i n  the  p r i o r  

r e p o r t  period, the  add i t ion  of the  word REPEAT t o  h i s  

vocabulary t o  separa te  gross  body and vocal response,  the  

addi t ion  of the  words MAUI and PUKA t o  separa te  respond- 

ing  animals and improvement i n  response confidence l e v e l  

t o  the words MAKAI and MAUKA. A s  of 20 March 1967, Maui 's 

commands and responses were a s  shown i n  Table 4-5 below. 

ANIMAL NAME COMMAND RESPONSE 

MAUI IMUA BIP H i t  the  b a l l  
OK 

MAUI 

MAUI 

MAUI 

MAUI 

MAUI 

MAUI 

IMUA BAIEP Go through 
OK hoop 

IMUA BEIAP Raise f lukes  . 

OK 

IMUA UWEIAP Rol l  over 
OK 

BAEP Produce sonar 
sound 

MAUKA Come t o  i n  
s t a t i o n  

MAKAI Go t o  out- 
s t a t i o n  

RESTRICTIONS 

Must be a t  i n -  
s t a t i o n .  

Must be a t  i n -  
s t a t i o n .  

Must be a t  in -  
s t a t i o n .  

Must be a t  i n -  
s t a t i o n .  

Must be a t  i n -  
s t a t i o n .  

* Must be a t  
o u t s t a t i o n .  

*Must be i n -  
s t a t i o n .  



MAUI REPEAT BIP Imitate  the Must be a t  i n -  
word s t a t i on .  (See 

Figures 4-6 and 

MAU I REPEAT BAIEP Imitate  the 11 

word 

MAUI REPEAT BEIAP Imitate  the I 1  

word 

MAUI REPEAT UWEIAP Imitate  the I 1  

word 

For a l l  above, Puka must be outside f l o a t  c i r c l e .  

* Must s t a r t  session with Maui or Puka MAUKA/MAKAI, may not 

be preceded by any other  command. 

Table 4-5. Command - response s e t  f o r  Maui as  of 20 March 
1967. 

Figure 4-6 below i s  a photographically reduced s e t  of records 

produced on Sanborne Co. char t  recording paper showing f r e -  

quency V.S.  time p lo t s  of ~ a u i ' s  vocal responses. This 

pa r t i cu l a r  s e t  was obtained from the animal during p r io r  

work on t h i s  projec t  a t  Pt.  Mugu, Cal i fornia  but it i s  re -  

presenta t ive  of the in te rac t ion .  The obviously low s i gna l  

t o  noise r a t i o  l imited the t r a i n e r ' s  a b i l i t y  t o  use t h i s  

method f o r  recognit ion of cor rec t  vocal responses. 

Puka, i n  t h i s  period, was t ra ined t o  d i f f e r e n t i a t e  the words 

BIP, BAZEP and UWEIAP by producing the appropriate  response. 

The animal had previously been t ra ined t o  produce a behavior 

with the proximity of the prop o r  r e l a t i v e  pos i t ion  i n  the 

-17- 



Figure  4 - 6 .  Photo reduced Sanborne strfp chart of Maui 's 

vocal responses. 
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lagoon a s  a cue and with a generalized hand s igna l  t o  r e l e a s e  

the response. The graph i n  Figure 4-7 shows the response 

confidence l e v e l  obtained f o r  each of the th ree  behaviors 

over the  period of t i m e  i n  which two of the three  behaviors 

were introduced a s  vocal commands. 

These data  were based on sessions of approximately 50 t r i a l s  

i n  which the - a p o s t e r i o r i  p robab i l i ty  of each behavior occurr-  

i n g  next was about one ha l f  f o r  the  two-behavior sess ions  

and about one t h i r d  f o r  the  th ree  behavior sess ions .  The 

t r i a l  sequence was, however, determined by the t r a i n e r  during 

the  sessions.  

Table 4-8 l i s t s  the sess ion  number corresponding t o  da ta  

poin ts  on the graph i n  f i g u r e  4-7, the  da te  of the sess ion  

and the  numerical percentage c o r r e c t  choices f o r  each r e s -  

ponse. 

SESSION 

1. Tues 
2. Wed. 
3. Wed. 
4. Tues. 
5. Tues. 
6. Wed. 
7. Wed. 
8. Thur. 
9. Thur. 

10. F r i .  
11. Tues. 
12 .  Wed. 





Wed. 
Thur . 
F r i .  
F r i .  
Mon . 
Wed. 
Wed. 
Thur , 
F r i .  
F r i .  
Mon . 
Tues . 
Wed. 

B = Bal l  
H = Hoop 
R = Rol l  over 
T = Total 

CB = No. co r rec t  b a l l  responses/  
no. b a l l  commands, e t c .  

Data based on 50 t r i a l s / s e s s i o n .  
Next command se lec ted  by t r a i n e r .  

Table 4-8. Percentage cor rec t  responses.  

Table 4-9 below l i s t s  the  command sequence and responses 

from which the  da ta  po in t s  of sess ion  -1124 were generated.  

Hoop/correct 
Hoop/roll 
Hoop/roll 
Hoop/correct 
Hoop/correct 
Rol l  /hoop 
Rol l / co r rec t  
Ro l l / co r rec t  



Table 4-9. Transcript ion of t r a i n i n g  session w i t h  Puka 
February 7 ,  1967. 

This animal was a l s o  t r a ined  t o  respond t o  an e l e c t r o n i -  

c a l l y  generated r i s i n g  o r  f a l l i n g  whis t le  by turn ing  her  

head t o  the  r i g h t  o r  l e f t .  This work was discontinued 

on 5 May 1967 when the contour generat ing device was re -  

turned f o r  redesign.  Table 4-10 d i sp lays  the  command 

response s e t  i n  use f o r  Puka as  of 20 March 1967. 

ANIMAL NAME COMMAND RE SPONSE RESTRICTIONS 

PUKA BIP OK H i t  b a l l  Must be a t  i n -  
s t a t i o n .  



PUKA BAIEP OK 

PUKA UWEIAP OK 

PUKA MAKAI 

PUKA MAUKA 

PUKA BAE'IP + 

PUKA BIEAP + 

Go through 
hoop 

Raise f lukes  

Go t o  out-  
s t a t i o n  * 
Come t o  i n -  
s t a t i o n  * 
Turn head t o  
r i g h t  

Turn head t o  
l e f t  

Must be a t  in -  
s t a t i o n .  

Must be a t  in -  
s t a t i o n .  

Must be a t  i n -  
s t a t i o n .  

Must be a t  out-  
s t a t i o n .  

Must be outs ide  
f l o a t  c i r c l e .  

Must be outs ide  
f l o a t  c i r c l e .  

* Must s t a r t  sess ion  with Maui/Puka - MAuKA/MAKAI, may not  
be preceded by any o ther  command. 

+ Generated by ACB box. (10) 

For a l l  above, Maui must be outs ide  f l o a t  c i r c l e .  

Table 4-10. Command response s e t  f o r  Puka a s  of 20 March 
1967. 

During the  period 20 March 1967 t o  1 November 1967, t r a i n -  

ing  was conducted by M r .  Pe ter  Markey with the  a s s i s t a n c e  

of Miss El izabeth  Loeb. A systematic  attempt was made t o  

genera l i ze  the intended opera t ional  d e f i n i t i o n s  of command 

words, t o  increase  the  number of command response po in t s  i n  

each animal 's  s e t  and t o  r equ i re  the  animal t o  i n i t i a t e  a 

t r a i n e r  animal response sequence. 



Table 4-11 below ind ica tes  the course of the  man-dolphin 

i n t e r a c t i o n  during t h i s  t r a i n i n g  period. This Table 

includes a s  sec t ion  I, a graphical  ana lys i s  of the r e s -  

ponse confidence l e v e l  f o r  each of the  physical  behaviors 

l i s t e d  i n  Tables 4-1-1 and 4-1-2 above. Sect ion I1 l i s t s  

the  t o t a l  t r i a l s ,  number and percent co r rec t  responses 

f o r  each of the  command sequences involving gross  body 

motion. Sect ion I11 i s  a t r a n s c r i p t i o n  and ana lys i s  of 

one of the included sess ions ,  while sec t ion  I V  l i s ts  

those events  introduced i n  the  course of t r a i n i n g  thought 

t o  be s i g n i f i c a n t  t o  the  man-dolphin i n t e r a c t i o n .  

I n  addi t ion  t o  the  development of the  non-vocal behavior, 

p a r a l l e l  work was done on vocal behavior. Maui was 

t r a ined  t o  i m i t a t e  seve ra l  of the  command words with a t t e n t i o n  

paid t o  absolute  and r e l a t i v e  p i t c h ,  durat ion and harmonic 

content .  He was a l s o  required t o  hold h i s  response u n t i l  r e -  

leased by the  word OK. Figure 4-12 shows a comparison of 

the word t o  be imi ta ted  and the  animals response taken t o  be 

c o r r e c t  a s  of 5 May 1967. 

The da ta  presented a s  Table 4-13 a t  the end of t h i s  s e c t i o n  

were obtained from an inprogress  t r a i n i n g  sess ion ,  the  5 th  

on 8 September 1967, and show a separa t ion  of non-vocal and 

vocal behaviors a s  we l l  a s  the  degree of i m i t a t i o n  obtained 

a t  t h a t  da te .  -24- 



Figure 4-12. ~ a u i ' s  responses to the command, % A U I  REPEAT 
BIP/BAIEP/uWEIAP. " "BIYIB" indicates res- 
ponse accepted by trainer. 



By September, ~ u k a ' s  physical and vocal responses t o  command 

s i t ua t i ons  were s imi lar  t o  those displayed i n  Table 4-13 f o r  

Maui . 

In  the  attempt t o  remove unintent ional  enviromental secondary 

cues, an e f f o r t  was made t o  randomize durat ion of t r a in ing  

sess ions ,  i n t e r  session i n t e r v a l  and the order of command 

presentat ion sequence. Typical command response sequences f o r  

a one t r a i n e r  two dolphin system during a session were a s  

follows : 

1. Trainer: V U K A  IMUA UWEIAP OK" "BIYIB" no f i s h .  

(Maui) no response f i s h .  

2 .  Trainer: ' M U 1  IMUA BIP OKt1 "BIYIB" f i s h  

(Puka) no response no f i s h  

3. Trainer: "MAUI REPEAT BAIEP OK" Negative no f i s h .  

(Puka) some response no f i s h  

The Trainer - Dolphin decision paths f o r  each stimulus - 
response event during a sess ion a re  diagramed i n  Figure 4-14 

below. An e f f o r t  was a l s o  made t o  remove pos i t ion  cues by 

randomizing the animal 's  s t a r t i n g  pos i t ions .  



MAUKA I I 
GAME TIM 

BEIAP I B I Y I B  

ALL PW 

WAVE- I I 

* Indica tes  words the  animals have been asked t o  imi ta te .  

Figure 4-14. Diagram of Trainer-Dolphin decis ion paths. 

The i n i t i a t i o n  of each sess ion was marked by the  words "GAME 

TIME." The termination was marked by the  words "ALL PW." 

Time V.S. frequency p lo t s  a t  these two words appear i n  Figure 

4-15 below. -- 
I 

7 

GAME TIME ALL PAU 

I _ -  -- -- 

Figure 4-15. Time v.s. frequency p l o t s  of the  words GAME TIME 
and ALL PW. 



Table 4-1-3 

English language command words compared with 
frequency V . S .  time plots  of the whistle trans- 
la t ion  of the word generated by the Listening, 
I n c . ,  Multi Spectrum Analyzer. 















Table 4-11 

Section I 

Response l eve l  i n  percent correct for selected 
sessions 29 May - 16 October 1967 V . S .  animal's 
command. 

Section I1 

Trial vs correct responses fox each selected 
session.  

Section I11 

Transcription and analysis of typical  tape 
recorded session.  

Section I V  

Significant changes introduced t o  the man- 
dolphin system. 
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Table 4-11, Section 11. Session summaries 

SESSION COMMAND 

BIP BAIEP UWEIAP MAKAI WUKA BEIAP BAEP BL'RRAP WAVE, RETRIEVE YUMP STD'B TOT. 
1 I I 1 

6 June6 7 
2of4 
Maui Imua 
bip-baiep 
test-neg 

check 

8June67 
l o f 4  
review 

8June6 7 
2of4 
review 

9June67 

check 



Table 4-11 ,  S e c t i o n  11. S e s s i o n  summaries 

COMMAND SESSION 

BEIAP BAEP BL'RMP WAVE , RETRIEVE WMP STD'B . TOT. 

I I 3 /3  

BIP BAIEP WJEIAP MAKAI MAUKA 

I i 9June67 M 

30f 5 A T - 
U Puka swi tch  IX 

baiep-uweiap 

"2 
K 
A % 

12June67 M 

l o f  4 
check U 

I % ignore repea+- 

13June67 

both i n s i d e  I 
c i r c l e  P- 

I 

13June67 M 

2of4 A T - 
both i n s i d e  U 

ignore repeat  



SESSION 

Table 4-11, Section 11. Session summaries 

COMMAND 

BIP BAIEP UGJEIAP PlAKAI MA-UKA BEIAP BAEP BL'RRAP WAVE. RETRIEVE YUMP STD'B TOT. 
P 

M 1 4 J u n e 6 7  A 
l o f  4  
c h e c k  u 
b o t h  i n s i d e  1 %  

P 

1/1 

1 0 0  

1/1 u T 
K 
A 2 

1 4 J u n e 6 7  M 
A T 2 0 f 4  

c h e c k  u 
b o t h  i n s i d e  I X 

322 

6 6  

4 / 4  

3/21 2 / 2  1 4 / l b  

8 6  

1 6 / 1 3  

6 6  

6 6  

1/1 
I 

1 0 0  1 j 
1 

I 

1 0 0  

I 
t 

I 

1/1 ' 

1 0 0  

. 3 / 2  2/21 6 / 4  
I 

i g n o r e  repeat% 3  
U T 

l o o 1  1 0 0  1 0 0  00 

8 1  
a .  

3 / 3  

1 0 0  

1 0 0  
I 

3 / 1  1 1/1 

3 0 f 4  A T .  
Puka  b a i e p -  
u w e i a p  1 %  

8 / 7  

66  1 0 0  

8 6  

1 8 / 1 0  

1 0 0  6 6  j 1 0 0  
I 

! 

! 

I 1/1 1/1 1/1 
1 

1 0 0  

56 

8 / 8  

1 0 0  

1 0 / 9  

9 0  

9 / 7  

7 R  I 
1 5 l k  

5  3 

K 
A % 

K 
A X 

1 4 J u n e 6 7  M 
A T 4 o f 4  

b o t h  i n s i d e  U 
t a p e  o u t  I X  

P 
U T 
K 
A X 

1 5  J u n e 6  7  M 
l o f 4  A 
c h e c k  U 

I 
P 
u 
K 
A 

i g n o r e  repeat% 
U T I 

1 0 0  

4 / 3  

75 

75 
I 

I 

2 / 2  
1 

1/1 

3 3  

3 / 3  

1 0 0  

1 0 0  1 1 0 0  1 
1 I 

1 

I 

1 / 0  1/1 

1 0 0  

1 0 0  

2 /2  

l o o  

2 /2  

1 0 0  

2 / 2  

1 0 0  

2 / 2  

1 0 0 ,  

3 / 2  / 4 / 4  1 4 J u n e 6 7  M 

1 0 / 9  2 /0  i 
I 

33  

1/1 

l o o  

1/1 

1 0 0  

3 / 1  
- -- 

I I 

I 
I I 

[ i 
! -- 

1/1 

3 / 1  

4 / 3  

9 0  I 0 0  I 

' 
8 8  

1 7 / 1 0  
- ,  

59  

I 1 I 

3 3  L 1 - -- - -- 

1 2 / 2  ] 

1/1 

1 0 0  

1 / 1  

i n o  

1/1 

1 4 / 1 2  

2 / 2  / 1/1 
I 

l o o  / l o o  i l o o  
1 I 

4 / 4  / 2 / 1  i i / i  
1 

1 0 0  50 
loo 

I 

3 / 1  2 /2  /1 /1  
I 

"33 1 0 0  , l o o  
I 

8 / 3  2 /2  ' 
37 1 0 0  _ 1 

-- 

1 

I 
i 

I 

I 

i 
, 

I i 
I 

I 

- 
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Table 4-11, Sec t ion  11. Session summaries 

COMMAND 





SESSION 

Table 4-11, S e c t i o n  11. S e s s i o n  summaries 

COMMAND 

BIP BAIEP WEIAP MAKAI WJKA BEIAP BAEP BL'RRAP WAVE, RETRIEVE YUMP STD'B TOT. 
1 9 J u n e 6 7  M 
l o f 5  A T 
c h e c k  u 
b o t h  i n s i d e  I Z 

P 
U T 
K 
A % 

1 9 J u n e 6 7  
M 
A T 

2 0 f  5  

3 / 2  

6 6  

3 / 2  

6 6  

272 

s e q u e n c e  
U 
I % 

U T 
K 
A X 

I 
4 / 1  

25 

2 / 2  

r 

1 3 / 1  
, 1 

! 
I 

I 3 / 3  

1 0 0  

1 0 0  

1 0 0 '  

9 / 4  

45 

3 3  

. 2 2 / 1 1  

I 
1 

5 / 3  

60 

1 0 0  

8 / 2  

2 5 '  
M 

1 9 J u n e 6 7  

1 2 / 1 1  4 / 4  1 3 / 3  

1/1 

89  

2 1 / 1 0  

4 8  

1 0 0  

A T 5 0 f 5  u L i z  I X Puka  i n s i d e  
P e t e r  U T Maui o b f s i d e  

A S. 

2 0 J u n e 6 7  M 
A T 

I 
I 1 

I 

1 0 0  

I 

1 3 1 3  

1 0 0  

2 2 / 1 3  

59 

6 / 2  

/ 1/1 

6 / 4  

66  

3 / 0  

50 

2 / 1  1 2 / 2  

t 1 

I 
I 

50 

3 3  

2 / 2  

1 0 0  

4 8 / 1 8  

79 

3 / 1  

I I 

9 7  

1/1 1 2 / 2  

I 
I 

1 t 
1 0 0  

I 

50 

1/1 

1 0 0  

2 /2  

A 

l o f  4  L' wai t  f o r  ok  I 

P 
U T 
K 
A 7, 

20,June67 
A 2 o f 4  
Ll 

9 / 8  2 / 2  1 

I 

I 1 0 0  I I 
I 

I ! 
I 

I 

I 

I 
I 

I 

6 / 2  

3 3  

1 

i 
I 
I 

- 
7 / 3  

1 I I 
3 3  

1 
I 

2 / 2  

4 / 2  

w a i t  f o e  ok  I 

P 
U 
k 

00 

I 3 3  I I 

1 1 0 0  

i 4 /2  
I 

i 50 
i 

I I 
1 0 0  

\ I 

I 

i 
I 

1/1 1 

, 

100 

4 / 3  

75 

; l / l  

I ! 
I 

1 I 
' 1/1 
I 

I 1 0 0  
I 

1 7 / 1 1 1 0 / 1 0  6 / 6  2 / 1  

82 1 0 0  

- -- 

I 

I 

2 / 1  

' 1 0 0  100  50 
I 

3 / 1  

44  150 
1 

I 

1 

I 

I I 
1 0 0  I 1 1 0 0  1 0 0  



SESSION 

Table 4-11, Sect ion 11. Sess ion summaries 

COMMAND 

22June67 
4of4 

I 
A L L  

Peter-Puka U 

repeat LL 
Liz-Maui P 
outside 
ignore repeat 

23June67 
i* M 

lof5 A T - 
check L' 

I Z both inside - 
ignore repeat% 

u-2-  
K 
A % 

BIP BAIEP WEIAP MAKAI MAUKA BEIAP BAEP BC'RRAP WAVE , RETRIEVE YUMP STD'B . TOT. 

40f5 A 
2 trainers U- 
2 translators1- 
ignore repeatg .. 

U tape out K 

Liz U 100' 100 100 100 / 100 1 i I 100 
I % check6 I 

repeat P 2/2 2/1 2/1 2/1 I 

ignore repea T 
1 8/5 

I I I 1 I I 1' 

1/1 

100 

1/0 

ZOJune67 M 
3of 4. A T 
Peter-Maui u 
wait for ok I % 
Lie-Puka P 
outside U T 

1 

3/3 i 

100 

tape out K 
A X 
M 22June67 

3of4 

1 
1 

L I 3/21 7/1 14/7 

66 50 

15/5 

33 

8/8 

- 1/1 

14 

00 

2/2 

j 
1 10/3 3/1 

30 

1 I 

33 100 

2/2 2/21 1 
1/1 ] 1/1 I 

I 

I 
I 

I 
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Table 4-11, Section 11. Session sunnnaries 

cmm 

BIP BAIEP UGrEIAP PlAKAI MF.tJKA BEIAP BAEP BL'RRAP WAVE. RETRIEVE YUMP STD'B TOT. 

6 / 4  

6 6  

6 / 5  

2 7 J u n e 6 7  M 
A T 4 o f 4  

Vaui  b u r r a p -  
b a e p  I I. 

P 
u T 

I 

I 

1 0 / 2  , 7 / 1  

K 
A x 

5 J u l y 6  7  A T 
l o f 5  U 

I 

I 

I - --- -- 

u 
K 
A 

4 / 4  

1 0 0  

5 / 4  

8 0  

3 / 2  
I 1 20 1 1 4  1 

I 1 1 
I 1 I 

! 

1 0 / 4  

4 0  

9 / 6  

66  

1/1 

1 0 0  

i 

66  

7 / 4  1 6 / 1  

5 7  

1 / 0  1 6 / S  

6 / 5  

2 /2  

1 6  
I 

7 /4  '1/1 
-- 

i 

1 6 / 1  2 2 / 6  
1 

1 0 0  

2 /2  

l o o  27 

6 / 1  

' 

3 1  

2 / 2  

84  

3 / 3  

l o o  moved h o o p  & i % 
b a l l  P 

U T 

5 7 l o o  . !OO i 

1 1 

2 / 1  1 7 / 0  
I 

5 / 1  

K 
A X 

84 

2 /2  

1 6  1 6  50 

1 0 0  1 I 
I 

I 

I I I 1 7  

0  0  

P 
U T 
K 
A I. 
H 

1 2 J u l y 6 7  A 
3 o f 7  
Puka  h i p -  I 
b a i e p  P 

100  1 1 I 

1 
I I 

i 
! i 
I I 

I 
I 

I 
1 4 / 3  I 

/ 50 
I 

14/2 
U--:--- 

5  0  

5  J u l y 6  7  M 

2 / 5  

3  

I 1 A T 2 0 f  5  
moved h o o p  & 
b a l l  I X 
t a p e  o u t  P 

U T 
K 
A 'X 

1 2 J u l y 6 7  M 
l o f 7  A T 
Maui review U 

1 %  

6 / 4  

6 6  

I 

7 
..! - 

I 

8 / 0  

30 

1 1 / 6 8 / 3  

5 5  

1/1 

1 0 0  

1/1 
I 

1 0 0  I 

[ 4 / 4  
1 

/ 1 0 0  
I 

llI6 

I 
412 

0 

'7/4 

2 / 1  

50 

I 
I 1 

i 

I 
I 

1 

I 

1 
I 

I I 

, l / f  : 
I 

$7 1100 I 

I ! 
I 

2 / 2  

1 0 0  

1 0 0  

1/1 
1 

1 0 0  1 
I I 

1/1 

- 
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Table  4-11, S e c t i o n  11. S e s s i o n  summaries 

COMMAND 

B I P  BAIEP UtJEIAP MAKAI MAUKA BEIAP BAEP BL'RUP WAVE, RETRIEVE YUMP STD'B TOT. 
H 13July67 

lof6 A T 
Liz-Puka U 
tape stoped I 

P 
u T 
K 
A Z 

13July67 M 
2of6 A T 

1/1 

100 

3/1 
Peter-Mauiqs 
off cue be- I % 
havior dis- * 
tracting ~ u k #  T 

K 
A n 
M 

14July67 A T 
50f5 U 
wire cage I x 
around hyd. p 
tape out u T 

K 
A x 

18July67 M 
A T lof5 

7/3 

3/2 

66 

1/1 1/1 

43 

4/2 

100 

i 

I 

100 
I 

1/1 2/2 

100 
I 

fixed seq. of" 1 100 
commands I X I 

I 

Liz-Maui P 
U T 
K 
A % 

18July67 M 
2of5 A 
fixed seq. ofs 
commands I 
Peter-both P 

U 
K 
A 

/2 

k6 

I 
I 
I 

1 I 

I 

100 33 

7 2 

F/l 

L O O  
32/2d 

9 
I 

h 1 : .  

58 

:.o/e 

4 0  

L 

I 

1/1 I 1/1 

50 

3/2 

I 

3/3 

2/2 

7/2 

100 

6/5 

i 
I 

I i 111 
! 

1 I100 I 

3/0 3/3 j6/5 

5 7  100 84 

1 
1 
I 

4/3 

loo 

66 

I 
I 

33 

2/1 

66 

3/3 
, I 

3/0 p/o 3/3 ' 4/4 

00 30 100 100 i 

;6/11 

75 I 
2/2 

100 

I / 9  

100 

7/6 

9 

00 

4/2 

84 

- 

r 

58 100 

I 

100 29 

50 f 1 
I 

514" 'f3/0 / 3/0 
----- 

4/8 , 

7 

19/40 

2 

5/5 1 9/9 
I 

100 1 1 0 0  

2/2 [ 1/1 
I 

100 / 100 
3/2 4/4/ 

100 

I 

i 

6/540/7 

3/0 

'71/4? 

#i9 

t5/18 
i I 

84 

8 0  100 100 I - - 

I I 
1 I 
I 

! 
I 

I 

i 

I 
I 

I 1 
1 

I 

70 

6/6 

100 

a 

86 

3/3 

1 6/1 
, 16 

3/1 3/2 

SO/q321/10 

3/0 

46 

3/3 

48 

3/3 
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Table 4-11, S e c t i o n  11. Sess ion  surmnaries 

COMMAND 

21July67 H 
2of6 - A T 
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Table 4-11 - Section I11 
- 

August 16, 1967 
Session I 
(Liz-Maui-Puka) . 
COMMAND 

GAME TIME 

MAUI - 

+ 
& 
no response 
+ 
+ 
+ 

PUKA - 

P i makai ok 
M i makai ok 
P i uweiap ok 
M i mauka ok 
M i makai ok 
M i burrap ok 
M i burrap ok (+ f i s h )  
M i beiap ok 
M i mauka ok 
P i bip  ok 
P i b ip  ok 
M i b ip  ok 
M i baiep ok 
P i wave ok 
P i baiep ok 
P i b ip  ok 
M i makai ok 
M i burrap ok (+ f i s h )  
M i uweiap ok 
M i mauka ok 
P plop ok 
P plop ok 
P i baiep ok 
P i makai ok 
MAUI  REPEAT BAIEP OK - See MSA readouts. 
M i beiap ok + 
P i mauka ok 
P i baiep ok 
P i baiep ok (+ f i s h )  
P i bip  ok 
P i b ip  ok (+ f i s h )  
P i bip ok 
M i makai ok + 
M i makai ok + 

3 * i n  
M i makai ok + 
P i mauka ok 
P REPEAT BAIEP OK - See MSA readouts. 
M i mauka ok + 

-62- 

* out 
* i n  
neg-fluke s l a p  
neg-hoop 

+ 
+ 
neg-f luke s l ap  

neg-wave 
neg-wave 
neg-f luke s l a p  
+ 

+ 
neg-f luke s l a p  
neg-out 
no response 
+ 
+ 



P i 
P i 

ALL 

- 

b i p  ok 
b ip  ok (+ f i s h )  

no response 

PAU 

+ = Animal did co r rec t  behavior got  "biyib" and a f i s h .  

& = Animal did co r rec t  behavior got  no "biyibl '  and no f i s h .  

* - Animal moved off cue. 

August 16, 1967 

1st. Session (Liz) 

MAKAI MAUKA BIP BAIEP BEIAP BURRAP WAVE PLOP UIEIAP 

MAUI 616 414 111 111 212 312 111 

PUKA 212 212 813 111 210 111 

NO. OF COMMANDS/CORRECT RESPONSES 

MAUI : Commands 18 PUKA: Commands 19 
Correct Responses 17 Correct Responses 10 
Incorrec t  Responses 1 Incor rec t  Responses 9 

1 no response on burrap 
1 Off cue - (came i n )  

2 f luke  s l a p  on "P i b i p  
ok" 

1 hoop on "P i b i p  ok" 
2 no response on "P i 

b ip  ok" 
1 f luke  s l a p  on "P i 

baiep ok" 
1 out on "P i baiep ok" 
2 wave i n  "P plop ok" 

Off cue - 3 
1 went out)  on Maui t s  

came in ) commands. 



Table 4-11 

Sect ion I V  

30 May 1967 

1 June 

5 June 

6 June 

8 June 

9 June 

14 June 

19 June 

2 6 June 

27 June 

28 June 

5 Ju ly  

14 Ju ly  

18 Ju ly  

19 Ju ly  

Puka responded t o  the  vocal commands BIP, BAIEP 
and UKEIAP without hand s i g n a l s .  

Dual con t ro l  t e s t .  Two t r a i n e r s ,  two t r a n s l a t o r s .  

Maui 's Repeat behavior extinguished i n  an attempt 
t o  r a i s e  the response frequency. 

Puka offered behavior. S t a r t  of play sess ion .  
Put her  Jump on a hand s igna l .  

S ta r t ed  Maui on r e t r i e v e  work. Asked Maui t o  do 
two behaviors with the  command MAUI IMUA BIP 
BAIEP OK. 

Asked Maui t o  respond t o  sequence of th ree  commands 
without reward. 

Worked both animals ins ide  the  f l o a t  c i r c l e  to -  
ge ther .  

Puka did UWEIAP outside the  f l o a t  c i r c l e .  

S ta r t ed  Puka re t r iev ' ing  a b a l l .  

Maui responded t o  vocal command f o r  BURRAP. 

Maui responded t o  vocal command f o r  RETRIEVE. 

Maui responded c o r r e c t l y  t o  the  minimally 
d i f f e r e n t  words, BAI of BAIEP, BE1 of BEIAP and 
W E  of UWEIAP. 

Pos i t ions  of the  hoop and b a l l  were reversed.  

Placed wire cages around the hydrophones t o  
p ro tec t  them. 

Tested responses with a predetermined random 
sequence of commands. 

Added IMUA t o  MAUICA and MAKAI-OK. 

Asked Maui t o  do BIP and BAIEP from outside the  
f l o a t  c i r c l e .  



Started Puka on L?AVE. 25 July 

31 July 

2 August 

4 August 

10 August 

18 August 

22  August 

28 August 

4 September 

18 September 

1 9  September 

22 September 

26 September 

16 October 

25 October 

1 November 

Maui attacked the f l o a t  c i r c l e .  Added OK t o  the 
REPEAT command. 

Started Puka on PLOP 

Started t o  work on separating the sonar and 
whist le  i n  vocal responses. 

Star ted Puka on the vocal command YUMP-OK. 

Attempted t o  use a prerecorded command t e s t  
sequence. 

Started Maui on the vocal commands PORT and 
STARBOARD. 

Removed the f l o a t  c i r c l e .  

Replaced then removed the f l o a t  c i r c l e .  
Suspended the hoop and b a l l  from poles attached 
t o  the houseboat. 

Star ted Maui on Play Time. 

Asked Maui t o  respond t o  BIEAP, ULJEIAP and 
MAUKA while s tat ioned on the f a r  s ide  of the 
lagoon, about 75 yards away. 

Maui o f fe r s  behavior. 

Puka i n i t i a t e s  a game of r e t r i eve  without 
reward. Started cage t ra in ing  i n  prepara- 
t i o n  fo r  moving t o  Oceanic I n s t i t u t e .  

Tested Puka f o r  cross learning on the word BAEP. 

Tested Puka fo r  cross learning on the word BEIAP. 

Moved both animals t o  new f a c i l i t y  a t  Oceanic 
Foundation. 



Table 4-13 

~ a u i ' s  response t o  commands for non-vocal and 
vocal behavior recorded during the 5th sess ion 
on 8 September 1967. 

























V DISCUSSION 

In the course of i n v e s t i g a t i o n  conducted over a th ree  year period 

t o  determine the ex ten t  t o  which a language approaching English 

between man and dolphin might be developed,a channel of communi- 

ca t ion  was es t ab l i shed  which provided necessary t ransformations 

of a c o u s t i c a l l y  ca r r i ed  information. 

A device was developed t o  transform information (messages) 

ca r r i ed  a s  time delayed impulse sequences i n  human vowel sounds 

onto frequency modulations of constant  amplitude s inuso ida l  

whis t les .  

Development of a second device designed t o  provide the  inverse  

t o  the  above t ransformation was discontinued i n  favor  of a 

device which presented the frequency modulated whis t l e s  v i s u a l l y .  

Two do lph ins ,  Tursiops t runca tus  (Montague), were t r a ined  

t o  respond behavioral ly  t o  35 response demand messages 

w r i t t e n  on time v a r i a n t  sequences of acous t i c  events .  The 

animals learned t o  transform these  complex events ,  changes 

i n  t h e i r  acous t i c  environment, i n t o  time ordered sequences 

of neuromuscular events .  



Several  t e s t s  were conducted t o  examine s p e c i f i c  p roper t i e s  

of the i n t e r a c t i n g  man-dolphin system. 

In  l a t e  May 1967, two t r a i n e r s  us ing  two d i f f e r e n t  t r a n s -  

l a t o r s  were able  t o  address and e l i c i t  co r rec t  responses from 

the two dolphins during the  same t r a i n i n g  sess ion .  This t e s t  

demonstrated a degree of independence of the cha rc te r  of the 

speaker ' s  voice necessary t o  a general  l i n g u i s t i c  system. 

In June, th ree  t e s t s  were conducted t o  examine the  animals 

a b i l i t y  t o  respond t o  informative sequences. 

F i r s t ,  Maui was asked t o  execute two behaviors i n  sequence. 

The commands used were 'WUI IMUA BIP BAIEP OK" and 'MU1 

IMUA BAITP BIP OK." I n  both ins tances ,  the second behavior 

associa ted  word re leased  the f i r s t  behavior and "ok" negated 

the response. 

Second, Maui was asked t o  respond t o  sequences of up t o  

s i x  commands t o  t e s t  a hypothesis t h a t  r ece iv ing  another  

command would re in fo rce  p r i o r  behavior. P r i o r  t o  t h i s  t e s t ,  

the animal 's  responses t o  the command used were s t a b l e  a t  a 

100% confidence l eve l .  They remained a t  t h i s  l e v e l  through 

out the  t e s t  period. It was concluded t h a t  the continued 

a t t en t i ,on  involved i n  i s s u i n g  a second command may re in fo rce  

p r i o r  behavior i f  confidence i s  high and the  behavior i s  s t a b l e .  
-79- 



The t h i r d  t e s t  examined the  hypothesis t h a t  the animal would 

respond t o  minimaly d i f f e r e n t  behavior evoking frequency 

changes . These commands were used ; "MAUI IMUA BAI OK" 

( B A I E P ) ,  '%lAUI IMUA BE1 OR" (BEIAP) and ''MAUI IMUA UWE 

OK" (UGEIAP). Responses t o  a l l  t h ree  commands were c o r r e c t ,  

thus s u b s t a n t i a t i n g  the  hypothesis.  

A t h i r d  t e s t  sequence intended t o  examine some aspects  of 

the  s ign i f i cance  of place with r e spec t  t o  the  command 

evoked behavior was conducted. In these  t e s t s ,  the  

aniamls were required t o  perform a  behavior from a  new 

s t a r t i n g  point .  They performed the  co r rec t  response 

a f t e r  two t o  f i v e  t r i a l s  spaced over seve ra l  sess ions  and 

eventua l ly  responded c o r r e c t l y  from randomly se lec ted  s t a r t -  

ing points .  

In  September, Maui responded t o  the  commands f o r  r o l l  

over,  r a i s e  h i s  f lukes  and r e t u r n  t o  i n s t a t i o n  while 

s t a t ioned  a t  the  f a r  s ide  of the lagoon some seventy f i v e  

yards away from the  t ransmi t t ing  hydrophone. 

The s t a r t i n g  point  or  place of recept ion  of command was 

demonstrated a s  no t  s i g n i f i c a n t  t o  t h e  command response 

event .  



Three behavioral  responses were associated with posit ioned 

props, h i t  the b a l l  (BIP) ,go through the hoop (BAIEP) . 
and r e t r i e v e  a  b o t t l e  (RETRIEVE), The pos i t ions  of the 

hoop and b a l l  a t tached t o  the f l o a t  c i r c l e  were reversed 

before the  f i r s t  sess ion  of each day f o r  seve ra l  days. 

I n i t a l l y ,  performance on these behavior inve r t ed ,  This 

invers ion  extinguished and a  marked preference f o r  one 

or the other  prop appeared, After severa l  days, Maui 

began responding c o r r e c t l y  on the f i r s t  t r i a l  of the 

day. This indica ted  t h a t  he had learned; 1) the  r u l e  

f o r  s h i f t  or 2)  t o  a s soc ia te  the  command with the  prop 

r a t h e r  than the p lace ,  

We attempted t o  randomize the s h i f t  of loca t ion  but i t  

became necessary t o  remove the f l o a t  c i r c l e  and t h i s  

por t ion  of the t e s t  sequence was discontinued. 

kken the  r e t r i e v a l  behavior was introduced, however, we 

randomly placed the prop on the  f l o a t  c i r c l e ,  The 

animal was able  t o  loca te  and r e t r i e v e  it .  

The r e s u l t s  obtained in the  above t e s t s  indica ted  t h a t  

the animals had been conditioned t o  a s s o c i a t e  a  command 

word with a  loca t ion  r a t h e r  than an objec t .  
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Here we may hypothesize t h a t  propriocept ive information i s  

perferred over enviornmental information s ince  loca t ion  

may e a s i l y  be defined i n  terms of what i s  done t o  g e t  t o  

a  place.  

Reversal of the  props produced two kinds of confusions; 

f i r s t ,  t he  animal went t o  the  co r rec t  objec t  and performed 

the incor rec t  ac t ion ,  h i t  the  hoop with i t s  pec to ra l  or  

swam under the b a l l .  Second, the animal went t o  the 

incor rec t  object  and performed the a c t i o n  associated with 

t h a t  ob jec t ;  went through the  hoop on the  command f o r  h i t  

the b a l l .  

Generally, e r r o r s  on the  p a r t  of the animal were i n  t h e  

from o f ;  1)  no observable response o r  2) some other  

response wi th in  the  communication s e t .  Novel responses 

were inf requent .  When the  s e t  of cont igencies  def in ing  

a  p a r t i c u l a r  behavior were modified i n  the  d i r e c t i o n  of 

increas ing  genera l i ty  of the  response,confidence l e v e l s  

of o ther  behaviors remained s t a t i o n a r y  . This indica ted  

independence of poin ts  wi th in  the co r rec t  response s e t .  

However, contusion occurred between two response poin ts  

such a s  hoop and b a l l  o r  r a i s e  f lukes  and r o l l  over a t  

unpredicted t i m e s .  And a t  t i m e s ,  the animals showed a 

marked preference f o r  a  p a r t i c u l a r  response. 
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A more r igorous ly  cont ro l led  and d e t a i l e d  ana lys i s  of these  

e r r o r  producingconfus ions is  indica ted  a s  the  observations 

acquired wi th in  t h i s  study a r e  not s u f f i c i e n t  f o r  general ized 

conclusions.  

In  the f i n a l  qua r t e r  of the r epor t  period, 14 Setpember - 
13 December 1967, the animals were permitted t o  i n i t i a t e  

or  extend a  sess ion  by emi t t ing  novel behavior. Th i s , in  

e f f e c t , e s t a b l i s h e d  a  command - response point  i n  a s e t  

assigned t o  the t r a i n e r .  Attent ion was paid s p e c i f i c a l l y  

t o  gross  body motions s ince  i t  was f e l t  t h a t  the  vocal iza-  

t i o n s  were n o t ,  a t  t h a t  t i m e ,  under adequate con t ro l .  The 

novelty of an emitted behavior was judged a s  acceptable 

o r  not  by the  t r a i n e r .  This r u l e  permitted the dolphin 

t o  t e s t  the responding mechanism, the  t r a i n e r ,  and 

allowed the  t r a i n e r  a  degree of con t ro l  by f i x i n g  the 

c r i t e r i a  of novel ty.  

F i n a l l y ,  I n  October, a  t e s t  was conducted t o  examine the 

p o s s i b i l i t y  t h a t  c ross  learn ing ,  one animal learn ing  by 

observing the i n s t r u c t i o n  of the o ther  animal, could 

occur. Puka, who had not  been taught t o  produce her  

sonar sound on command, was given the  command; "PUU 

IMUA BAEP OK". She responded wi th  her  sonar sound. A 

second t e s t  was then conducted. She was given the  com- 



mand; "PUKA IMUA BEIAP OK" t o  r a i s e  her f lukes ,  which 

she a l s o  had not  been taught t o  do. She responded by s lap-  

ing her f lukes.  Maui had responded cor rec t ly  t o  both of 

these commands j u s t  p r io r  t o  Pukans respon6e. In  both t e s t s ,  

due t o  the p r o b i l i t i e s  of response involved, the r e s u l t s  were 

taken t o  be inconclusive. 

In  conclusion, the observation and discussion above 

ind ica te  t h a t  a bas is  f o r  the development of a language 

between man and dolphin has been es tabl ished.  The 

continuing work w i l l  be directed towards extension of 

vocabulary with emphasis on vocal r a the r  than gross body 

responses and towards inclusion of the t r a i n e r  a s  a 

responding element i n  the communicating system. 
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