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Summary

This paper describs abehavioural experimenin
which an Orca was encouragedattempelementary
two-way communication, i.echoosing beteen two
objects,by spontaeously uisig a leaned connection
betweenavisual objectind a correspnding auditory
stimulus. Frequencymodulaté signas$, which vere
related to and witlin the range © the natural
vocalistionsof the animal, wee used astémuli. Two
signalswere made to re@sent ation words,i.e.the
verbs"take" aad "bring", and the three other signals
were used as the names of familiabjects. Initial
resultsindicate the orca's ability to incorporatke
stimulussignals intcher vocalisations and to useem
sponfaneotsly in a meamgful context.

Introduction

Informationprocessing ofomplexvocalsationsand
echoesrequires sophikated development ofthe
auditive parts of thebrain. It is, hdea, wellknown
that odontocets have impressive brains, mostly
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characteésedby large size and intricacy. Thiact has
givenriseto muchspeculatio asto its significance. In
many papers he asumption is made thatthe
capacitie®f theodontocete ain supassesheabove
requirementand enablketheanimalsto commuicate
at the levelof "language"”. The resoning, on which
theseassumptions are based,darefully exposd by
ReysenbaclDe Haan (186). In this respectLil ly's
atemps to achiee interpecifc communicatn,
betweemman andlolphin, ae wellknown.If there is
anychancedr such an interspecificommunicaon,
we postula¢ thd it is with the kiler whale Qrcinus
orcal.), hemostadvanced species inehdelphinid
family as far as behaviour is noerned We are
supportedn our opinion ky the survey on trainability
and behavioural eliability of eght captive pecies
conductedby Defan and Rror (n Herman,1980)
We base our omion on behavoural obgrvatons of
Gudrun, a femaleorca with respect toht other
dolphinswith whom she had contadthereforewhen
this female killer whalewas placal at our disposal,
preparaions for a communication eXerimert were
setin motion. Whatever definition b"language" is
used,it will be obviaus tha objet-raming foms
much of the basidor practicd use oflanguag. The
easiestway to ircorpolate ths element n our
experiments by @signng and acougalsymbolto a
visual objed. However, ths requires that th animal
is able to associat@n auditory stimulus witka visual
stimulus. One can ot take it for grated thatthe
necessary cerebrh interconnections Geschwind
1964) exist in the orca. If they do howeve, the
possibilitesto continue the exgriments keyond an
elemertary stage ardar better. Therefore it is worth
while to examinghe objectnaming &ilities of he
killer whalein this way first. The ultimate goal of this
experimentvas to learn whther &killer whale would
be able not only tdearn ad understad the meaning
of certain smple, basicsentences of two eleemts
(acousticcommand), but alsavhether she wold be
ableto usethese sentences feelf in a proper context
to transfer a mssage tdhe experimentators.

Figure 1: Gudrun
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Figure 2: Orca pool, the experimental site

Subject and training

The subject of thisexperiment was demale Kier
whale, Orcinusorca, from the North-Atlanticocean,
namedGudrun Figure 1). She wasaughin October
1976 off the southeast coasof lceland and
transportd to the Dolfinarium in Harderwjk. At the
momentof captire she wa about 1% gars od, and
weaned?2.70 metres longrad wdghed 300 kil os. In
October 1980 sheas measred forthelag time and
was found to be 4.50 m lag and to weigh apmx.
1300 kilos. She was inhe companyf the oca who
had been capted with heruntil May 1977, dér
which she spenthe summer inhte company of
severalbottlenose tlphins, Tursiopsituncatus and

ORCA POOL

SHOW
PLATFORM

evenvoluntarilytook part in the Bow. In November
1977 she was lafly joinedby sixorcasthe lagtwo
of which left in May 1978. Afterthe beginningof
December1977 she didnot have directcontact
anymorewith otherorcas, although she couleear the
two orcas that still remaed. There were no
indicatons that shewas in ontact wit these two.
Shewas, howevercontinuously inte canpany of
thedolphins, with whom she built up an intense social
contact.She hasalways shown a grat deabfinterest
in peopleand has atsneedednuch human agntion,
indeed more than the dolphing/hen she doesn't get
enough attention, he motivation decreases rapidly
and she apears to bebored i.e. is not intereste
anymorelfthe situdion does noalter sheeventually
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refusesto cooperte, reiresto a corneto rest @
sleep.Offering food does not evoke tiarest. As a
resultofthe epermentsvithsound ke becmemore
andmore active inthe acoustt domain We notethat
Gudrun,unlike the captiveorca reported by Schevill
andWatkins (1966), often used tonal vocalisationss
described by Steiner et g11979) from wildanimals.
This is most pobably due b the fat thatone of the
authorsfrom thebeginningof his acquaintance with
Gudrun, consistentlyreacted to rad encouraged
vocalisations. This encowagement was greatly
facilitatedas his dice wasbeside the pools occupied
by Gudrun and wual ad acoustial conact was
alwayspossiblethrough largevindows. Wren he did
not answer familiar calls, she quickly develogped the
habitof usingnew sounad and/or behaviours @ttrat
attenton and estalish ontad anew.The trainng
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with sound signla as hey occured withn the
experiment was comietely new for Gudrun. Prior to
this experimentshe had onlyworked wih hand
gestures.The trainng methods emplad were the
basic methods as used bythe traners & the
Dolfinaium.In orderto prevenstraned reléionships
we decided not to use mre sophisticated nthods.
We note thathe amount dfish hat she gteveryday
wasnever correlate with her mdivation to perform
the experiment.

Environment

The experimemstalwgs tookplace inGudrun'sown,
4.5 m deep holding pool, whichhas a total capacity
of 360 nt and a wadr depth o## m (Figure 2). The
poolis onlyseparted by ggate fom the mai pool of
1450m® and 4 m deepwhich isoccupied byheorca
andthe dolphinsgn free time dung theday and all
through the night.In Figure 2 the posibns of he
hydrophae areindicatedby H, to H,, and the places
wherethe objects wererpsened arerepresnted by
O, to O;. A, to Ajindicate equiprent locations.

o

E—

Figure 4: The objects associated withe signals:
the dumbbell (signal Q and the fendr (signal D).

Signals

After making a initid inventoy ofthevocalsations
madeby Gudrun, we were able tdas#y the sounds
into some 12 different conta groups. The signals
usedin the expament were hen designed orhé¢
basisof this cassifcation. Consequent|yve cedgned
five types of styBed replica of Gudrun's
vocalisationsandassigned tcdhemcertain, meanings.
Two of thesignals epresentedction words or verbs,
namely“take' (signalA) and give or bring" (signa



W.H.Dudok van HéeC. Kamminga and D. van der Toorrl(982)
An expeiment h two-vay commurtatian in Orchus orcal.

Page 4

BaK 2713

|

Hydrophone __
B1D0D

Figure 5: Diagram ofthe stinulus geneator

B). Two toys with whitt Gudrunwas already familiar
were selectd to sere as nounsa lightveight
dumbbdl (signalC) and a fender (signd) of te
type used as buffers between boatdadodk (see
Figure 4). A third noun, namely one signifyindgdrge
fish" (signd E) was added to heepertoie at a lter
stage. In devising thse signals, care waaken to see
that they would fit well in the audiogam (Hal and
Johnson1972). Usig frequeng-modulaed patérns
as informatbn carries is preérable to usmg
constantonestimulidue to the numbef degees of
freedomthat can be modiéd. Without going irto
detail,we offera shordescripion of theanalgis and
coding of the struatral hformaton content ofthe
patterns used iour experiment irthe appendixThe
frequency modulation patterns of the sigals are
representedh Figure 3. Note thathe desdption of
thetonal voalisdions agjiven bySteineret al £979)
for the wild killer whale fits these sigmls.

The equi pment

The equipment used ithe expeémental gtup of he
communicatiomxperimer is schematially indicated
in Figureb5. Theenvelope generator is th central part
of the patrn geneting ystem ad containsthe

electronic circuits necessary to deliver a set of five

controlsignalswhichactivateshe functon generair
HP type 310 A to obtin the tme-dependent
frequencycontous. These pattern contaurare éd
into the paver ampifier B& K type 2713 to get an
adaptéion for the underwater transduceB& K type

power amplifier|dimm—)] oy -pass —— cnyvelope

filter

generator

h 4

function

generator

HP 3310 A

8104. Theslope ofl2 dBof the transmitting voltage
responseof the 8l04 transducer isfearigd in the
envelopegereratorby alow-passfilterof -12 dB,
resultngin a flat transmitting frequency rempse over
the bandwidi of interestFrom phase &nwardshe
projected signat were mondred via another
hydrophoneand maa audilde on headptones. Enally,
atape recorder was @ded to registethe transmied
stimul and correspnding responsesof the orca.
Duringthe experiments monitoringmicrophonevas
incorporatedin the recording chain to egister
Gudrun's vocalisations abge water.

The exp eriment

The experimentwas divided into 11phass. Each
successivphase was based onethesultsobtainedn
the preceding phase ahat changes irtheelectronic
equipmen. The sequencefsignas presergd during
phased to4 and phase 8ag detanined onthe basis
of a listof rmdom numbers betwred and 00. If
two sigrals wereused oa afer anotler b fom a
messagehe action sigal was gienfirstand then the
nounsignal Normaly thee were 8 runs per day in
which about 15 sigials or signal segences vere
presered.
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Phase 11

Dates
June 30, 1980 tbugh July9, 1980

Methods
Placesised: Equipmet A, Hydrophone K dumbbdl
O, and fender ©

Theexperiment was initiated ithefollowing manner:
first a 'noun'-signd was gien and aérwads the
objectbelonging to that sigal was held abo# the
surfaceof the watefor Gudrun totouch. Sometimes
the object washeld up withoutiving a signg but
then Gudrun was notllowedto touch the dbject.
Each object had itswn place, which tarfacilitated
the control.

Results

After Gudrunhad karnedd touch the obje at he
appropriatesignal, itwas checked to see whetshe
cametoward the objects or bwad te taner. To
that end, the olgcts wee placedn the wateat the
momentthat the gjnal was gien and the trainer
walked away. Once a sigal was given, she as
supposedo swim tothe obje¢ and afterwards was
rewarded accadingly with fish. In these cases,
Gudrunwent toward the objeandnot towad the
trainer.In fact, she always swam toward the objects,
even if no signalwas gien. Ater someitme she
beganto be noticeably nervaj probablybecauselse
could not un@rsand whyshe wa revardel one tine
and not tre other.

Fromthefactthat Gudrun always touchetie objects
which were offered and that she wasatby nervous
we concludedthat she could niohear the signals or in
any cae notwell enowgh. It was thereforelecided to
discontinuehis pla. The controkituation m which
Gudrunhad to make a choice wanot caried out
anymore

Phase 2

Dates
July 10,1980 through Jyl20, 1980

Methods
Placessed:
Equipment A, Hydrophone H Objects G.

Theadvantge ofthisrearangement wathat Gudrn
found herselfmore ofen neartte hydophone. The

Ywith all phasescomparéd-igure 2

sequencevas adollows first asignalwas gien, and
afterwards arobject waseld abovehe waterlf the

objectpresentd belonged tdtesignalgiven,Gudrun

was supposed to toucthe object and she waken

rewardd. If the objectdid not match the signal,
Gudrun was not supposed to touchlitin that cae

shedid nottouch the olpect, she waseawardedIf she
wantedto touch the object ampy, itwas removed
and shewas notgiven a revard.

Results

We started with sigal C, which meat thatshecould
touch the dumbbell buhot the énder. The s®nd
day she refised veryleaty to touch the fader. She
surfacd within ca. 1 me# of the énder and made a
lot of noise. The next @y we began with signdD.
Now she was allowedo touchthe fendebut not he
dumbbdl. The first two times that thesignal was
givenshe didn't want to toucthe fender. Afterwards,
howeve, she begarottouch itjnitially hestantly, but
the hesitation quickly disappeared Later that day,
signalC was used oncend the fendegrresenté. She
refusedlirectly, in hercharacteristic manner, touch
this. SinceJuly 13 series of both signalsandD were
used,thus acombnation ofthe dumbbell =d the
fenderwereoffered. The sare was god: depenaig
on her motivation 80 td®5% correct eactims. The
speedwith which sheeactsa the signks is agood
measurefor her motivatiom. When she reacts very
slowly, her scoe decreass, ahough & least 8%,
and when sle reacts veryquickly her scae is very
high,about 9%. We conclue that now Gdrun is
able to hear the gnals, Be also reas correctly.
Becauseshe dearly behaves diferently when she
doesnt want to touch an lpject than whershe does,
interpetaton mistakesegading her eactionsan be
ruled out. We may thus conale that ithis pont
Gudrun is cpable ofdistingiishingbetweerthe two
signals and further thatshe lkows which object
belongs to eachsignal.

Phase 3

Dates
July 21,1980 through Augst 13, 1980

Methods
Placesused: EquimentAl, Hydrophone H1Objects
02.

The aim of his plase wasto stimulate Gudruno

producethe signal heself if the artificial signal was
delayed. Now Gudrun was »pected to duch the
object first and then wait aoder water for the

approfriate signal after whichshe was revarded
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Results

No regidgraions reembling theartificial signals were
made.On August £ her motivéion clearly began to
decline,which was made obvious hyer continued
attemptsto “eat the hydrophone It appeared that
Gudrun wasn't ready to produce the sgnals herself

Phase 4

Dates
August 151980 through Ocber 3, 1980

Methods
Placesused: Equipmet A, Hydrophone K Objects
O, and Q.

In this phase Gudrunupon hearing a signal, had to
make a cloice.

To prevent her from having a preference in
orientaion, both objectsvere lad down at the edge
of the pool, one to the left and one to theight ofthe
hydrophoneand theywere inerchaagedat andom.
The meaning wa to getGudrun, hawng head the
signal, to mow in the direction ofthe object
belonging to that signal

Results

Alreadyat the end 6the first round Gdrun bega
hesitantlyto turn. Within a we& a scoe of 95%
correctreactions ws obtained. But once aim, her
motivaton began tadecreae after some time. This
was concuded among otherthings fom the
observéion that she began pursdy to make
mistakes then scoring less than 5%\fter a 3-week
break she was able taeact correctly frm the first
run, but as thedlay woe on she began to get ledr
again.

From thefact thatwithin a week Gudun was able to
reactalmost &ultlesslyto the sgnals weoncludehat
shecould disinguish beween them ver well, and
further that she lemed very quikly. Howeve, her
motivaton decreased asme went on, beasse no
changesdn the course othe experimenwere made.
The rapd speedof learning and the fact that a high
score could be obtaingubints to lhe concludon that
she primarily made mistees on purpaes Had she
simply made a random choice theose would have
been50% instead othe 5% which Ise then actually
scored

Phase 5

Date
October 61980

Methods and results
Pleces used: Equipmet A, Hydrophone H Objects
O,.

After the nouns wenow turn our attentin to the
action words the verbs As peparabn for the
introduction of the verb sigals a new objet was
introduced,namely a skippy ball. Becase she was
alreadytrained to fetch objects that were thropvin
the water, this phase was directed toward first
presentig signalB and hen tirowing the olject in
the water. Already at e end of the day Gudrunhad
learnedto wait for the signal. Hbwever, this phase
wasquicklyterminaed becaustherisk was too great
that Gudrun waild simply interpret the signal as a
'‘go-signal

Phase 6

Date
October 71980

Methods
Placesused: Equipmet A, Hydrophone H, Objects
0,.

The methodis the same as that in phase 3, ngme
touching objects andwaiting for the sigral.

Results

DuringtheserunsGudrun imitated bth signalC and
signalD several times. A few times, tfie signalwas
deliberatelydelayd, Guwrun produced the correct
signal herself. The verity of the reproductiowas
initially ascemined byear,but a léer andysis ofthe
tapesconfirmedthatGudrun's imitations very closely
resembledthe atificial signas. These agistations
confirmedthe expectations thaudrun was able to
producethe sounds heelf.That she waable to @
this correctly and even to use them irigently
appearsfrom the fact that when she sp@ameously
gave a sigal it was alwayshe correct one

Phase 7

Dates
October 81980 through Ocber 9, 1980

Methods
Placesused: Equipmet A, Hydrophone K Objects
0,.



W.H.Dudok van HéeC. Kamminga and D. van der Toorrl(982)
An expeiment h two-vay commurtatian in Orchus orcal.

Page 7

Phase7 wasa contiruation ofphase 5. Towwid the
risk of having signaB considered as a stagignal,B

wasnow combined withhte object ginals © form the
messageBC and BD. It was importat to keep
Gudrun under thewater long enoulg so thatshe
could hear bdah signak belorging to the message.

Results

The fetchng of thesignaled objectspresenteé no
problems.It was more difficult toget Gudrwn to stay
underwater long eough to hear both sigals, since

shetended to cone directly to the surface. Because

thestimuldion of he use ofignalswas conglered of
the utmast importarce at this poin, this phase s
discontinued.

Phase 8

Dates
October 101980 through Nowaber 10, 1980

Methods
Placesused: Equipmst A, Hydrophone H, Objects
O,.

Themethod washte same ais phase 3thus touchig
objects and waiting for the signal.

Becauseit wasnow possibleto lisento Gudun's
vocalistionsunder watewe tried tostimulate her to
make the sgnals herself. In the dginning she was

given an exta rewad if she made the sound under

water. The time a@lay in presentig the signals was
madelonger and longer tatimulate heto make he
signal herselfat the propemoment. Ifshe produced
the signal ste was royally revarded. f not, an
artificial signal was presntedas a remider.

Results

On October 2% she imitaeéd the sigals bur out of
five times. Three days later shoten producedhte
correct signal spntaneously wken an olject was
shown. She nevermade the wong signh She
producedsignalD 80% of the thes thednder was
shown, but signalC only in % of thecaseshe
dumbbdl was shownThe reasonof thispreference
for signalD is unknown.

We concluckd that she ws able ¢ correate the
signals with the objects shown.

Phase 9

Dates

Novemberll, 1980 tlough January 26, 198(@with
abreak fom November26, 1980 through December
22, 1980).

Methods

Placesused: Equipmet A,, Hydrophone H Objects
O; and Q, laer Equipmet A, Hydrophone H,
Objects Q and Q.

In this phase both verbs were intraded, that is,
signalA for "také' and signaB for "bring" or "give".
Tointroduce the newaction wod "take' Gudrunwas
first offered the signal combinatioAC or AD. She
then received the dject from me trainer andwas
obligedto bring itto a tainer waing at the dter side
of the pool, adthen to swimback without the object
to the hydrophoe on the other sideof the pool,
where $e was revarded

Results

After only one dayhte telp of the extra trainer &s
unnecessary.Gudrunherself, after receiving thgignal
AC orAD, broughtthe obgct fom O, to O;, or fom
O, to O, after messag®8C or BD.

On November 2% she reated corectly to both
objects,even whertheyhad fbated tolie middle of
thepool. UponhearinghesignalcombinatiorAC or
AD she broght the carect object avay from the
trainerand afterBC or BD she brought the object
closer tothe trairer.

After a few dag Gudrun obviously beoee bored.
Shebecame less and less quarativeandshe tried to
remove the objects fromthe pod. The oljects were
always reurned, howeve, and the &peiment
continued.The aim was to make it dar hat ste
could only have it her way if she"asked" br it by
producing a signh sequence.On December 2%
Gudrunpushedhe fendeagainsthe hylrophone and
gave,above watr, thesignalAD, thatis, the message
"take the fender". The fender waitake awayandshe
wasof coure rewaded. Late, she usd bothAC and
AD, alwaysin a meaningfl contex, by which is
meantthat she used the signal cbmations only in
situatonswhere it was podsle to reacby takng the
object concerned. fiere are 3 important pois in
Gudrun's use o signals:

1. Sheonly made he signks abovewater,in the
neighbourhoof thetrainer, and always witthe
object concernednext to her.
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2. Shealwaysbrought the objecto the trainer first
before giving the signahC or AD.

3. She appareny interpreéd the sigds a an
indicaton ofdirectbn with repect to thene who
produceghe signalsShe usedignalA to indicate
thedirection away from her, i.e. the "speake8he
did not use signaB in this case

Phase 10

Dates
Januay 27, 1981hrough March 21981

Methods
Places used: Equipemt A;, Hydrophone I Objects
0.

Theobjectiveof this phase wsto ensurehat Gudun
did not assciate he actionswith fixed positonsbut
that the direction was deteninedby the bcation of
thetrainer.It was htended to emphasize the idbat
signalA was to beriterpréed flom the "peaker'and
B as going tovard the "speaker", indemder of what
position the "spaker" mighttake.

Results

Thetraning stated bypresentig as amnitial testthe
messagé C. Gudruntookthe dunbbell, swamaway
with it and set itdown at pogion P, he same point
which she later used to respord signalAD? Even
whenthe object had dffted b the middle ofhepool
shereactedcorrecly to thesignals. Also in this phase
she time ad agairusedAC andAD.

The fact thatshe had imrpreed AC and AD as
indicatonsof direction had now been emphaszed. It

is clear that point®, andO; themselve were nothe

determinng factors for he movementswith the
objects, but that themost important pont was the
indicaton of the direction with respect to the spaker.
We further note thiaas aneans oflocumentation at
this point, films and tapeecordngs were mde of

Gudrungoing though this and all previous phases.

(ATV /CT Documentary "The Talking Wale").

2 position Phad not keen usedefore
during theexperiment

Phase 11

Dates
February 16, 1981 throuy March 2, 1981
(alternating withPhase 10 sssions)

Methods
Places used: Equipemt A;, Hydrophone I Objects
0.

Becausesudrunhasnot yet used signd, that isshe
had not yet askd for sonmething to be given her, a
situaton was cread in which she woudl be
stimulatedto produce he own signalB. As she had
alrealy worked so den with he dunbbell and the
fender,a new gynal, signalE meaning alarge fish
was introduced.

Threeobjects wee usedthedumbbdl, the fendeand
alarge fih (mackeel or hering). It is important to
notethat thesdishwere used oglforthe trégning and
not as a eward.Initially, Gudrun wagxpectedjust
asin prevbus phasesto touch he object and then
wait for the signal that bebnged to it first he
dumtbell, then thednder andifally the fsh. h the
first two cases,he objectwas gien to Gudrun,
releasedndthen taken awa ater which she was to
wait for the signalln thelast case, however, the fish
was extendedto her,she held iin her mouthand
aftershe had giveit back tothe trainer and sign&
was given she wasewaded with a numbeof fish.
Laterit was atempted to gt Gudrun to pgorm the
sameactionswith the fsh thatshe had wit the
dumbbdl and the énder. Therefore, as with signals
BC andBD, thesignalBE was presnted and Gudn
was expected to takéhe fish o the tainer on the
other side of thepool.

It wasonly necessary in the early phaxehe taining

of signalE to hold the fish irorder tgprevent Gudrn

to swallow it. After that early phase - which only
lastedabout 1Gninutes- she reurned theigh without
being restrainedby hand

Results

The speed at which s& learned signalE was
amazinglyfast Already he secondime the sigal was
presentedshe imitated it perfectlynder wate and
then later regubirly above vater as well Later the
same day she beganspontaneously ot produce
signal E herself above wter, for which shewas
consgjuertly rewarded.

The speed at which shevas able to learn sigl E
suggestthat she dund it vely eay to learn. On
February19™ the signalBE was introduced twicén
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an unsucce$sl attempt toteach Gudrn to bringthe

fish to the tainer.She took thdish, turned in he

appropriatedirecton, but appeently overcome by
temptation, swallowed the fish.

Unfortunately, due to cicumstances bgond our
control, the experimetnhad tobe stopped, on March
2",

The numepus times that Gudrunspontaneously
producedsignalE shavs that she indeed carlated
this signal with fish. She had never denthis so
quickly with other objectsNeverthelss, therés no
reasonto assume tht this signal is any easigo
reproduce than theothers. This was a difficult
experimenfor Gudrun beauseshe was gected not
to swallow the fisimmediatelyThat she fist turned
in the diretion of he traner indicées tha she
understoodvhat wa expected of her but that it cost
her too mud self-control to bring the task to its
proper end.

Wepostulae thathad the expément beerontinued,
Gudrunwould have eventuallbeen able topply her
knowledge of the aw signalE to form the message
BE, that is to askor the fish to be given to her. Note
thatshe had already begun tse signak to demand
fishin the beginning bthis phase. At thistagein the
experiment,no care was taken to remotee trainer,
which rnight seeminy imply thatwe allowe the
"Clever Hans syndrome"to operate. However the
syndome does not play a part at all in therucial
phaseof the experinent. Theanimal wasnotasked to
makea choice, whicltould beinfluenced becauseaf
thesyndromeOn the confary,Gudrunwasgiven the
optionto take the initiativeéo act i.eto communicate.
To us the tek to awd, to absorb hequestion .
command andto act acordingly.

Discussion

Duringthefirst phasg ofthe experiment iappeared
that the orca&ould visuallychoose the correct adjt
when an acoustal dimulus wa presentd.
Moreover, she provedat be able d produce the
correctacoustichsignal at the sight of an object. As
explainedby Geschwind (1964)a@nnection between
thevisual and acastical associatio areasn the brain
mustexist in order to be able to p®rm such tasks.
Therecan be littledoubtthat this ondition is rehsed
in the orca. It mans that the planing of future
communicationexperiments with this pedes is
considerably facilitated.

The nextstep was tdeach thenimal he meaning of
two action words, 'také' and"bring", in combination

with the objectsignds. Within a stort time shewas
able to espond coectlyto the bur combinationof

signas. As usal asthings ® on unchanged;udrun
becaméored and tried to get ridfahe objects. She
discoveredhat her aempts were onlgucessful if

shegave the ginal sequencetdke fender or "take

dumbbell', interpreting the signal'také' asawayfrom

the speaker She never sked to beigen one ofthe
objects,in which ske was no longer intereged. In

orderto make give' more nteresting, anew object
signal"fish" was intoduced. She &gned theneaning
of the dgnal amazngly fast. A combination of the

signds "give' and fish" could not be accommhed
before the experiments had to be teninatal.

However, her initial reactions suggestat shevould

have eventuallybeen able to produce thequired

signal message.

Conclusions

The outcome of his experiment érms a good
launching pad fom which futher reearch on
man-orca conmunication can be caried out.

The useof frequency-modulatesignals, whichwere
to a certairextent elated @ theanimal's natural toal
vocalisationsgnables more structiral nformaton to
be contained n the sae time spanas consnt
frequercy stimuli.
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Appendix |: Time-dependent frequency stimuli

Intuitively we note hat constant-frequency stimuli
possess a minimum transpdable amount of
informaion with regard to a frequency-modulated
patten. Moreover, constantffequencystimuliare not
quite natuml stimuli in information-pocessing
experiments although theyare esily generatd and
well-esthlished patterns in nest psycho-pysical

experiments.

Theinformationtheoreticaldescription of the stimuli
used is bsed on the outenes otthe studyof pattern
dimensionss developd by Leewenberg anl Buffart
in the lasdecadeThis patérn-coding theoryenables
oneto calcuate tre structural information load o a
pattern (the number of degrees of freedom), in
contrastto the well-kown seletive information
theory proposed by Stannon(1963).

Theamount of suctural informationgives a measure
for the - perceptual - comexity of a paétern,as short
as possble. Wihout going nto detdi about
theoretich backgounds of codig theory- the
interestedealer is reérred ¢ the coding naual by
Buffart and Leewenberg (B82)- we stall descrbe
the information lod of the wariouspattens used in
our experimert.

The five types of sthised tonal pderns weusedare
represated inFigure3A to E.

If we take a closer lok at the patern indtcated in
Figure 3 A, repesenting the timedependent
frequencystructure,the following paramegrs are
included:

a the starting point is at the frequency axiglat

b proceedin@long theime axs, theonly parameter
involveduntil a change ifrequency ocursis the
time duration 0D.8 sec.

¢ from now on, there is nobonly a continuance in
timefor 0.3 sec, but als@n increasig frequency
up tof2; thus o paramedrs ae involval.

d after frequency f2 is attained, the only paramete
thatis involved for the resof the stimulws pattern
is a time diuration of 0.3 sec

Summingup the independemrthangeshat ocur in
the patternover tme; we ative & 5 degres of
freedomi.e. 5 parameterthat might change awbasic
patten. So we olserve thathe minimuminformation
load in this corfiguration is equato the number of
degrees of freedom that is 1=5.
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In exacty the same way we can describethe
phase-inveaed pattern ads presented ifFigure 3 B.
It containsthe same tsuctuml information bad,
althoughthe percepte valieof theinformation isnot
included:a patern ging from a low frequency via
some path to a higherfrequencygives another
percefive sersation then theinverted one.

We thus arrive for the sital B at a alue ofl=5 for
the amaunt of structural information.

We now takeFigure 3 C and proceedalong te
patternin time to notethe degrees of freedom. At first
glancethe three segments of thpatterncoverFigure

3 A's e/olution n time upto 1.0 secFrom then on
thereis not only the catinuance in timedr 0.3 sec
but also a decreaisig frequency prsent After
attaining the oiginal stating pointwith regrd to he
frequencydomain, the patternends after 0.1 sec
without any change in he freqiency.

Summingup the variaus points ofthange andhe
correspondig changesn time ad frequency at these
points,we arrive at an information load this pattern
of 1=8.

If we were to takdnto aacount thefactthat n the
secondpart of the pattern where we arrive at a
frequency that haslaeady been detmined (indicéing
thatacertainthemory' inthe perceptive expiemceis
built-in), we could derease the information load to
I=7. Howeve, asthere is byno means edience for
such a phenomenon in theuditory perceptn of
delphinids, we are inclied to insist on the higr
information load of 8 degrees of freedmn.

Proceedin@long thesamdines as foiFigure 3C in
the case of signaC, we encounter no problems in
defining a stucturalinformation loa of 1=8 br the
caseofthephase-inverted pattern, sigrial By virtue
of this reasming, it is now clear that a
constant#fequencystimulus as presented Figure 3
E yieldsthe minimuminformation load containg in
sucha pattem, namely 1=2 @ethe JANUS reseah
programof J.C. Lilly, 1977).

As far asconcatemted patterns téorm a message are
concerned,we could simpl add theamounts of
informdion by usingthe additvity theorem ofthe
individual pattensif we treathem to beridependent
of each dher.

Thus, a message likehe oneused in ourxperiment
in the form of A+C or B+D gives atotalamount of
structuralinformation ad (A)+1(C) = 13 andsimilarly
I(B)+1(D) = 13.
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Appendix Il: Considerations with respect to
future research

If Gudrunwould kecomeavaibble br resarch agin,
which is not pasble at preset it would be very
interesing to continue thdnitial experiment inorder
to see what leveshe would be abléo maste in
two-way commurication. However, if at some stage
she would not be able to improve ér language
capabilitesthe followingargument should bekan
into acoount.

A nightingale male chickefas at a very distinctive
period in its early life tdhear an adult male sintf. it
does notand the dticd periodhas passed, this male
chicken will, once adult, not be ableto sing he
characteristionale nightingalesong.In the saneway
childrenwill have to learnand speakeforethe age of
at best 8 years, otherwislee masteng ofthehuman
languageto its fill extet (ie. expessing abstct
thoughts) is impeded.

We have no prove whethen@rcahas such aritical
learning period, neither at which age this ped, if
present,may end.However,the exisence ofthis
period is most Ikely.

Gudrunwas about 5% years age athe time ofthe
experiment. If her training would contine and a
maximum level woull be established, this would
mean, if my view is corect thatthere s two
possibilities.Either Orcinus orca i.e. this particular
individual, is not intelligent enowh to reach a rore
complicatedevel,orwe weretoo late in Gudrun'slife
to give hera ful chane to develop he innate
capabilities. Therefoe | am #&ongly in favour of
repeating this experimentith the youngest possié
animals.

Gudrun when caght was only 270 cm long,but
completelyweaned ad she wasno exception a we
learned.This is a indication that the Icelandic
populationprobably grows to a smaller lentp than
the NE Pacificpopulationpf which hejuveniles are
weand at a lengh of at least 80 cm.

Paper history

This paper was originally published in Aquatic
Mammals9(3): 69-82. h this onlheversion, a pictue
of Gudrun and dmings ofthe oljects usedn the
experimentwere added Consemently, the figure
numbeiing has beendjusted With the exeption of
some text m&up changestheoriginal £xt has been
left untouched. A Table of Conteritas been added
as wellas thedllowing dort hisory of Gudrun.

About Gudrun

Gudrunwas caulgt in Ieland,in theSkeidaarsandur
areaSElceland)in Octoberl976 in an operation led
by Jo6n Gunnarso (see Sigurjonssn and
Leatherwood,1988) and was transpted to the
Dolfinariumin Hardewijk, theNetherland. . She was
caught together with Kim, a female that was
tranported to Marineland France ad Kenau, a
female that was transported to Sea Witb in San
Diego in May 1977 (Hoyt, 1990).She was named
afterthe boathat wasused in theapture opration,
the M/V Gudrin Although ske occasiomlly had
otherkiller whalesfor company (whales in transit to
other parks) she spent most of hem& in the
companyof a goup of bottlenosealphins. Ste was
part ofshow perdrmancesln 1987, lhe Dolfinarium
decidedto move Gudrun, dficially on a breedig
loan,to SeaWorld ofFlorida in Orndo. Affirst she
hadto get used to being thi other kiler whales faer
yearsin the companypf bottlenose dtphins only. As
SeaWorld trainers put it: she was behavip as a
dolphin and hadto learn to behae as akiller whale
She adapted quitewell to her new enviroment.
Within a year she was integrated in the Sea World
performancesln 188, $ie became pregnanand had
herfirst caf, Taima, the net yea. A few yeas later
shehadanother caf. Unfortunaely, Gudrun died on
February 25, 1996 of he complications of a
miscarriage (her thrd pregrancy).
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