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Summary, T? :
nosed doiphins, Tursiops truncaius. were recorded
at the Seaiand Aquarfum in Brewster. Massachu-
setts. The idenuficaton of wmch aomnm within
the group produced a vocalization was made possi-
bie by a telemetry device attached to the doiphin’s

head with a suction cup. 7% of.the idendfied -

whistles (219 ocur of "34} el into WO, primarycate-

gories. type | and type 2 (Tabie 2} ‘ﬁze rematning

3% of whistles fell into five secondary categories.
Of the primary whistles produced by one doiphin.

78% were of type ! {22% type ). while 69% of
:nmarv wiisties rom the other doiphin were of
type 2 (31% tvpe 1). The resuit that each of the
doipiins {avored a differeat primary whistle sup-
ports the findings of Caidweil and Caldweil (1963).
that each doiphin produces an individually distine-
tive whistie. Bur in the present study. both doiphins
produced both primary whistie types. This may
represent mimicry of signature whisties.

Introduction

Ever since captive dolphins were first studied. they
have been reported w0 produce a large repertoire
of compiex vocaiizations (Popper 598{)) Asige
from puised sounds used for echolocation. the
most intensively swudied doiphin sounds are fre-
quency moduiaed narrow band sounds cailed
whistles or squeais (Herman and Tavoiga 1980:
Watkms and Wartzok 1985). Most authors have

categorized doiphin whistles using variaticn in the
dominant frequency as a function of time. cailed
a whistle's contour {Dreher 1961). Early work on
the funcuon of doiphin whistes attempted 1o asso-
ciate particuiar whistie contours with specific beha-
vioral contexss such as fright or disturbance (Dre-

ne whistle vocalizations of two botile- .

‘her 1966; Drenher and Evans 1964: Liily 1963).

These authors studied whistles recorded from
groups of doiphins: they were oniy abie to asso-
ciate vocalizations with the behavior of the whole
group because of their inability 1o identifv which

-individual dolphin produced a sound.

Caidweil and Caldwell {1965) presented a diffe-
rent approach to studying how doiphin whistles
function. In this study sounds were recorded from
five bottienosed dolphins ail caught from one wiid
group. In order o determine which animal pro-
duced a whistle, the Caidweils recorded doiphins
that were isolated {rom comspecifics. often siran-
ded out of the water for veterinarv attention. In
this and subsequent papers { Caidweil and Caldweil
1968. 1971, 1979: Caidweil et al. 1970. 197 3). the
Caidweils presented evidence that over 90% of the
whistles {rom any one doiphin of the over 100 indi-
viduais from four species tested conformed o one
comtour which was easily disunguished from that
of any other doiphin within the same group. The -
Caidwells cailed these individuaily disunctive
whistles “signature whisdes™ and proposed thar
the function of signature whistles was 1o broadcas:
the individual identity of the whistler 10 other
members of its community.

The most serious problem with the Culdweils”
data in support of the signature whistie hypothesis
s that they were only abie 10 report on whiste
repertoires of isolated doiphins. often siranded our
of the water. [n this unusual context. whisiiing may
be abnormal. Isolated doiphins also cannot inte-
ract normaily. In order to study whistle reperioires
in more aormai circumsiances. one must be abie
to idenufy which doiphin produces a whistie within
an interacting group. ThNS paper reports 1 new
technique 0 determine which doiphin produces a
sound. and compares the whistle repertoires of two
captive bottienosed doiphins. Tursiops rruncatus.
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{denunication of which dolphin within o zroup prodeced 2
sound was made possidie by o wiemenry devics { caffa “vocn-
ght.” which s suached 0 2 Jdoiphin's head with 2 suction
cup. The design and construcuon of the vocuiight is described
m Tvack (1985 The vocaii:z‘:x ights up 2 varable oumber
of light emusing diodes (LEDs: depending upon the joudness
of sounds recsmtved At 3 congact hvdrophone wathin the suction
cup. The iouder the sound: the more LEDs gy up. To'identily
which dolpnin producsd 2 sound. wo vocangn:s matched for
sensitivity were used. one with red LEDs for one doiphin.the
other with Zeen LEDs for the other dolphin. Dolpiun sounds
were broadeast in 3ir w four observers around the pool who
cailed out the response of any vocalight under observation when
a doiphin whistie was heard. The doiphin with the vocalight
that it ap most duning 3 whiste was presumed 10 have pro-
Juced the wiustle.

Two captive Frusiopy at Seaiand. an aguarium in Brewster
MA on Cape Cod. were irmined o wear the vocaiight in a
few days for the smudy presented here. These swo doiphins,
mamed Spray snd Scouy. were taught'in Tifpa Bay, Florida
in 1977 and wers. *novec directiy. 1o Seniafid. When wanght,
the doiphins wers.2.m long and wers judged to be fye o_;;szx
vears of age icurrent age=12"w {3 vearsy. Spray is a femaie
(cufrent lengrh= 345 ¢miand Scotry s a male {current lengrh =
Zadoms Aftersa fewldavs ofsriiting the Qolphins showed
5o covious differeness in behavior whether wearing the vGoa-
»gm or mot. They aiso showed no obvicus response whenthe
LEDslt'up. Wes aodcsd f:o mwnse oz one doiphin 102 device
worn bvmcomzr

V& Sony TC-DSM stereo tape recorder was usedito record

observers’ Gomments on one 'channel using @ ricrophone and

dolpiin sounds.on.the otherusing AN/SSQ-i1A soncbuoy hy-
drophones. This -system had a. frequency. response from
30315000 Hz (=5 B whexn eoorded & —i3d4B VU with
Maxell UDXLI wape. Whistle sounds were anaivzed with a
Kay: Elemerrics Corpu Sonagraph Modet T029A Spectrum An-
siyzer with & garrow band (90 Hzy filter. The frequency rangs
of 2if anaiyses was (5016000 Hz,

R&suﬁs

histle sample

The whistle sampie described in this paper was re-
corded from the two Sealand Tursiops on 18 Feb-
ruary 1984, Altogether 1083 whistles were recorded
in five sessions from 0930 to 1600. During 77.6 min
of these recordings. the vocalights wers removed
from the dolphins for control observations: 386
winstles were recorded during this period. vielding
a rate of 7.6 whistles/min. The doiphins were wea-
ning vocafights for the remaining 110.1 min: 497
wiistles were recorded during this pericd. a rate
of 4.5 whistles;min. Observers used the vocalights
w0 wdentfy which doiphin produced 252 of these
497 whistles. 32 whistes were audibie in air and
observers couid locate the source to identify which
doiphin produced them.

A random sample of 50 whistles from the 497
recorded when both doiphins were wearing the vo-

calights was compared with 2 random aamnie of

30 whistles from the 586 recorded when they were

not wearing the devicss. The whisties were com-
bined into three caiegories described in the nex:
section: type L. type 2. and ail secondarv whistles.
A Chi-square analysis (Siegel 1956) of these datw
comparnng the kinds of whistles produced under

these: two- condittons indicates no sémiflcam ciix“-

ferences {Chi-square=90.68. d&f=2. P>0.7). Tt

while the doiphins producsd whisties at rates &za;
differed when they were wearing vocalights com-
pared to not wearing them. they produced simiiar
proporuons of each kind of whistle in both condi-
tons.

Caregorizarion of whistles

The spectrograms of whistles were categorized by
visual inspecuion of the comtours. Sound 3pesITo-
grams of the most commoniy product whiste. pri-
mary contour type . are presented in Fig. 1. The
spectrograms on the upper row show varianon of
82% in duration with Hule variation in contour.

- Both dolphins also produced just the first secton

of this whistle contour with no terminal increase in
frequency. Two examples of this truncated type §
whistle, termed 1A, are shown in the bottom row
of Fig. 1. The two sectons of the rype ! whiste.
termed 1A and 1B. are marked on the upper left
spectrogram of Fig. 1. a compiete type | whistle,
termed 1AB. The 1B section of the type | contour
was only produced as part of {AB whistdes.
Spectrograms of the second most commoniv

. produced whistle contour. primary contour tvpe 1.

are presented in Fig. 2, The whistie shown in the
spectrogram on the middle left has oniv 70% the
duration of that on the upper left whiie the con- -
tours are otherwise quite simtiar. Three differsnt
secuons of whistle wwpe 2 (2A. 2B, and 2O) are
labelled on the upper lert spectrogram of Fig 2.
All three of these sections were produced separate-
ly: the most frequent was 2C. shown on the middle
of the bottom row of Fig. 2. On two occasions.
sections A and B of whistle 2 occurred xege:aer
in sequence (termed 2AB. bowom left of Fig. )
and on two occasious secuons B and C occurred
together (termed 2BC. botrom right of Fig. 2). The
compiete type 2 whistie was termed 2ABC.
Seﬂonc.ary whisties were much - less common
than primary whistles and were not as stereotyped.
Any whisde with & monotonic rise in frequency
different in structure from 1B or 2C was classed
as a RISE whistie (upper right of Fig. 3). Whisties
with litrle frequency modulation were classed as
FLAT whistles (second half of the specirogram on



the upper left of Fig 3). DOWN whistes had a
monotonic decrease in frequency (middle night of
Fig. 3). SINE whistles wers frequency moduiated
in & sine wave pattern (middle left of E—“,. 3%

Any whistle that did not match any of the six

categories or that could not be sorted into just
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one category was smieved imro @ seventh VARI-
ANT categorv. Some of the VARIANT whistes
were 100 short (o assign them unambiguously (o
one of the other six categories. Some of these may
have been contours similar o 1A or 2A but were
not well enough defined for cerzaintyv. e.g. middle
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of the botrom row of Fig. 3. The rest of the whistles
of this category were hzgniv variabie, ¢.g., ieft of
the bortom row of ?'z. 3.

Whistie production by individual doiphins

Tabie { lsis how many whistles of sach contour
category were identified with one of the doiphins.
These doiphins were seidom se.-m o emit bubbies
during whistie producton.‘bur 11% of the whistles
were audibie in air. Observers could hear and lo-
cate these whisties direcdy and thus idensfy the
source. These whistles are lsted in the first and
sixth rows. of the wabie. The second and seveuth
rows list those whisties when both vocalights were
under observation and one device it up more than
the other. The third and sighth rows list whistes
when one vocalight did not light up at all but the
other vocalight was not under observation. Since
one of the two vocalights aiways lit up when we
could see both devices and heard a whistie, these
observations are probabiy reliabie indicators that
the doiphin with the device not under observation
produced the whistle. The fourth and ointh rows
of this table indicate cases when one device was
seen 1o light up most of the LEDs, but when the
other device was not under observation. Since'most
of the LEDs it up on both devices in 16 of the
110 cases where both devices were under observa-
tion. datz from these rows alone mignt lead o
an error rate of approximately 15%. But most of
the LEDs lit up on both devices oniy when the

wistie on the muddle nghi winch
was produced by Spray

doiphins produced loud whisties and were separai-
ed by approximarely ! m. Any cases where obser-
vers noted a particularly loud wiustle when the
doiphins were very ciose 10 one another werz 10t
inciuded in these analyses. so the error raze is pro-
bably much less than [3%.

- Both Sprav and Scowmy, the two doiphins at
Sealand. produced both type | and type 2 winsties.
‘While the iype | whistles from both animais had
very similar contours, there tended o be a differ-
ence between the type - whisdes of the two doi-
phins. [aspection of Spray’s type I whistles on the
upper and middle night of Fig. 2 shows that the
signal is not pure tone for a short secuon of IC.
Instead. ¢ series of sidebands are visible on the
specirogram. Scotty’s type I whisiles on the upper
and middle ieft of Fig. 2 do not have sidebands.
although the whistie siructure s biurred shighdy
due o reverberation in the pool. A sysiemanc
investigation of all whistles made by Spray and
contaimng the 2C segment siow that sidebands
are present in 16 whistles. absent in five. and inde-
terminpate in four. Only three of Scoty’s whistes
inciuding 2C have sidebands. 38 show no such
structure, and three are indeterminate. Thus the
2C whistles of Spray and Scotty 12nd (0 have pre-

-dictabie differences in aCOUSUC sTructure.

Of the 131 whistles from Spray row 5 of Ta-
bie 1), 88 were tvpe 1 {67%). 25 were type 2119%)
and 18 were secondary tvpes {14%%). Of the z--
whistes from Scotty {row 10 of Table 1) 33 were
ype 1 (21%). 73 were tvpe 2 (48%). and 47 w

W
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_secondary types (31%). Spray produced 73% of
the type- i ‘whistles while Scotw produced 74% of

the type 2 wmszias.

Scomz proauc"a more of the secondary whist-
les dmn did Spray. He was the only one identified
as procumno SINE whistles. and he producsd

 many more FLAT whistles than Spray. Two of
the FLAT whisties were produced immediately ai-

ta,. the trainer blew his training whistle. which was
aiso comsiant f{reguency. As can be seem on the

upper. left of Fig. 3, while the trainer’s wiisde and

Scotty’s FLAT whistie differ in frequency, their
contours were otherwise verv simiiar.

The doiphins in this study may have used dif-
ferent whisties in differen: behaviorai conrexts. As
an exampie, compare whisties audibie in air with
those not audibie in air. On seven occasions. Spray
produced a total of 12 whistes audible in air. Of
these, 11 were complete type 2 whistes, and the
other was a RISE whistie. This is very different

. from Snray’* production of whistles not audibie

in air, where 74% were type 1. Scotty’s whistes
heard in air were more like those he produced
whea the sounds were not audibie in air.

Discussion
Do doiphins mimic each other's signature whisdes?

The two doipmins siudied for this paper eaci pro-
duced stereotyped whistie contours simiiar 1o those
described by the Caldweils. But the whiste reper-
toires of these dolphins do not {it 2 narrow defini-
uon of the Caidweils’ (19635, 1968) signature
whistle hypothesis: that >90°% of the whiszes
from a doiphin conform o one individuaily dJis-
dacuve contour. While the two doiphins favored

different contour types. oniv 67°% of Spray’s whist-
les were of type | and only 48% of Sc.aav WRIST~

ies were of type 2. Even more important. both doi-
plums produced both of the disuncrive primary
contour types. Lhe second mosi common whisde
of both doiphins was the other amimal's favored
whistle.

Two interpretanions of this overlap in Scoury
and Spray’s whistle repertoires are possibie: either
the animeis simply shared a repertoire of stereo-
typed sounds and the signature whiste hypothesis
did not hold for them. or each doiphin was mim-
icking the other one’s signature whistle. Most of
the data on Tuwrsiops indicates that thev do not
share 2 fixed repertoire of siereotvped whistles. Re-
views of whistles from over 100 Twrsiops |Gravear
1976: Cuidweil and Caldweil 1979) have indicated
that isolated adult doiphins tended 1o produce ste-
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reotvped individuaily disuncuve cails. Caidweil
and Caidwei {1979) studied the ontogeny of whisi-
'%iniz in captive Tursiops. Of the 14 calves studied.

deveioped stereotyped whistles by the first year
or age. Avnaremiv sach caif ‘deveioped oniy one
stereotyped contour type. Sterectyped whistes in
Tursiops thus do not zppear w0 be drawn from
a fixed repertoire of s;e'eomea whisties shared
by consnecmcs. The second <ase, that for mimicry,
is based on the excesptionai abilities of doiphins
for vocal mumicry. Tursiops has beesn shown to mi-
mic man-made sounds aacntancoﬁsiy (Lifly 1965;
Caldweil and Caldweil 1973: Herman 1980). Tur-
siops also has been fmmes 1o mimic man-made
whistie-like sounds upon command (Penner 1966,
cited in Evans 1967 Q.zcmras eral. 1984).

Gish (1979) found apparent mimicry of signa-
ture whistes in vocal m&rcmges berween dol-
phins in separate pools connected by acoustic links
of hvdrophones-and underwater souzm srogeczors.
The rates for this apparent mimicry were approxi-
marteiy 1%. Burdinetal {19 '5), aiso using an elec-
roacoustc m reported that each of two Tursiops
oroduced the other animal’s signarure whiste at
rates of 0.3% and 2.5%: . The high rates of apparent
whistle mimicry reporied in this paper contrast
with the two papers just cited and with the Caid-
weil’s report that over 90% of the whistles of any
coiphin conform o its individuaily distincuve con-
cour. This difference may siem rom the different
contexrs in which the dame were recorded. For
sxampie. when animais are tsoiated or under stress.
thev may be less likely to mimic the whistle of
2 group member.

Given the evidence that individual Twrsiops do
a0t share 3 large number of distinctive stereotyped
whisties, if one animal produczd a awcozvpec
whistie more tvpically produced by a different indi-
vidual, this wouid seem o represent whiste mu-
micrv. However, proof that the overiap in primary
whisties represents vocal mimicry of individuaily
Zistinctve sitersoryped whisdes will require study
of the vocal repertoires of dolphins before and af-
ter they come into ACOUSUC COnLact

Possibie social functions of Tursiops whisties

Caidwell and Caidweil (1965} suggested thar the
function of the signature wiistle was to broadcast
the identity of the whistler 1o other members of
its group. For this 10 occur. 2ach member of a
social group would have to learn to associate gach
signature whistie with the individuai that produced
it. Is the signature whistle hyvpothesis compatibie
with the apparent mimicry of whistes reported in

this paper? Mimicry of signature wiistles need not
interfere with the association of these whisties with
their hypothesized referent. for exampie, if the mi-
micked whistles occur significantly less often than
those produced by the “appropriate” ammal. or
if the mximicked whistles have a simmiar comtour
but include some acousuc features thar are diffe-
rent {rom those produced by the ™appropriate”
ammai. Both of these conditions appeared to hoid
in the presen: study for tvpe 2 wiustles. Each doi-
phin tended to produce a difft ferent one of the two
pn'mzrv whistles. Spray’s type 2 whisties tended to
inciude a section with sidebands. 2 fearure that -
was very rare in Scotty's type 2 whistles.

If the signature whistle hypothesis is correct.
how might mimicked signature whistles funcuon?
Recent experiments whers doiphins have besn
trained 10 mimuc man-made whistie-like sounds
may be relevant. Richards et al. {1984} demonsira-
ted that Tursiops can learn to produces an arbitrary
whistie when shown an oblect: in these oxper:-
ments the doiphins were 2bie o labei the objects
vocaily. Dolphins in more naturai setungs might.
for exampie. minmc signature whisties ¢ label
other imdividuals withun their social group.

Acknowiedgerments. The advice. :nginesring ussisiancs. and
ioans of squipment anci space tha { recmved during each phase
of ceveiopment of e vocalight was criticai for IS sucosss.
Thanks w Ronaid Larkin, who came up witk the wdea of using
fight emning dlodes. Francis Carsy. Fregenck Hess. Willtam
Warkins, G. Richard Hartwson. and Richard Koenier, George
King, the dirscror of Sexiand. Keith Wiison. and Dick Cage
heiped (o rain and observe the doiphins and provided an envi-
ronment conducve 1o research at Seafand. James Bird, Cars-
wpher Converse, Sisanor Dorsey. Linds Guunes. Judith Lader,
Victoma Rowntree, ind Nancy Woif heiped observe the dob
ohins 1o determine when the vocalights liz up. { thank Wiliam
Watkins for use of the Kay Specwrum Analyser. hvdrophones.
mpe recorders. and compurers for word procsssing ind Jdatt
management, Francis Careyv, Chnstopper Clark. Domaid R
Goffim, Karen Moore, Wiiliam Scheviil. and William Waikins
reviewed (he manuscript. This research was performed with
financiai assistancs from 1 W.H.OU Postdoctorai Schoiar
Award and N.LH. Postdoctorzi Feliowship 3-F3Z-NSO7TI08.
This is contrmbution aumber 3920 from the Woods Hole Oce-
anographic [nstrunon.

References

Burdin ¥1. Remmk AM. Shomyakov VM. Chupakov AG
{1975} Communicaton signais of the Black Sea bottenose
doiphin. Sov Phvs Acoust 20:314-318

Caidweil MC, Caidweil DK 11963 individuaiized whistle con-
tours in botlenosed dolphins « Twsiops truncatusy. Namre
207 434435

Caidweil MC, Caidweil DX (1968} Vocalizaton of naive <ap-
ive doiphins in smail groups. Science (589:1101~3103

Caidweil MC. Cuidweil DK {1971} Stauisucai evidence for wndi-
vidual signature whisties in Paciic wintesided doiphins. La-
genoriynchus obliguidens. Cetology 3019



Caldwell ML, Caidwell DK (1973) Voenl mumpery in the
witistie mode by 3 Adantic bottienosed doighin. Catology
91‘;-——8

Caidweil MC. Caidweil DK (1979 The whistie of the Atlante
botdenosed dolphin ¢ Tursiops cruncarusy - ontogeny. in:
Winn HE. Cla BL (2ds) Behavior of mrinc animaisi,
voi. 31 Cetaceans, Plenum. New York. voi 3. pp 365303

Caidweil MC. Caidweil DK, Turner R {1970} Stausticnd an-
alysis of the signature whistie of an Adantic boulenosed
Golphin with corrsiarions berween vocai changes aod jevet
of arousal. in: Technicai Repor: Number 8. Los Anguies
County Museum of Naturai History Foundadon

Caidweil MC. Caidwell DK, Miller IF {1973} Stadsticai evie
dence for individual signaturs whistes in the spotied doi-
phin, Stenedla plegiodon. Cerology 16:1-21

Draher 13 (1961} Lingnistic considerations of porpoise sounds.
§ Acoust Soc Am 33: 17961800

Draher J¥ (1966) Ceracean commugcation: small group <xperin
menc. in: Norris XS fedy Whgies, doipiins, and porpoises.
University of Caiifornia Press, Berkeiey, op 529-343

Dreher J1, Evans WE (1964} Cetacean communication. in: Ta-
voiga WN (ed) Marine bioacoustics. voi 1.Pergarnon. Ox-
ford. pp 373393

Evans WE (1967) Vocaiization among marine mammails. {n:
Tavolga WN (ed) Marine bioacoustics, voi 2. Pergamorn.
Oxford. pp 155136

Gish SL (1979} A quantitative description of two-way acoustic
<ommunication betwesn captive Asiantic bottienosed doi-
pitins { Tursiops rruncaras Momrage). PRD Thests, Universicy
of Californta at Santa Croz, University Microfiims, Ann
Arbor

- 57

Geaycar PS {1976) Whistle dialects of the Adantic botdenocsed
dolphin. Tursiops truncarus. PaD Thesis. University of Fio-
rida., University Microfiims. Aan Arbor

Herman LM {1980) Cognitive characreristics of doiphins. ia:
Herman LM ted) Ceracsan behavior: mechanisms and func-
dons, Wiley, New York. pp 363429

Herman LM, Tavoiga WN {1980} The communicanion svsiems
of ceraceans. In: Herman LM (ed)y Cemacean behigvior: me-
chamsms and funcrions. Wiley, New York. pp 14%-210

Lilly JC (1963) Distrass il of the bottienose doiphin: sumuli
and evoked behavioral responses. Scisnce 139: 116118

Lifly JC {1965) Vocal mimiery in Trusiops: Abiiity w0 match
aumboers and durations of human vocai burses. Sciencs
147 300~301

Penner RH {1966} Conditioned whistle repiication w Tursiops
srancarus {Monzagnl. In: Technicai Report, 17 Apri 1966,
Listening Inc for US Navai Ordnance Test Station. China
Lake Ca

Popper AN {1980} Sound emission and deteciion by deiphinids.
in: Herman LM (ed) Certacean behavior: Wmmsms and
funcxions. Wiley, New York. pp 1-352

Richards DG. Woiz JjP. Herman LM {1984) Vocai mimcry
of computer-gencrated sounds and vocai labeifing of objects
by 2 boulenosed doiphin. Tursiops truncatus. 5 Comp Psy-
choi $8:10-28

Stegei S {1956} Nonparametric statistics for the benaviorai
sciences. MeGraw-Hill, New York

Tyack P (1985) An opucal telemerry devics o idenufy which
doipiin producss 4 souad. J Acoust So¢ Am tin press:

Watkins WA, Wartzok D (1985) Sensory bioparysics of marine
mammals. Marine Mamrai Science tin press)



