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icontinuous  Feal-fim& spectrum. - analyzer.

"phdnations‘ were ‘categorized’ ‘on the basis

'distinguishéd- The 1mportance of measuring varxabxllty in

»—ii-

Abstract T i

Vocalizations ptoduced by pods, of pilot: whales :were

vracorded. “ini the inshore waters of nev_gfoundhnd,‘ Phonations

‘from a stranded individual were also recorded... Samples” of

.from: 6.5 "to ;43 ‘minutes !duration iwere' analyzed : with a.

properues and. te.mporal assocnnons o creaLe 2 catalcg of'

the - species’ vcal repertnxre (total’ cuded phanaticns ="

2449)

3 Phonatlona were fmmd tn Te high{y vatxahle across. pods

*pat quite constant wichm'pods.r variations associated with?

successws repetitions and dxfferent -temporal’: clusheran

tendancies were alst fcund. Occaéionally, temponlvpanerns'

auuwed _between and wlthln individual vanabiuty tu he

.t'he vccauzanons of . social -delp uuds and t})e‘posslble'

goux'ces ¢ varjaiice are discusseﬂ-

Undexwater hroa&g ts of sounds tu piio‘t.

; conducted., After 'the’ broadcast ‘of Killer- whale phonatwns"

“to one pnd. CcmSLEt

three ion'. categories

inconclusive.

increase " in!. vecalization rate. Thxs indiviaual also'

responded. to! each playback phonation wu;h an. tmeaiate

‘eni tance’ of 2. ‘phonation cf t‘ne saine, categcry. .

A1 dudible

f aceustic

5 Playha:k of p'honat)ons to the same suanded'

‘animal that ! pioduced “Ehe sounds resulted g 2 daneral
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'“dulphxn specxes common “to the North | Auamc.

hdérstand anunal c’ommumcation "must” necessaruy"

attempt to.

bejin at'the place whsre the systen is complete in. al

its

3 pans», Ain " nature" (Harler, 965, p. 544), audxto:y signals’

,OE {ree rai ql.nq pxlot whalea, recorded in’ the mshore waters

Fof Newfoundlqnd, were qsed. o (IR

. 'Vc:calizat'iuns Téeorded prom. a-stenied -pliot while ” wers B

‘analyzed to. assess within -individual ‘variability in the’ ;e

“'voral' enissions of this species. Séquential patterning 'of

sone ' vocalizations ' vere studisd "for -cmes‘-- to be tween *

in xudual algnal vauation in record;ngs of pods (groups)" -

: at sea _and, recordings . dliferent pods: of puot wmles were

'com\)ared to .exanine hetween pod vanab y.'  Undérwal

“sound bxoudcasts. vere’ employ@ﬂ‘ in an - attempt’ to = £ind

‘ conslstent vocal respcnses from ¢ fEerent pods. ' These .data . =~

were . also. used to create a catelog of the specxes‘ vocal

“: reperfoire. 'l‘Bmporal patternlnq of vocal sxgnalsj ’am;.‘

tempor‘al“"assogiatzcns améng's: Gials” were. ‘alsa_exqmin d, the
' Tattey, by ieans of clustet analysis: - s
o & B
an:
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phonations, there are certain pre:equesnes of communlcatlon

odontocete species'. vocal ' Fepertoire: has” Been documented‘
: e i

with' ahy “atténtion being'paid o the essential quemon of ;7

soutces ‘of signal-variability. This study also urepresents ¥

the first attenpt . at‘examinxng temporal pa:te:ning in

‘vocahza}:wns' recorded . from - groups of . non- captive

odontacetes - and ' is. the firet repcrt of vocalizations.

recorded from a stranded aninal' of t:)us spemes. \

belpﬁinx‘d vocalizations are widely »ac‘cept’ed as being. -

used for ' intraspecific ' communication ‘(e.g., Caldwell =&
‘caldwell,; 1977;“dreher, 196} Herman's Tavolga, 1980; Lang &

Smith, 1965; L;lﬂly‘, 1963; Lilly & Miller, - 196lb), at' .some

unknown * leyel of ‘complexity. Regardless of the complexity

in' the semantics, syntactics, and pragmatics  of delphinid

that” are’. expected . to be. met. ' One expectation , Of

intraspecific communication -is. that '-all membexs. of, ithe

species share a’commion repertoire Of communication signals,:

: or at least .have some.  signals in  common. . Theré are,

must'be considered. s ' 1 ¢

LI ; [
‘The existence  of indiyidia

has bgen reported iig.man; 5
. 2 e,

however, ‘many possible sources of - signal, vAriability ' that




i o e b
(e.g., Beer, 1970; Brooks & Falls, 1975; Lemmon, 1977;

Thorpe, 1972; White & White, 1970), gorillas.(Fossey, 1972),

wolves (Harrington & Mech, 1978; Tﬁéberge & Falls, 1967),
ﬁ humpback whales - ‘(Hafner, Hamilton, Steiner, Thompson, &

? winn; 1979; Payne & McVay, 1971), sperm whales (Backus &
9P schevill, 1966), and dolphins (M. Caldwell & Caldwell, 1965,

1971; - Calduell Caldwell, ‘& Hall, 1973; Caldwell, _Caldwell;

7t UsMiller, 19737 Hickman & Grigsby, 1978).
. Individual'variability, within or, between individuals,

. ‘cannot  be reliably measured from recordings of ‘wild groups

.of pilot whalés a_s.thete is no available method to identify
\lfllich 4individual (or .individuals) is vocalizing. The use of

+ ,.@ hydrophone array has allowed researchers to determine th;

"identity of vocalizing right whales (Clark & Clark, 1980),

" 'and sperm whales (Watkins & Schevill, 1975, 1977)- when ‘there

are ‘a few widely spaced animals in an area. With smaller,
more gregarious dolphins, the use of a hydrophone array has
met with more limited success (e.g., Watkins & Schevill,

*1974).

“Under ‘rare ‘conditiol

‘| isolated. and :vocalizations  from a single. animal can be

S S .-Gould be méasired. 1In the "p;é;ent study individual pilot

, individual pilot whales do become .

{" " 'recorded. Strandings and entanglements with fishing’ .gear:

e are two s_ﬁch situations where within ._h:dlvi‘dunl variability .




Pods of pilot whales found

whales were recorded on four - occasions, although
vocalizations were emitted in ‘only one case. As other
members of this uldl.vl.dudl's pod v(ere recorded as a group at

sea, a comparison could be made between the observed wlthln

individual variability and ‘the within group variability:

Regional or dialectic sig'nal'va: ation
. ’\. . v

n addition. to mdividual vanatlons in vocal sz.gnals,

‘egional ‘vaiations’ and/ot dlalects have also been ‘Found in
the vocalxzatlons of bxrds (e g., Lemmo', 1977; Marler &
Tamura, 1964; Pitocchelli, 1981), monkeés (Green, «1975)¢
picas (Sommers,' 1973), male 'elephant seals (LeBoeuf &
Peterson, 1969), killer whales (Ford & Ford, 1981), and have
been “postulated in belugas (Morgan, 1979) and pilot whales,
(Taruski, 1976).  (See Conner; 1982, for a discussion of the
distinction between geographic variations an‘d aialécts in

mammalian  vocalizations.)  Dialectic B differences . are

generally thoug\t to arise through. ontogenetic factors

(é.g., Bremond, 19

1977; Treisman, 1978)

lnel, - 1977; qzéen,‘ 1975; . Lemmon,
and gkt therathre eRibe betHbEY"
in the bame. ‘area . if individval
exchaiiges . among  pods;. through ' immigration/emmigration,

océurred infrequently. The ' possibility : of dialectic

differences among pods of pilot .whales was examined by

comparing- vogalizations from different pods recorded in. the

e




same area, at approximately the same time of year.

Graded vocal signals

in hxs study of the vocal repe:to:re ‘of the pxlor—wnale,

Nskx (1976) .~ found ' no cleaz'»mutually exclusive

categoxies" (8. 00 ot Lanateory sighale. 'communicat’iize‘

signals, hwever, need not- be dxscreta (i.e., are not always

'sce:eotyped or delwered in.‘an all—or—ncthing way)

Extenswe mtergtadaticns of signal ‘types” can occur in-. some .’

. species (Marler,_ 1967).,v “"Grading may‘ occug in 'several
acoustical dimensions independently, such as Eregusncy,
fonal structure, and duration, each varying continuously,
making it unrealistic to ‘subject  ‘the souhgs to strict

cateégorical. classification" (Mdrler, 1977, .'p. 56).

Primatés, for example, have exceedingly~ variable signals

(Fossey, (1972; ~Gautier, 1974; Green, 1973; Rowell & Hinde,

.'1962), some species exhibiting "an almost infinite series of
internediates. betweeh the main. sounds™ (Rowell & Hinde,

' 1962, p. 294).  Rodents .and  lagomorphs- also exhibit

gtadations in ‘théir vocalizations (Eienberg & Kleiman,"

1977). The point has been made.by Lieberman (1977) that the

;W :
spectrographic techniques typically used to analyze animal

sounds would also indicate gradations. in .the. physical

'prupertles of <ertain discrete phonetic elements ‘in human

. speech. Presumably, animals. that exhibit'little stereotypy
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of signals will be less sensitive to within-category

variations than to variations between'categories (Marler,

1977). ' ~
Pilot whales 'are 'very social animals. " In some social

species individuals may become familiar with all other’group

members. In these cxrcumstances effectwe communlcahon can:

be. "achieved by expenenced mteractan:s wu—_h s1gnals that

ga’re, uncompleted and undramatized, mcludmg subtly changmg

points ulong gbaded signal connnua," (Green & Marler, 1979,
P 137). Green and Marlez (1979) go on. to polnt out’ that
"porpoises ind whales', in aqut_ion to primates, ‘nught
exhibit  these - characteristics. Not su:p:isingiy then,
Taruski's -(1976) examination« of the' vocal repertoire of
pilot whales su’gées:s that ‘this'species does have a graded

repertoire of whistle contours.

Classification of vocal signals. =

As it is futile to treat all phonations as unique, . the
erveial. problem: of Slasdieylng ataded aignils, arises, ~ail
subsequent analysis and conclusions made £rom cateqo‘ri’cal
data will be ‘dependent upon the.classification systen and
n;ay’refle'ct theé ‘coding metho‘d used moté than the actual raw

- data (Machlls, 1977). Fossey . (1972), in referemce ‘to
classlfylng the’qraded “signals of gorillas, e




: .producuon mechanism’ (Matler, 1955).

=

"these calls could be group;é together on . the basis of
similarities in their - physical structute, my subjective
imp;ession of these sounds, .the contexé in ‘which * they
occurred iand the responses which they elicited®; (p. 51).

Another method ‘of classlfylnc} graded phonations; one that

B has been rprnposed to have spet‘:ial importunce in humun speech

4 pe:cepmon (e.gui mbe:man, 1980); is" by’ the soqnd ¢

Production mechanism » .”

With pilot ‘whale vocalizations, the possible  coding

methods are more limited. Only-fecently has strong evidence ’

been pre'sented on the locatxon of sdund prodnctiun “in
delphinids (Dormer, 1979;. see also review by Popper, 1930),

Present knwledge about .sound production mechamsms-i‘s

_insufficient, to beused in classifying dolphin phonations.

Context and elicited it

"The ' communicative act cannot .be isolated.- £rof the

circumstances in Which ‘' the signaler -and :fecipient f£ind

themselves at the ' time .they ‘aré participat ng-in the

[ ekchange™ (warler, 1965, . 544).: The cnntext of ‘a 'signal :

inEludes everythxng ‘that® accompanies and preceeds the signal"

ap-dell as ' ehé states. OF  the sxgnalllr_xg and recelvxngk

|
i
|
|
L
I




Y Smith, 1965, 1977, Shal:er, Pentress, & Young, 1977),

receiving individuals were known, the

& : ¥

-g-

animals (Smith, 1977; Shalter, Fentress & Young; . 1977).. A

major” dxffmulty in cetacean reseatch. .is that surface -

. obsezvauons s g drigbies L int ad dnphat orly 4. ety

nu.nute, perhaps even. trivial “componght’ of 'the’aninals’

behavioral repertolre can' be sampled._ The lack of ‘&~ 664"

behavloral and envi

1% ‘ ‘, ‘within @ *

and/or quam:n:at:ive . variations in the: efitteed

(Bremond H 1963 H

1977 Marlet, 1967'

When record).ng pilot whales at seay . the identlty of the'

. vocalu.inq individual is unknown. " Successive : phonatmns,"

G therefore, cannot be detemxned “to ' have emana;eyl from'a .

sl.ngle andina L ora vocal exchange | between. two .(or' more) -

1ndxv1dualsv " Even. if .the identities of 'the signaling and

behavior at:

time

-of the ‘exchange. would' not'be.. This makes grouping pilot -

whale' phonations eulely on the' basis ot ‘khe; contexts. in

which' the sound is emltted and the responses elicued by the;;

“sound. impossible. ; Gtouping pxlot ‘whale ‘phonatfon’s. must

therefore “be 'done on the basis of acousth: propertles and

what 1i ttle contextua‘

ata is %vallable. 3

__:wi:h‘ the social cé:acea, the ' non-vocal: ‘' behayioral




pﬂ,ot whales (G'
 that - “survival! is 56 closely 1 19 wun ehe .

‘of the so ia

categories that ‘can'be used as contextual data” for " vué_ﬁl

_studies usually refer to. group. movements. and “behavior

" (e.g.; feeding,  transiting, 1oum; at " surface). - The

relative .xmpo'znnc'e of . these obsetvuble events and events

occu:ring beneath the surface, inolud‘ing undetectuble

indivzdual mteractlona, is- \mknovn.

Mass. {tr_a‘nd*&g‘s of

ma iy )-have led to state

organlzation that the ‘individual. curmot act

for itseli"‘(Kritzler, 1952, 329), and "evah under dur

the closely knit social behaviot of this upecies ‘prec. udes

1nd£vidualhed responses“ (Fehring & Wells, 1976, p. 193).

‘rhese statemenr.s suggast !‘.hat dunng a - stranding. ‘there iis

very . 11ttle individoal behavioral varmmuy. If so, 'gmup
hehavior -1ght accurately reflect the behuviar of vocalhing

individuals. Group movements and behaviu:, ‘however, account

fo: only a very Imu amount of the variabuity observed

recoraings . of  pilot whalé “vocalizations' made . at - sea

v

(Taruski, 1976). o : X e

One’"would - + assume that the - unobservuhle beﬁav»xor

vocalizﬂng indlviduul pilet whaleu 15 contextually more

g:oup movements. . some evidence/fer this in gmups Tof

Hawauan rpmner porpulses (stenella 1anglmxt1!) ‘has

! reporian by.Wa;k;n; and »Schevill. (1974).

been -,




not; ,‘huﬁever,‘.

_10-

acoustical, exchanges in. their sample occurred: -from anm.als.

m to 15 meters of each nther, xndlcating that these

vocalxzatxons wete “part of‘ interactions . snvolvan

F 1ndividual.s in :elatwely close spatlal proxmn;y.

,,Vocanzahons that te k to ac'cur in clpge “teémporal+

in: response {common; or . z'elatea'

- ‘One’ possible wa‘y to circumvent the ung'e’rgairity of the

context - animals . are .+acting’ within »13 to | study. extreme

é:ithation . where., one factox is "expec edito overnde a1l

others. sur_h cases may . involve harpooriing anul\als (B ishnel

& DZ).edzlc, 1966), -driying hards Of whales onshore (Tarusk).,

1976), or natural strandlngs of anlmals (D, Caldvell &

ldweu, 1971). Recordxngs made in these sltuatxons may

representative of vocallzations under o

normal cxrcums tam:es.

‘par:icula‘c asa'pec_c of "the animals’

surmunqus 15 by broadcasung soundd” . to. the ~animals. in
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< “their natiral environment. This techriigue has been used ' to

influence movement pattetns of cetacea (Cummings & Tompson,

‘1971; Pish&Vama, 1971), to demon‘strace recogn)tlon of

conspecxfic sounds (Clazk & Clark, 1980), to 1nf1uenc sound

ptcduction (Evans & Dreher, 1962), and -in ar.tempts

back g

_Telucida the mean:Lng cf specxflc suunds playe

captlve (‘nrehet, 1‘356),_,and tree*zanglng aolpmn spec1es~

record ng ‘.

t cculd reduce

0 eiated co undetectable envxronmental factors £

“in pxlot

g wh;le_s. Killer Hhale phonatxuns, recnrded wlthln the study

area, were used as playbac

- Three

)

aguns samples £ron other pods mcotpor:ating (1) wh :e noxse

to plloc whales (Taruskr 1975) as well ‘as to many Dthar

i lot whales have

g ce aéean spec_\e,s‘ Kx].ler whales and

omerlapp;m; geographm ranges in. -the atudy atea,, hawevez

there have ‘beenno reportsvof nteractions begween‘ ‘these o' -

Delphinid species in thewild: i . ' .




Pilot whales have perEeived the broadcast of killer

whale . phonationsfas "novel -sounds" either because of

recordan . ase for. the play&:ack and/or umituuons oi the
\
bxnadx‘:asung Applrntus, of" the| animals may ngver have Ipeen

1
exposed to kiuez uhnlea. Ii thu was the case, broadcast

;i 'of ‘the synthes zed varlable tone, which wla acoustically

-A'rg simila: to. thie kﬂlor ‘tale phonauons than hhe ‘pure

: :esponses to’

tone, was expected r.o have -elikited sim“ar

' whalg» .léunds. " The * constant‘ tone.
I

- vas also: ‘ted, to be perceived as.a ncvel saund

although perhaps  lels Minteresting” one than the vanab].e

tone. It was thought. that: the npise;Broadcast, 1t perceived

above  the Qxhtinq noise Erm ‘distant boat: and surf.

p:bbably would - bé 1gno:h| but would contzol. for" the
experimental procedire: of ‘placing the loudapeaker over ‘the

side of the boat and the, pr:sence’ of the loudspeaker in.the.

water.’ r st el

Tzlmzal Etteming of vocal sxgnal

with a clgsuficauon syutel for puot wh-la pnunanons

b fxc ‘wcum be poss!ble t:o examine the communieative Fole that.

Z neq enuq; patterning of ‘sig 1s pliysw i) "ms species.

' Herman “and Tnvclqa : (1950) have stnbud that "given thaxr

shon: ufe [accuﬂtic signals! q(ay\ be pattarned sequannally;




in many ways to greatly increase their ‘information 'content"
¥ % »

'og sperm whale cllcks ‘Nias’ béen’ proposed to. have ‘. a % c

: commumcauve X functmn (wE'ckins _s." s'che
role: of seqnential pat emmg of dolphin~ whi les.ha

i regious pilot whale vocal regertoire studies

repértoire Of :’he:udrth‘uian:‘ic pilot whale (g 1dni<£ gh'ax
. melaena) .'is . 'skown -to be’a ccntlnuum or matdx in which no

mutually: exclusive contogr‘ qatego:
"“of - the wmstles themselves, the attempted classxflcation
“scheme, or'his sampling methodology

2 7
cruises t‘nat covere the’ area from Newfoundland south

! Hudson Canycn, 3

ey

13- .

(p. 152).. Narwhal pulsed tones ‘have: been shown to be
repeated with regular repetitidn rates (Ford & Fisher, 1978; .

wa'c‘kins, Schevili, & Ray, 1971) and the temporal pattetning

however, be ) largel

ignoréd,

. 'In the. summar/ of his study ‘of pilot’ whale vocaluati nsr o

recorded © at: sea, ‘Taruski (1979) ‘States; ~"me. whistle

es can be ‘defme,

(pi367). ’Ta‘:u‘ski's'-' (1976) . inabilty to  Eind’ na(:ural

ogcuzung, categories of whist les., could have been a funcuon

‘the Whistless anaxyzed

i:y" Taruski ‘(1975‘) “were random samples,':ecorded oti- three

fferent behavxoral and envirunmental

contexts. "Pod n\embe:ship -was’'not cons:dered a vanahle ‘xr'x, A




A E ..“_
his study nor was any apparent attenp: lade to assess vxunn

or between lndlvidull»vauab;llty in contour use. "

yaprsne‘l and Dziedzic. (1966) were able to _identify ® five

‘basic signal ‘types from their small sample of pilot whale'

phonatxonp (423 ngna!.s identitied, 185 Of “these analyzed

. sonoqraphically) recatded “Erom one school of eleven an'mals,

; ane 65 uhwh had heen hatpnoned. They reported

rIabllity

uignals ver

Phona:lons ptodnced by fnee—rangan puot whxles..

cxassxﬂcauon - systém develop .vau used to look for
- variations in €he” phomuons used by difreunt gmups.'

Vanabxur,y in the- phonauons ‘Fecorded from a single qroup

-was  also docunnted and where possible. clues

probuble sources of vnrubxhty were presenred. The catalog

o£ p1lot whale phanaticns also allmed a ‘prelim nary’

examnar_ion oE i

'nys




recd:dmgs were: ‘made  on one channel of a Uher uou Report

<UL AT

Material and Methods.':

* Study area

"-Pilot.  whale ' 'vocalizations' ~were~ 'recorded in' i . i,
Newfoundland's mshum vaters Eron July to kptember 1979
andﬁhlly to Novenber 1980 : Recotdxngs were made in! La-annef

Bay Conception Bay, and Trinity Bay.:

v‘sczanded lndividual ‘vere

e rded ufter th natutal mass'

scrandmg'qr A singlu un.\mal nqar point“wamxngcon (vrmv

55° 24 W), New Bay. - A

‘gill net at sradztckcém, ‘ine ¢ rles Hamur_on Saund u w-u

5fBB'H),_'{Ind a stngle beached anhul near Chatleston,

Bnnavista Bay {47° 40N 53¢ 75'

ng:e 1) were: also

v recorded .

Recording ‘apparatus

> récbrdtng‘s,

we:e made frou a

i

Sterso tape recordet n 2 tape: speea' Of 19 ".S1PL8 (fiat

Erequem:y 207 Hz - zo kHz

vhichA )J_as :ecordad ar. 9.




Flﬂﬂlllﬂll




Recotding methods - ‘at sea e

% . . -17-
hydrophone was used for.all recordings (flat frequency 20 Hz
-~ 18. kHz) made at'sea while a Uher microphone was used to

record the Point au Gaul stranded animal.' The other channel

of ‘the stereo was used to record behavior#® observations’and

when ‘at sea, descriptions of grcup movements, weatner

conditions and- contextual 1nfcrm.s.tmn such as the presence

"of other boats; whales; sea bifds etc., weré also.recorded:’

-,

boat was moved from 50-- 150 m ahedd of the pod, - depending
on the rate at which they were transiting. The motor was
stopped ' and tn«; hydrophone ‘lowered. . The animals were
recorded. as - “they passed by the boat ungil they were no
longer within good acq_ﬁstic range.” The boat was ;mved in
front® of thgsjan'imal_s again and the process repeated. Pods

of pilot whales that were: olung (floating at the"surfa‘ce

with no apparenc directlon of movement) were pproached -to
within lqo m before the motm:._’was stoppéd ﬁ fecordé’ng
commenced. '. If the lolling pod showed a -preferential
onentanon, the record:lng was made from that direction "so
that a maxxmum number of animals was facing the hydrophone.
If the .anlmals were randomly Drlenl‘.ed, the bﬁat was . moved to
the windward s1de of. the pod so thz;t any dnfcmg of ‘the

boat was in. the duectxon of the whales. et

Onde contact: wWith a pod of pilot.whales was made, the




. e
Using these methods, most recordings weré-made from a

distance of 20 - 150 m and for durations of up to 25‘min5tes

B S
without interruption. Most continuous recordings were from - _

5 - 15 minutes in duration.

In total over 33 hours of recordings were made across
more than 20 sampling days. Contact with pilot whales was
maintained for up to 10 hours per day, resulting in as ‘much

as five -or more hours 'of recordings. The'diration of i

recording session-depended primarily om! the.- visibility of

the animals. and the. clarity of ‘the phonations: These in
turn were dependent on the weather conditions and sea state.
With the exception of three sessions, all recording was
limited to daylight hours.

L
“Recording methods - strandings and entrapments

At Point au Gaul, Stranded individuals were recorded by
holding a microphone approximately 15 cm from the animals

blowhole.

The  stranded animal - at Charleston was recorded with a
hydrophone (see 'specifications above) moored about 2 m away
in approximately 1 m of water. ALl sounds were mopitered

from shore-at a distance of about 10 m from the whale,

The entraped animal at Fredrickton was also recorded




i
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with a hydrophone and monitered from 2 trap skiff held in

position by-rowing.

Playback experiments - pods at sea

Playbacks for underwater broadcast were made with a Uher

4400 Report. Stereo through-a M.U.N. Technical Services 20

watt ampliiier (flnt 200 Hz - 4 kHz +3 db) and a Lubell .

(Model 98) undenuter loudspeaker (flat 200 Hz -5 xliz).

The: duratlon of a.ll broadcasts was .60 seconds,

The-playback wnples"weze usually 5 minutes in duration

(2.5 minutes.. before and after the hreadcast), plus the onme '

minute broadcast duration. It was felt that any reactmn to
the  broadcast ©of. sounds would be quite. immediate and most
nnticable during the playback or within the first 60 seconds
. after theé playback. The 2.5 minute pre-playback duration
ko seied sufficient to obtain a 'good "baseline® vocal and
behavioral record: ‘By limiting the durations of these later

saﬁples to 5 minutes, it was possible to sample recordings

trom ‘more groups of whales. As it took ‘up to sevéral days’

to code 60 seconds cE recorqu, dependlnq on the number of

phonations, larger samples ~were aluo not practical.

Addinonal problems arise‘in that pods often do not remain_ *

vlose enouqn to the boat .to get  good recorqus for

durations of over 6 ml)-nu\'.es.
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The following four types of sounds were used  in the
playbacks: .
1. Killer whale (Orcinus orca) phonations record;d in the ’ .
E presence of feeding killer whales Ooff the coast of
Newfoundland. (See Steiner, Hain, Winn, & Perkins, .

1979, for a description of the recordings.) N

White noise, = émitted - through. . ‘the broadcasting

A equiptiient aspink. noisé (energy concentrated between 2

"~ 6 KHz) due_ to tape recorder hoise.

3ot t tone, fun 1 frequency ‘of ‘2] Kz, no

amplitude modulation (AM). -

4 Variable tone, fundamental frequency ranging £rom 500
Hz - 6 kEz with variable frequency modulation - (FM)
rates and AM rates.

Playback - intensities measured 30 - 35 dbs above ambient

6 m from source.

Vocalizations recorded béfore-the onset and -after the -
cessation Of“ the broadcast were analyzed for comparison Of

phonation types and rates.

The - behavior “of 'the pods (transiting or lolling) and-

their distance from theé loudspeaker at the onset of the

élayhac_is Yaried. A, T
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Playbacks to stranded individuals

Vocalizations recorded from a stranded immature female

pilot whale (field #19) at Point au Gaul were played back to

other . individuals of the stranded pod through a Uher 4400 .

Report: Stereo. This recording was also played back to “the
same.” 1ndwldua1 that produced the recarded vccallzatlons

(i.e. “aninal 19) : Raat n 8 aly

i The a' mal s, vocal behavlor and a . des¢ iption of * it's

actions dunnq “the playback were ‘recorde

on“one track of

‘annther ‘Uher, 4400 R&port. Stereo with ‘a Uher mlcrophone “held

near the animai! s blowhole. e e e

- Recording analysis

ALl recordings 'were listened to at legst once in' their
enj:ize:yl Notes were made on the clarity of the : recording,
the  presence;’ of  rare. . or wnisual surface behavior,

vucalxzatlons or contexts, ana the quallty of ‘the. behavleval

observations whih var;\.ed due i

visibility o_f the aninals. - From these notes, ov&e_r'blz hours

based on thenr clarlty and thE rewrdl‘nq context. . Selected

" observer fat;ue ana

' of recordings Jwere selé‘ct‘ed for continuous’ sound analysis:

Vtapes we:a played into a Sncor Al -53B ‘real time’ spectzum' B




o
were played on a Uher 4400 Report stereo at »1/'4 speed, " (4.7

R c.p.s.) . ‘and the 0 - 5.0 C.p.5. scale of the analyzez was

used. - This gave a continuous realztime printout of 0 — 20 . {

kHz'(effective bandwidth 100 Hz) at a time scale of 2 C.p.s.

From those tapes~processed by the real time spectrun

- | analyzer, eight sanples; were taken and analyzed in, detaill.

‘Point au’ Géu‘1 - 'Recard{ngs we.re made from a pod of

‘approxxmately 30 puo: whales.in Lamaune “Bay  (

1) enals July, 1979; one ‘day after te smand“ng i

bay £ 135 ;animals e beach ‘near ‘Boint au Gaul. “gome "

members of thispod had been'strinded and towed of £ the -

bedch by fishermen, as evidenced 'by rope tied . around

their tail flukes. 'The sample duration was 43 minutes.
2. "Kill#¢ whale/pink noise playback - Recording' was madé
% ¢ 5 Y on I+ October; 1980, ‘in, Trxn ty Bay. Killer whale 5 g

.pnonauons were. broadcast to a pod -of. approxlmatev 70: .

pxlo\: whali 5 and’

or:a duratlon Of 60 seconds ’X‘he s

one-tialf. minute. post p].ayback ample ‘was taken azterﬁ

i s appruxxmately so “5Raitional secunds ot noise from the_

broadcast apparatus. Total sample dur.atlon was ' £ive .

minutes .

tnalu_—'ﬁecordmg was made . on

s ©:.3. Killer whale playback

.18 October, 1980, in: Tnnxty Bay. " Killer. whale

" ‘phionations were ‘broadcast to.a’ pod’of approximately’ 25 - i




: sample

g anxmals.

_vanable tone playhacks

: tone wé‘s

-2 .
pilot whales for a duration . of 60 ‘seconds. ‘Sample
duratibn was five SRGES » . !
Killer whale-playback; triali2 = RecoFding “Was.mdds, |

api}roximately' 30 'minutes after sample 3 (15 october,

‘19803 to the same ‘gfoup of whales: Sample duratiéh was

£ ve. ning tes

Noise blayhack = Recordan ‘made; about 10 mmu:es after

(18 Octobet '1960), before and. dEkér the

broadcast of nmse to a d&.fferent group of a nu_t, 30

whales. Sample durat on was £ive mnutes.. ', i

Constant Tone playback = recnrdxhg was made son 15

October, 1980, in Tumty ‘Ba

ubefore and 2 5 mxnutes aftet the broaﬂcast of -a_ tone tg’

séveral ! ‘groups | BE. pllot whales totalling almost. 200

vanablg

approxxmately 30 animals and two jand cne-ha £ minute

', tone pJ‘. yback ., was

oné-half minute sample taken,. Total

the playhack‘. Five:

\broadc‘

sample - “duration

5 minutes, ©

individuali='

Smlnutes i

dlfieren\; group of:-
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g o e ‘of an’ inmdture 221 cm female puot whale _ stranded at

uly‘14; 1979. Vocalizations recorded

“Point au Gau.

O
from this animal were later played back to stimulate

further vocalizing“from the same animal. Total sample

& duration was 26+5 minutesy

“Phonation coding-.

a; Eunct ion

vtgh quht serve

"pulsed ton

“:-£requency _cpnt&ur.:

. .sinilar"dcoustic properties, deten (ied by £6En

aural . iinp‘:éss'xon e catei;ntizinL the P

vcf

-irequency and duranon were also taken

Tms_ dacxsmh was

‘coula ibe detecl:ed compared

“this, :e‘asém the . term:

to descnbe the A resultmq'

traces. and

t- whaie sounds,

in pa?t based on’ the relative ‘ease with

STl was. also noted‘ that. m‘repetuxons of'

vuth absclute Etequencies and:




. 1962; Tilly,

.cri:iciam that impo:tant prcperties cE ‘tne scunds

'overlcoked (e.g., Bushel 1966). '

" concurrently! with

'set;'

i phonatmns 3

. ~25-
phonations, frequency and duration were often more varisble
than the overall shape of the 2 Frequency contours from
spectyrographic analysis have also been used ‘in most other
studies of . dolphin vocalizations, (M. Caldwell & Caldwell,
1965, 1973, 1979; Caldwe}‘}, é}aldw_el‘l & H‘all, 1973; Caldwell,

Caldwell & Miller, 1973; Drehér, 1961, 1966; Evans & Dieher,

9637 Lilly: s Miller; “1%la, -1961b, Steiner,

inn & Perkins; " 19793 Taruski, /1976 “Watkins &

schevill, Lsn' & Best, 1977 Watkins,

Watk:ms, Schevijl;

Schevill & Ray, 1971

Tapes were listened to at speeds of 1/2 * 1/8 rea

ual’ examinatwn of the . real 'vtime

- spectrun’ prifbout. .In' this way,. /phonations ‘that were-

un::lear on the spectrum p:lntout, due to several -contours

being superlmposed, could cften be dxscerned Dccasionally, :

phonatxons 4 that were- not intense enouqh to shdw up. clearly

on the gpectrum prm\:out ‘couTd. alsa ‘be - classxfled. 8 some

ions Of a tape were listened +0 a8 many as 30 times at

various speeds to ald in classifymg weak or supeumposed

Samp;e 1, ‘recorded ‘at ' Point’’au. Gaul, was the.first

sanple from which phonations were Categorized. . Evéry’ - form

although cne nethod s open o, the»

ime




‘ phonations) to try’ and clar1fy bny patterns in

' vaxiabxlxty that may have exigted:

L26—
visible on ché spectrum printout was categorized. As new
forms were found, they were assigned a code and ‘traced for
future reference. Variations within ‘ categories Were also;”
documented. If a sound could not be identified aurally or
visually, it was coded as an unknown phonation. . As the

number - ‘and _type  of phonations v'axiea unpredictably - over

relatwely short pemuds of t'me, this sample was : .increased

’seve:al umes to a fmal du:ac: niof 9 m).nu(es (1410 coded

his

Sounds Eroii the playback samples were : :_ﬂ:xally coded

without Treference to the cateqories developed from the' Point
au Gaul sample. Tracings were madé to dociment all new
categories and variability within the creatéd categories.

. . o

-‘Z‘emgcral analysis of coded phonations

‘As several anxmals may have’ been vocalumg at one -time,-

‘.a first order Markov chain analys:s could not Be., used to

measpre vocal respunses to phonatlons. A rough measure of
the temporal ,assocxanons among- phonations could, be. obtalned
by dividing recording sessions into successive interv‘alﬂs_ and
counting the freguéncy Gf each ‘Form tpe in these Ainr.e'x'-_vals

(see hppendix 8).

“Cluster a'nalys’is,: an analytic techriigie “ased” ‘for




measure' of.

of each form type per 15 sécond interval,

Phonation  recoding

9 -27= )
discovery rather ch;m to support- . specific hypothe;is
(DeGhett,” 1978),. was then performéd, using correlation
coefficients and average. linkage (Wishart, '1978) on. the
frequency of each "form per sucessive 15 second interval.-
The formulae -used are presénted in Appendix A. . "Phonations
were most likelj to be clustered together if they tended to

occur in pmpoftiopal £tequencles vih he same 15 seccnd‘

“intervals:”  The mdex of - s1m1larity was, the eme, al"

temporal’ assncxation of vocul context.

“The choxce G115, second duration ine units was somewhat N

arbxtrary althoigh it was felt tndt €nis was’ short enough to

*pick ap any ,poss1b1e fxrst ‘order’ relationships yet 1ong

_enoigh o fesult in a'minimal number of units with oné o no-
phonatiods. ' At the same tlme, the inherent assumptmns of a

flrst order "\OGELUE\.‘Q avo:ded . To che&k the effects Of‘rr
varymg the tuue unxt, sample 1 was teclustered usxng- ay

second’ time units. Clustenng was also redcne us‘ng binary 3

Aatd [the presence oF absence’ cf forms m intewals)

.The initial, form c‘a‘teqories‘ £or ‘each playback. sample

were also_clustered-using averagé linkage on - the . frequency

“The: himber of ‘categories within each sample was abridged '




sy ‘ i - ol

S e by ‘pooling categories ﬂith high smﬂ.arity 1ndexes and/ur .
similar " acoustic: propen:xes. ‘Rare catqories ,with\two or.

fewer cases vere omi teed. " o & s SO

The’ same forns ‘were rarely found in samplés taken from <. < - .

*comson "'coaingi' schene was

different pods. A new broader -

used o' magame" forms - “gzom. aifferent aa.gles that "had. .

W common physical chanctzri!ncs. *. These - more




Coding of Ehonat).on categon.es

,'Fo‘zme " from exc‘h sample were 1nit1a11y coded- Lepazately

i a-ﬁigmy a scriminaung ‘manner; rallowing .ver_y little -+

vari: huxty wn—.hin classeé.  The resulting c'rasée's were ten

poounq a-:uust:.carly -u-ulalr elassas

‘umtung rare’ cl'asses (uuntaining W6 o fewer eas'a)

hmevaa “alsoused . to amaxgama'e

{he. numb of. reeulting gmups

syste‘ms, the‘, term

Seven: . whistle:
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Nuitber  of ‘diffétent form groups (NA); and: ‘the,.

obtaiied in

‘coding methods;

Killerjyhale #2: -
‘5, Neise i
6. Constant’

| Variable
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. Figure 2.  Cummulative number of different form groups for
0 each of the three coding methods from sample 1. Arrows 2
denote breake in the recdrding. K - 4
i
.
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CUMULATIVE NUMBER OF
DIFFERENT FORM CATEGORIES
@
S
1

" 104

INITIAL OQU_Z.Q
| BREAK IN RECORDING

ABRIDGED CODING

| ; = -
|1|L.l.|._|.1 COMMON - CODING

g0 . 1do - b
SEQUENTIAL 15 SECOND | INTERVALS. - 3




, C . -3
throughout the duration of the whistle

2. Falling frequency - a noticeable decrease in the
frequency throughout all or most of the duration of
the whistle

3. Rising frequency - a noticeable increase in frequency

throughout all .or most of the whistle

. Up“down - a whistle in" Which frequency first .rises

ithen . falls:’ a hump-shaped: or inverted U.or V. shaped’

_ form . £ G " A

5. D&un—up - a whistle ‘in which frequency first falls
then rises: a U or V shaped form '

6. Miliiiig - a Wiistle in Vil Gikce vers ot Toast o
frequency inflections 4

. 7. Wavers - no whistles were coded as wavers

If the form was amalgamated with other forms belonging
to a different -Taruski- (1976)  category I;u':nq the. common
codes, a second digit followed, indicating the - category in
which most ‘Of the pooled .forms belonged (e:g., 3 rising
frequency form that was pooled with multihump forms would be
coded 3-_5). ©The aigit (or"digits) ware then followéd by a

letter. The digit (or second of two digits) and letter

taken together identified the common category

‘Forms from different samples were pooled on the basis of

phys:tcal (acoustic) properties; while forms froi a single
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sample were pooled on the basis of both physical properties

and temporal associations. In some instances forms remained
coded separately from all others (i.e., a class created in
the initial’ cofing ‘trial may have remained separate in the
comnon coding trial). ‘If the forn was omitted from the
ommon coding,. "00" followed the Taruski (1976) cfag;qo;y |

code : A

The - §écond set of uhaiacte:s was | comprised’ of the

recording sample numher (see pp. 21 =23) follwed by two

aigits which 1dent:_flad the 1nxt1§1—‘\uncomb1ned classes :

(e g+, 3~ 6A/130 was form class 30 from sa.mpla 1, recorded at

Point au aun).
Phoriation form.catalog’
1. Constant -frequency forms:

1A - level fregiency, 2kHz or less. These forms all had
some ' energy 2 kHz o, less in frequency and durations of

0.25.- 1.00's. The maximum change in ‘frequency was’

" approximately - 300 Hz. per, Variations included the
presence of. an abrupt, stepwise change in. frequency;
(eug.s 1a/116), or a J‘aligh\".ly‘ curved . contour

" (elg.. 5-1a/155). Usdally 1A forms had numerous x;egular-.
harmonics 'b‘vut “'sorie .appeared - pulsed, with numerous

- irregular, harmonics (evg., 3-1A/136). This category was




1B

_frequenz:y nt ‘the - end

1c

~

s ob-erved but  some,~ £6rms
fraquency nt the. ttuw

'.415, 422, 511 513: 514, andv613 (see Pig\lra 4-).

. i’alung frequency féé-i;s:
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comprised of form classes 110, 112, 113, 114, 116, 136,

198, and 413 (see Figure 3).

- level frequency, 2 - 6 KHz. The frequency range - for
1B forms was from 2 - 6 kHz with durations less than 1.2

s, usually about 0.5 s: ‘Very ‘little ‘change in frequency

had abrupt. increases. in

ordecresaes ©

; Thi- category

r.‘cmpriuad of fox'm clasaa 111, 118 222 217, 31

Zivery ‘short, ~variable .freduency. "rh-iaa forms were

grouped on the basis of their very short durations,

typically ° les than; 0.25 s. Frequency -was highly
variable, but slveys less than 8 ‘Kis...'No' harmonics were
present unless the —phonation- was -pulsed, with_ the
e;cepeton of one 216 form. 'l'hh‘ category e comprised |
ofform ‘classes - 115,216 (see Figure 3), and 815 (aes

Piqute S)

- fraquancy decrenses 2 kHz or ‘less. The chanqe 0

& freqnency was less than 2 kH: for the-2A fonyw. in  most.

cases pz’apox‘tional to the initial’ fzequaﬁcy. 'ﬂ)e tate

of change was approximately 1/2 of the 1n1txa]. frequenq ’
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E‘igulrle 5, Forms' recorded from a stranded individual (éampib_' e
: 8). g P AR R = 2
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- appro)u.mately 200 kiiz| ‘per.s.. The sudden decgeaae 1n'

send of this asz form .(see Piqure 5. p- 37) It is

S-38- s
per s (exceptions were 747, 725, & 72L): " The .-deciease.
in frequency was < constant’ (except 522) throughout' the

duration of the form. Thxs category was compused of 3

Tom— —clagses ‘121, 124, 125, 126,127, 221 321, 421,
521. 622, 721, 725, NW1gure 6

- large, ‘rapid decrease in frequency. ‘The:' basic

component cf these onms was ‘a’very. xapid decrease :

frequency over duratlons of - 1eéss thanu 25 A 'l"heae‘"

changes in: Erequeney were as much as 14 kHz, at: rates of

frequency cften resulted in incomplece form -‘traces”’(a

reculc of the  spectral ahalysis sampling, rate). :The;
frequency at the start.of the rapid decrease was' in. -of

near ‘the ultrasonic range (from 16 - 20+ Xiz) These"

forms de:reased in Erequency continually (evg-; 224" and -

623), ‘or had Lnflectxcns.‘ The - overall trand was always

to llower freqqencl.es. 'Later increases in frequency

never were: ‘as high as “the. 1nitial frequency. ‘The 255

forms had, one; inflectxon, fonowmg a contour

over. 0. 5 -.0.7°s." The 265) 765 and 841 (N=1) fcrlns had bt

two. xnflectlons (dwn-up—dwn) over 0 4 =

.2 s, 'Phe

841 iorm occutred lesa t‘han ‘4's hefore the ‘862 . variant '

with extra inflections and.is almost, J.demucal [to’

in p
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6B/862 forms, the usual first component havimg been too

faint for detection or ‘omitted. . Forms 265 and 724

s had injtial i in frequency befére the

rapid decrease in pitch. This category was ‘comprised of:

form plasses 224, 255, 265, 266, 623, 724, 765 ' (see
. \ . 3 i A
% Figure :7), and ‘841 (see Figire 5, p. 37). )

' ‘Rising ‘£requency-forms: :

3 - short, gapi& increase in freguency. -A;}.Jh'forms “had
' a rapid increase in'.fteéuency/ of 3 - 14 kHz, and
durations’ usually were 1lsss = than ' 0.50 ‘s, but
occasionally - as long as 1.3 s (e.g., 338). Initial
Srequencied of ter were less than 1 ez put ranged " as
high as 5 - 6 ki (e.g., 150, 732). Sudden increments
s in frequency‘ also . occurred (e.g., 338) .'that _werev'

occa&iona1lx melodic - ‘(e.g., 190,. "290). _ Frequency
{ sometimes leveled off near the ' end of' the contour .

"(e.g., 196) or even "had an inflechi‘on'(e:g., 195, 895).

Harmonic relationships were gometime; seen bethAen 3

o' .forms within " a wample (evge, 732, 731). A discérnible

pause of less ‘thai ‘0.2 sec in duration was present

within. the 137 forms. This category was comprised of

’.classes. 131, 137, 138, 190, 195, 196, 231, 290,. 331,

332, 338, 631, €32, 732, 731, 831, and 895° (see Figures

8.9, & 5, b 37).
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Figure 7. - Component form classes of common form categories
2B and 3E d
.
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38 - signoidal increase in- frequency to less than 5 KHz.

These forms were usually sigmoidal in, shape. The

initial increase in .frequency leveled off then the {

phonation ‘términated with ‘another increase in frequency.
| o= . " The initial frequency was between 1 - 2 KkHz while the
terminal frequency ranged from.Z - 5 kHz. The durations.

of 3B forms was froi-0.50, - 1.25 s,  "Double- whistle"

variations were "present. in ‘three: of the four’ samples
containing ‘38 forms .(sal’nples L 7 ana’ s it nob 61,7
“samplé -7 variations were generally’ lower in frequency,
Sl s @id net have ‘an initial . broadband component, and

exhibited less terminal inflection than 132 forms. The

most numercus. sample 8 3B forms (832, N=125) were
. shorter in duration and loweT—in frequency than the 132
_forms recorded from the Boint au Gaul pod. This
! fidiviaval peoduesd many varlations including £orms with

_no formants below 11 kHz after the. initial attack (form

835, :N=4), forms' .with ‘a. pause (N=2) and forms with

_ temiinal decreases in frequency (833, Nel6; 861, N=1).
Gne .case ¢ith a terninal. decresse.in fréquency wis aleo.
found in each of samples 1 and 6. This category was
comprised of classes 132, 692, 792 (see Figure 9,

55,

p. 44),.832, 835, 861, . 833 and 868 ‘(see Figure

p.37).

.'3C =+ short ‘increase in frequency below 6:kHz. The 3C forms ‘
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ware lower in frequency and had a smaller increase in
frequency than the 3A forms. The initial frequency was
usually greater than 2 kHz, with the exception of 535
(initial, frequency . around L8 kHz) Terminal
Erequenicies * were ‘sométimes as high as 6.2 kHz

(e.g 535) bué vere ! typicany-' less than 6 kiz. The

N duration of SC fozme was 1555 than 0 5.87 (except 335 and‘

435 and occasmnauy as short as:0.25 s: (e.g:, 239): '-

Sone 435 £orms vere slxghtly

ignoidal in shape..

forns shwed cons).derable vuiab‘hty ~and; could. be

conaldered abhrsvlatsd EA forms. - Hazlmnu:s were ‘seldom

present’ ‘exdept | in’ 133 -forms. ' ‘This' dategory was
comprised of form classes 133, 235, 239, 335, 435, §nd

535 (see Figure 10).

- .
< short increase.in frequency betweén 6 - 10 kHz. . These

forms _ exhiibited short durations (less than 0.5 s) and

' higher initial frequencies (6 = 10°KHz). than 3A . &nd . 3C

forms. The increase in. frequency was'quite constant

throughout’ the.* form -:duration.. Harmonics. . were

ocassionally  present but were often too faint to be
detected. Form categories 134 and 191 may have been
hamnxcauy ‘related; indicating -the possibility of a
sunuu producmn mechanism. These two forms had been

recorded simultaneously * and coterminously (Figure10).

“This.category was comprised of form .classes 134, '191,

The 3¢
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A g < figuro 10. .- Component. form classes
* 3¢, 3p, 3F, and 4D
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Figure 5, pﬂ37].
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291, 294, 694, 794 {see Flguré 10, p. 46), and 834-: (see

- long, ‘"noisy" intreasing ‘frequency. These hnoisy
sounds were- characterized by & broad:@band attack with

some initial energy Detween 1 - 6.kHZ (in 'the. case of

~139) or’ between, 2 - 4 KHz (F0r 167 & 839 £orms)..  The

-aknnoverlo-Ls‘.

The 157 furlns may ‘have been Iéss }ntema tracea of 139

fo: ms as- these differed ma:.nly in their tim‘bre Note

that the 6C/163 foma werxe "comppsed ‘of 139 forms thh

" adaitional’ terminal infl_ect.lons, but were coded with 117

+.3F

839 (aee _

.and’ 119 forms (similar to tne. 6C/168. terminal

component). The 6C/168 forms had ‘a stronger temporal
assaciation with the 117 and 119 oms due to the
sma.ller numiuar of intervals inwhich they were found.

This* categnry was comprised -of form clasaes 139 ‘167 and

igire 7, p- FivH

{very short nGisy. | These - Were very short duration

(less. than 0.2 8§, 1w 'frequencfl broad band scunds:
The' 3F forns.were vex.:y umu.lar €0 the ‘start be. ynany n
and: 3B fotms and were pro‘bably temlnateﬂ or truncated

phéna:;ons. It also possxble that t‘hese fonu nught

“have < sexved as phonemes. 'l"heqe sounds vere. only

récordéd ‘from Point au.Gaul-animals, samples I ‘and’8-
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(form classes 192, and 892 see Figures 10,.p. 46 and’ 5,
pe37)e . | 5 E NG, ;

'lvp-dowr'.‘ forms: 5

apid ub~down;- 4 = 8. KHz. | The basic component of t‘he

followed by .an equally r‘ap decrease::. in

to-8 Kz

“frequency..” usually of 2] Hz leig: 4, 844) " bat

ranglng to over. 4 kHz : ‘This 'decrease .in

'ftequency ~wai never belw the initial fxequenoy : 'I‘he

up—-down componem: was” amtxmes follwed by a'

murease ‘in frequ ncy RS pltch alightly higher than -

it Eirst! inflection frequency evg, ms, :2;;,» 337; 4

or s—liqhtly 1wer (e.g., 333).  Oother

with the second b

"the fiznt (V'g., 167],

by addiuoml inflec

k foms- ax‘n;\.bited weriable: degfess of *inf

cnsequently @ wide range of _dirations, they were coded

'_in, all and ‘e dlose tempntal assoclation ‘among - the'

. lalllple 1 forms in_thls category (see “Fi

re’ 11). i,

2 forms were




< Sequence of :sample. 1; AA variants’ thh
“al 3, form Variaﬂts lB) Sequentilal
Of 4B forms': Ermn samp!ie 7 A




. - —49a-

- ‘Kilohertz

- Sfewmls

Ca2
49
VAR

| «l\mri\ M M' xls«L

SR

,‘2

h..

1 D' ¢
”Secolis, : .




-50-

FXgure '12. . componant £cm clu;u 6f common form categoty
and a sequence of forms fron sample 8
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This category was comprised of form classes 144, 145,
187, 188, 189, 108, 288, 333, 337, 537, 795 (see Figure

13), and 844 (see Figure 5, p. 37).

- "smooth" = up<down.  The initial and terminal
frequencies of these forms differed by less than 2 kHz.

The . frequency changes were usually less than 4 - 5 KHz

" ‘although 542 variants covéred frequéncy ranges of up ' to .

4c

10 kHz.

* Forms.-in this class offen had a detectable’

harmonic, structure. Clhianges in frequendy were ' usually

..continuous ‘but :.stepwise 'increments, especially during:

the . initial “increase. in 'frequency, also. -occurred’
(e.g., 543 &nd 748). Forms were often very -asymetrical

(e.g., 542, 445, and 742) but assymmetry was also

observed (e.g., 744). Some of the observed variations

within a sample seemed associated with sequential
repetitions of _a form (e.g., sample 7, see'Figure 11,

p: 49).. Eorm 143 occurred in close temporal association

‘with form 126 (see Figure 14). This category was

comprised of form classes 143, 246, 444, 445,.542, 543,

742, 743, 744, 748, and 749 (see Figure 15).

- rapid. up-down, ‘10 kHz or more: These forms werefall

characterized by very rapid increases in fnequency * of
; 4 : R

_ over 10 kHz,  often reaching into the ult¥a-sonic range.

In 242 forms the initial up~down component was ° followed
1 2



‘Figure 13.

4A and 6C
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Component form'classes of common’ form .categories
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e

Figure * 14i-. The Lnitial repetitions of o bouts oi 45/143
; / . fDL’I‘!S showing.. develcpment of the 143 contmxr from 133
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by a constant frequency (2 - 3 kHz) of over 0.5 s
duration, often with harmonics. The 341 forms also had

a frequency (approximately 4 KHz)

after the initial up-down but ended with a - sharp
decrease in frequency of about 2 kHz. This ‘was
sometimes  followed by extra inflections+: that: were
regular and sinusoidal or erratic. One variant has been
recorded, with each of - four, sever, and nire 1nflectxnns

adged to the basic: 341 - contour: Durations fcr these

variants ,were ‘0.8, '1.7, and 1.5's respectlvely. T'he,

‘initial’ rise of | many 341 foms'ﬁcllawed a 74A/337

contour. The 443 forms differed from the other 4C forms
in that the sharp rise in | ' frequency oceurred without,
before, or after a cansr_ant. frequency component of “about
0.5 s duration, Both, the initial ‘and terminal
frequencies of 442 forms were mear 4 iz, This category
was comprised of form classes 242, 341, and .442 (see

Figure 16).

- falling up-down. . The 141 ‘forms' ‘that made ‘up ' this
category decreased, 1n frequency £rom-an. initial value of

about 5 KHz to.a terminal frequency of 4 kHz. Durations

" 'fanged "from 0.5 % 1.0 &.. ‘The ‘steidy aec;eas"e in’

" spanning aboit 1 :XHz:

frequency was intérrupted by a short "up-down . comporient

slope, duration, and frequency to.2A/747 forms but. - witH

These. sounds were'ainilar in,




=5

Pigute J.S. Ccmponent fom ‘classes or common ﬁom,categories c MG
‘4C"and 5A. . Dotted 'sections ' of  thé ' forms . were“not. /'’
lntense enough’ to ‘show up on the. spectrum printout- but |
' were drawn in-on" the basis o( auditory analyﬁls at
‘reduced spsods. p | g
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the up-aow'n infidction. This cnagoq was: cmpnsed of .

fum class 141 (see ngure 10,. p. 46). " EEEN «

5. Doim-up forms: 20

5A - stiort down-up, Thess wers' short duratwn (1ess,’. than

0:5's) downiup e of ‘vagisns frequency\v ‘The. mipimim

- frequency in thesé forms, hdwever, was often:3; 5, G

Scme forms - appeured

initial frequency, (except’ £orms. 159

two BSB

3E/839 form.

‘clagses 151, 152.

- (see Figu

5K forms; ' and were ¢

zed by &

(usually) component in tha middle | of ~the’ ‘form.

iable, but"\iu\ia L




i T

N

initial frequency. The basic frequency was the first

harmgnic in .the 154 forms. The fundamental frequency

", 'and even harmonics were usually only detectable during

5C

-the middle pait Of the form and occasionally not at all:

* Thig category vas compriaed of form classes 154, 165 and

6,54 (sse ngure 17) )

~"level. down-up. The 5C orms had 'an initial £requency

of | about 3 kHz which decreased very gradually at first,

~tfien Fell to 2'kHz. This sharper, decrease in Efrequency

6.

3%

. was iznmediately followed by an increage to the initial

£requency. Form 'é1a-s-552 was _thé only corponent Of

this category (see Figure 17) i

Multi-hump fom o i

e N ‘- v,
-'ugm:udnl ,increase to 7 kHz. ALl 6A .fo’z-ms ended with i

a \—entwaly constant frequency (about 6 kHz) componem:' ¥

frequency of abdt 1 KHz. The initial component of the

form was !ithe a zapid increaae in. frequency . from: an

initial “value’ of 27 - 4 itz (eg:s '130.and “161) or, a

broad band a(‘.tac'k from ,}lsss than ]. kﬂz (e. g- 193)

5
Theae ‘three foms all ‘had “a axgmoida]. ‘conitour: - The

of. 0.5 s,du_ration, followed »by a tapid “increase . in X

initial & ent eauld aluo have peen a aecpeue th’en' g
Qponent i




Figure 17. Comp
© 7 5B, 5C, and

: I R—
'
. y
59— v
) e

onent form classes of common form categories
6A a
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‘themselves. ‘The eecond peak hawev:

+60-
in frequéncy during the middle component. . Durations
ranged from about 0.8 for 161 and 162 forms to 1.3 s
for 130 and 193 forms. These phonations were temporally

associated with each other and with!3E phonations. This

category was comprised of form classes’ 130, = 161, 162,

and 193 (see Figure 17,7p/ 59)."

- double hump., These forms were: characterized. by. an

initial " Up-down-up - Contour . that’ on occasion ~had

additional ’nflection! on ‘the ‘end.. These ~ "doublée
peaked". contours differed " between samples but showed
little variability within a sample. In sample 1, the
basic frequency started around -9 kHz, increased to
apprémimately 11 Kiz then  decreased to § - 10, Ruz,

followed - by another incréase in frequency (e.g., 186).

_'This second increase sometimes peaked near.13 kiz then
[ ‘decreased again to. near 10 kHz -(é.g., 166). Both the

186 and ‘166 forms had detectable findamental . and,’ first

harmonic. formants . at about 2 and 4- KHZ ‘but’rio ‘Gther
energy was detectable below | the £ifth ‘harmoric.: . The

fifth harmonic wvas the ' basic frequency. Form 166

exhibited variabihty in the mddie component;. - beteen

\ﬁ enkidn frequency and also. in the peak freduencies

was -never lower

in frequency than vh‘e fust: Forms coded 169 ,(N=2) :were

modified 166 ¢ forms, ' having.. additional': terminal- [

’




61
inflections. Both 169 forms occurred during an interval
within a bout of 6B forms. The 186 forms could have
been considered truncated 166 forms whereas the 169
forms were elongated” 166 form. In samples 3 and 4,
6B forms started.near 3 kHz and  inflected ' at

g ap{amximately 6,.'5, . ‘and 7 xnz. Aqain the’ second peak
vis néver lover in frequency than thé firsr_. “The longer'.

forms ‘in sanples 3, 4, and 5 (e.g

362, 452, ana '562)
typically had two hore - inflections than the dhorter:
versions (e.g., 36l and 561). Variants' of 6B in sample
5 included one case where the second peak: v Lower. in

' frequency than-the first. Some forms were also shifted
upward by about 1 kiiz- and the.563 forms (N=5) consisted ;
of 562 forms with extra inflections on’ the énd. Sample
8 variations differed from the sample 1 foims thoiigh ‘the
stranded 'animal recorded in.sample 8 was thought to be
from the same pod as in sample’l:‘ The 862 forms (N=€) .
started at a frequency ‘of 2 - 4 kHz, increased to 8 kHz, '

decreased to about'4 kHz, increased to about 10 Xiz_then

decreased £& 4 - 6'kiz over a 0.7 - 108 aura:mn. “one
.form did'not have a terminal. decréase in Freguehcy WHile

sncther varidnt had two extra “terminal 1nflectxona. The
. sample 8 animal also produced’two, cuffemm forms that -

wer’e baucany »double-humped contours bt were ‘colded"




‘6

(see Figure i3, p. 52).

62
temporally associated (see Figure 12, p. 50). This
category was ebmpzisea:/ogfom classes 166, 169, 186,
361, 362, 462, S61, 562, and 563 (see Figure 18), and

862 (see Figure 5, p. 37).

" - miscellaneous 4 kHz or less. These form classes were
temporally associated and all were relatively 'rare (I17,
N=2; 119; N=2; 168, N=4). All'cases occurred within a
two *minite - segnent of samplé 1. The common feature of
these form_s:was » Filriy constant-Fheguency’ comibnayt SE
about 0.5 s duration that ended with &n inérease in
frequency. This basic component may }gave’ occurred alone
(e-g-, 117), may have been preceeded by a short period
of frequency modulation (e.g., 119), or may have been
preceeded by a 3E/139 form. (e.g., 168). . These :o;ms
were also temporally associated with 3E/139 “forms .and
might have represented variants of ‘the 3E catégory: The,
3¢ forms always océun:‘ed close in time to 3E forms ‘but
35 "forms « frequently occurred without 6C forms, This

category was comprised of form cldsses 117, ' 119, 168

~ "W" ‘shaped. .The 6D contours were all basically shaped
1iKe the letter "W" with variations in the - center peak
height, the ' slope; + and ‘the’ amount. of Erequéncy

modulation:  All- forms tended to increase “in fregiiency -




- Figure 18. Component form classes of common form cféevbue- *
. 6B and 6E . : . :
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except 734 which exhihited a decreasing trend  in
frequency. - The -initial f£requency was between 3-and 4

X : XHz. Total duration for these forms was from 0.5 to 0.7

‘~ i 5. Some 267 variants did not have the initial nequem:y‘

1nflection“ This catédory was comprised of form classes

267, 334, 4'34. 534, and 734 (see Figure .19).

‘- o 6E - multiple i‘r’.ne'etions' iv- 4 XHz. The .781 ‘forms had

‘Inflections numbered 6 -to" 10 - and -arose . from

& rapid, freguency modulations arcund a centfal frequency

of about 3 KHz. The sample 8 forms (860, N=4: 880, N=
and’ 681, Ne1) had ‘4 (881); 5 (860) or’ 6 (860)
inflections, ‘This category was comprised of form
classes’ 781 (see Figure. 18, p. 63), 860, 880'and 881

(see Figure 5, p.:37)

. . 6F - M around'4 KHz. These forms' weré characterized by-an

initial ~short- (0.2 =70i3.5 duration) up’-aown (eas, 1éz

L " and. 782): or down-ip (e.g., 292) component. folloied by ‘a

lonqer (0.5 to- 1 0 s duration) more constant frequency

componenc Mith energy ccncentrated around’

Frequency tanged etwesn2 and 6 XHz -while duriuo‘ 5

- varied, axound 1,0s, some frequency mndulation Gocurred

during the nm-. puc of some tome This | catiegory: was

efiergy in the,range of ‘2 - 4 Kiz.and durations .of 0.5 to '

4 VF.H:._

"namonicany r‘elated - formats. ; vere sometimes present.:’
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Figure 19.. Component form classes of common' form categories
6D ‘and 6F . - 2 B

s
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- and lnflec(:ed 9-times Dver about 2:8. ’l"he twﬂ 864 fotms

. form 168 was, 1 2 g and” crne fa]nt harmnlc wal

==
‘comprised of form classes 182, 292, and 782 (see Figure

19, p. 65).

- miscellaneous multi-humps. These. were miscellaneous.’
multi-hump - forms, generally long in duration with‘many
£requency inflections... Forn 164 inflected 11 times over
a duration; of 1. 7 s The basic frequency - vas. betieen s

resent in this form.

and 9, iz and,, harmonics vere

Fox‘mB 184 was. a:rly similar to 164 thh 9 inflectxons

within a frequency ‘range of. 5.~ 10°KHz, “The dutatmn SF

/present.

Forns ‘164 and 1a4 wers not, temporally related- Forn 184"
and ‘185 occurred aout 15 s apart’ and Both had energy
concéntrated i@ ‘the -tame ramge.” Fom, ‘185 had ‘five
frequénty, 1nﬂect10ns Quring it's 0.8 4 duranon. rms
forn (185) had no_ hamonics drid ehwed soria;’ Fiseptiance.

to 4A, forms. . Fornm 181 Lnflectqﬂ ‘only three ti:még and'

had a basic Erequency of :becween'kv_a‘xld 7 KEz. This forn "
(181) s similar’ to ihe’ 6h/162 ‘forms although there was
no temporal: association. between them. - form '153'
/inflected 5 ‘times. between '6 and . 10 kHz over 1. 0 s.

There: were no hamonics present § ln fornl 183 whlc‘n

g star\:eﬂ out with broad band snergy from'2 to B kHz.

Fom 280 was 'lowe t in freqllency (between 2" and 6 kHz)

1nﬂected 5 and 9 times .over.: duratl.cms of l 1 and 3 .
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Both 864 forms ranged in-Erequency from 2 to_ 10  kiz,
‘had ' hammonics, and started with similar -ap-down
components. The unique 865, 866 and: 867 forms = were

I S temporally sssociated with- the two.864 :forma, all Of the

sample 8 vnrianta ocmrting within 1L uecanas'

“Pigure | 12, pe 50). - These. forms (865, 866 and 357) had"-

ectiva ly wit‘hxn

2, and; 4. .'1n£1ect1ms,‘
‘of 10208 ksi. This’ ::atsgox;r vas
zau ‘864

" Variability within cuegoi—ses %

Twelve main typn of variution wara ot emd ancnq

- phonauonu, within uq)lea, that were classified in the same . -

£ofn category on the basis of ensorit adsiciakie and/or_’

‘Gverall  acoustic similirities.. ~ Tiese main _types of'

“variation werei .

1., Eruncation’- These phonstion. variants- started like otfer .’

phonatiom then cnded abmpuy (a i, 3F; GB/ 86). -

N

abbreviation — - Some . forms _ were' aistinguishable. o

R lhortar durationn and frequiency ranges. ul.thougb rate of
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fdurauc_ma ‘but conta qlnq y du;c' I O
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feversals. - so .

pmseu = ‘Forms cccurted with chaxactetinti

st notnh(‘gx ‘and’ e iormsy}__.

cnnsiderahly in frequency.‘

éta:téa wm' brodd=band

teminal inflectwn o an‘).

some that fnlwed the usual

termlnal inflectibn whie‘h

frequend

overall Erequ ncy trend’
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samples. =
11. aaditional frequency inflections - Adaitional “Erequéncy
inflections ‘were sometimes observed |at the start
(e-g-, SB/6€54) but were usually addg}a»co the ena of¥he

more common variant (e.g., 4A, 4C; and 6B). <

12.  harmonic structure. - Variation in the number and

relative strengths of the harmonics of ‘some. foriis ° wete

vy ’(e.g.',fas/eéz, ‘en).

‘T_hé sample B 3B’ vuriants recordad ‘from' a* sinqle an

included double. whlstle fDrmB, paunll, 4 temina; inﬂaction
variants. and « variability in - the . number . and relaf.ive

strengths of the harmionics.

Component sample contexts, surface behavior and vocalization,

As‘the dffferent samples analyzed differed’with respect

. to*size, ‘recording context; - date, and the -pod being

recorded, they -will be treated separately, Comparisons will

theri be made among the different samples.

(1) PQint au Gaul - ‘These recordings ‘were made on'15 July

1979, theiday after the nass stranding . of 1:5 pilot whalés

. 'near; Point au Gaul (McLeod & Lien, in prass)

- i
T
Behaviorally the animals seemed "normal® although some

‘mot. " atEributable - to:  overall ignal . :Strength-




¥ “rank, acccrdinq to fzequency of Occurrence,vfxt a

samples 3

had definately been removed from the beach (as evidenced by’

thé . presence of short pieces oOf' rope tied around their

caudal peduncles). The data obtained £rom this samplé may,

therefore, have been pathological.(see Appendix B).

The' freqnency of occurrence ‘of the phonations - recorded

in: 0f_the 1410 ‘forms ‘coded;’

sample 1was 'hl.g'hly ‘Variable:

fx;equencles. “of 'from"5 't

i
relationship hetween log frequency of form5 type and ¥

' The'

negauve

~expcnentlal function (r=-0,94, see Scmeiae,

F‘igure 205

1973) Over one t'h:er of all tecorded voca].l.zatians were of

one type (common code JA) - 'l'he top f.'hree rankinq £orms (:m,

3B and 3p) accounted for pvet 508 of all vocal!.zat!ans

reccrded .

hs this. sample (43 mnutes) was larger than  the " othet

taken together, any | temporal patterns regm;mg

vocalizatiops shoild be more apparent in'trese data.

It was appat:nt £ron Looking ad” the . number of éach - form

type “in succesu_i‘(e intervala‘ (see Appendi)g B) that ;nany'

sounds were nc’m"randomy_ Qistributed “in time, ~exhibiting




Table 2. Frequency
~ - per sample. .

=
and rank order of common £orm

égtego:le_s

samplée number ©

‘4
a 9
2,

8
3
10 -










e succeasive 'xntezva].s

more xnr_ervné. all of which'had at least one’

" enyyiotons oHly ;hr,ee nngxe occurrence essians ot 3 were

=73

temporal clusterlnq or (mutsng ijectxvely defirunq a houc

«can be very probl.ematlc (56 Machii

1977,. f@r a ,dla_cnssi.cn

ﬁ'his 1ssue)

From_the’ matrix’ of - form frequencias, inits

'r_wo separar.e deﬂmtwns ‘seen

apprcpriate (keeping Ln numi heA limitatlmu i.mposed by

3 pooled | data) kThese definir_ions of a bout are: 1)

tv?q or more aucce!sxve 1ntezvalB rin w'hxch & g:l.Veﬂ furm was.

Pr_es,ent-,

(‘.'he px‘essnce of

tvolor ll}ore forms: in‘one

Tﬂ'g ‘frequency per Lntervnl plot! £or the dlfferent Form

categoriee (Fl.guxe 21) give :some i.ndication of the "dens.l.t

Mith whic'h foms occ\lrred h\it. due té the limits :meosed \7y

“the 15 second interval durations, do; not allow -an asnensment

of ba\ltinq ‘tendencies. -

By ‘1 Goking Qe v ’» ions* (deﬂned 5 sed (of oneor o

cu‘zrence of: s

. nmi\ba: of " fomms: ana in“ ms pa; !aasion for aa - common+. " i

category recorded in’the Polnt au ‘Gaul’ sangie. Fron these

histograms a basic Psaassment ‘Of. temporar clu!eerzng of -the

ifferent fum classes r:an be made: . Both 45 and‘ en* foms’

never ‘decurred amgly w}ule 38 and 40 £oms occus.Ld slngly
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FORM FREQUENCY PER 15 SECOND INTERVAL | °
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observed one dessi0n of 33 inten@ls diratioh (8 | mlnutes) 5

vl L conusted u£*245 rapetlticns of 3A foms.' In cortrast to

g theue,h 1B s 6¢ forms always occurred smqu ércept for- one : 2

bout...of 5 repitltiona over 3 intervals for 1B, and one bout

e
of 5 repecitiens s oyer ) intetvau £ 3 6C.. Mpst form r.ypea

occu:red both singly-and in bouts, ' \’ 5 ¥
/, i E .

Dii.uences among the, - fogns | n  the dxstnbutions “of
)

nterva 1s:.per. gession and number per eeulon da ‘net xeen\ to.

‘be smplyJunccmns of “their qvetall frequencies * Sone

o Siivas higher tendency to.occur in ‘mucs t‘nan ;

: fomn »see

 otners. ' statistu:al analyus of the : als«-.nmuong -s'hwn o

cf Wit'l’u.n or between indivldual vlnab lity. g '- b

(2) Killer W nolse playback\ i pilot Whales' had,

transited ‘past the boat sn a ‘tight. group. Duting the

; pre-plnyback period K5 group was appx‘cximately 7o m -away..

i, : with soma animals moving toward the boav_ again. Dunng the

Eirst 30 8 of t‘he k111er whale broadcast, Surface a'ctivity

‘increased  and by * the end OF - the. 60°s playback "the whole

group had turned and wag heaiihg ‘tovazd’ the’ boat . “During

‘the’“noise broadcast, ‘the'.whales  turhed - btk to “their.

z ", .. original heading. ‘The pod con nied “161ing until 'the . ‘end

of the post’ playback perind. One spyhap (Vertlcal raiaing




5
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recorded - before and after: the playback “were t‘hat lC, ﬁGr

the boat and 10udspeakel‘

has

" that acouting behavior is gypuu of ‘dominant individuals

. involved ‘were, not noted to”

were 1611ing. White—sided dolph.lns were also '1nv t‘he area

during the playback;(one wasi observed o leap ccmpletely ot

uf the water s'hortly after- the, ncise ended).

: Vocally, the'only apparent differerices in tha phonuticnn

4c”

dheF forms. only ocurred after the piaypack (-rabxa 3).

The';median number-of p’hunat ons per 15,5 Interval increased

5= I5). mfter the , -

fkom 7 gmge Z 100 to 9. ehnge
playhack. iy o o 3 T
(:) : Killer w‘hale playback . (Trial - 1) Dnr:.ng t}ie

Pre—plnyback pemud, o ithe. group af appraxlma‘teiy 25 pilot

whales travelled to a position a‘bout 100 - Lso n away fx:um

the " boat. . During ° the playback. no

change -in. the' pods
- béhavior was observed. 5

or foulr w'hales suzfaced less than 50 m. away frcm, ‘and facing

This type be uoutin

bahavx or

aLso ‘been reforted by M.,Caldwell and Caldwell (1964),

Svans and Dreher (xesz), and Morgan 1(1979), fox other’,

d;1pmnm species: Hepmah and favoia (1980) have ‘suggested

mezarchm soelal group., in this irstane; ‘the animaly: %

Have | been:':ljrger  animals’ as

reported :by Morgan (1979)-

As soon as che.phybaek ended, ‘three - .




i
Table 3. Frequency.of comdon forns. per 158 }ntervu\:ecorded befér

;/and after- the hro.ldcast of Killer whale phomations and notse (sample”.
2). il

‘.

Gomion, . . 15'sscond interval -
‘_Gode 3221 PB'T 2 3°
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o
pre-‘and post-playback  intervals. After the 2.5 minute
post-playback period, more animals were observed within 50 -

60 m of the boat. ) .
G %

Phona:mns reco:ded after thé pLayback were prim?rily of
‘types 6B and 2, reither of which were recorded prior to, the
bxcadcast ('J:uble 4): " There. was ‘also an- 1ncranse in the .
number of 4 ﬂ:ms recorded after the playback. ’l‘he median

‘number of phunatians per, 15 interval. ncr aseld from 1

(range 0.~ 6) to' 10 (¢angs 1 - 19) after tﬁe broadcast.
Some . ihcrease in the et of mcozdea phonatxons might
have been ex;;ecta_i to result from the . movement - and
eri;ntat‘:lo'n“of some anindls ‘toward the -boat. . '

(4) Killer whale playback (Trial #2) ‘Before the broadcasts
the same pod of whales moved toward the poat to a position '
about “100 ‘m away, from a position 200, m away, and started
1611ingi .No observable change in maiavior ccurrad-Fung b
the playl}ack or pl;st-playbéck per;éda.
".There was ‘no obvious vocal, resctidn .to the playback.
4Some" forms, 2A jand 4B, vere only recordedafter the playback

bur.'ngt until after .45 and 30 s :espectively (Table . 5)

‘Median vocal rates before’ and after the playback were 3.5.
i(range 6 - 113) and 4.5 (range 2,- 9) ‘phonatiops per. l5its

lnterval ex.-eapecuvely .
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 Freqhaky ofzeimabn Forus yar-15 5 Tuterval‘cesordet before

and after the ‘broadcast ‘of .killer: whale phonations (sample 3).

, - Comon " I .: 15 second mmvu ot .
.'Oodemsa76,5l»:z PR 1°2 3°h 5.6-778 910
"_3A 31 1. 1 12
B2 201 -1 13 4
4 M1 2 2 3 310 3.5 3
6D 401 ) °
36 2 1 .
4 . 676 7.2 2
68 . J3 hb 311 200
2 s, 2
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. Fréquency'of.consion fords. pet (15 s Lnterval’ récosied Before
3 und atear the - pxayb-ck of killer whale phonutlena (sample &) -

"% "% Commén . =7, 15 secm_lrl interval "' .
Code  10°9°8 7. 6 5 4 3 2°1.PB°1 23 4 5678 910
B3 1.1 5°9 6 11 1
i 3 6 41
4c 2. 3" 4
6D 1 SRR % T & 1.1
1A 1 .
68 1, s ¥
; 24
48 ‘ ‘ "
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(5) Noise .playback. A different group. of whalés

(i.e. spatially separate) moved. past the boat, within

approximately 50 m of \ the loudspeaker. As they ~passed {

nearest the boat; the

noise was broadcast. During the .

L playback, no: observable chahges in the direction or the rate

at which the animals weére trakelling' was. noticed.’ There. was

‘ho’observable reacti

‘Vocally, 4B forms accounted for 628 of all vocalizations

after 'the ‘ﬁléyback. yet - these phonations had not: been

-recorded priar to ‘the bBroadcast '(Tame 6). The median
number. of phonations per interval was “Arange 3 - 13)

before and 7 (range-3 - 15) after ‘the playback.

(6) ' Constant tone pxaybacii‘. “Several groups of whales: weie
hedr the boat.during the 'pre-playback period. - The.. group
. closest to the loudspeaker was about 100 m away: " During ‘the
ol : Playback, some of these animals Griented towards the imac'~ o

»but dia not approac'h unm.]. after the bz'ondcast had ende

During the poat-play‘back petiod, some lungihg was. observed‘

for approximately: 15.- 30 s. 'The pteaence and behavior, of

large numbers ~of gulls:  indicated::that :the whales were

probably - feéeding at that'time.. The animals then moved away . ° - @ ?
g

near ‘the end of ‘the post-playback period.

"No vocal reaction-to che;gl_ag.ack wag apparent aithonq‘kx/

form'type 2A ‘only occurred after the playback. (Table .7)%




« o000 rdble 6. Frequency ‘of. common ‘forms. per 15
e 7. ‘and.after the broadcast of noise|(sample 5).

N

oW

-
G NS




ommon “fotms’ per: 15
‘ter the:broadcast of




(7). Variable toné playback.  Several qmups"a'f pilot whales,

r L% . totalling’ about 200 anlmals, were in the area’ during ‘this

. sample.. ope' group of st 30 an1mals, ccmpoaea -‘bf’

[z 525 3 pr‘oportion‘ally ‘more laxge " animals than were usually i

Ay observed, travelled toward the . boat ‘and were. 1ouing on all

z':mq the p:e—playbac}( “period: - Just a;

"'che w‘nBLes began moving away from the hoat at a distance of - 7
[ T Appreximately ©40 ‘m," ‘the p1ayback began. ' ALl . animals: . o
submerged during the' playbac‘k and d4ia  not resurface  until

| L T halE wuy t‘hraugh tre’ po!t-playback period. " By .the end of

‘ s SR g _the playback, more g;oups “Were heading’./in -the' geméral. ' i

“direction “of ' thé boat and the original group was again'on

“'all ‘sides of the boat, ‘At that timé these anirials wefe 'mot

ypes of .

vocalizi g (table e) ‘The “only - change . in the

~vocallzat10ns was the presence of 4R form shortly ‘after - thi
playbaek. These phonatxons were. . not recorded dur:.ng the .
i “péseplaybadk period. The median number’, of phonauuns per,

1ntex:val wasi9. (range 0 25) before and’ 4.5 (zdings 3 19) 2

“ e after the playhack. i g sl )

" After ttie poé‘t piaynack peﬂca, the:

viere ‘an estimated

/100 - pilot whales' within a'70.m ;adius of | “the boat, yét nd i

s0Unds’ were recorded. . Two iinutes and.30 &conds after  the







Ll e

post-playback period, ‘a second 60 = - variable téne was -

e b:o’adcaec to. theé. whales that had by that. time

distance of approxlmately 100"

post—playback penod, the'whales . -agaia approach d €

.’to within“40 o then’

tdpp.osite dl.rarztuon 2

réd after the j eco d“‘p‘layback :

(n-ﬂ).ﬂ 3p” (8=2), 48 (% a) and 3;\ e -

(s) Stranded 1ndiv1dual “These fecotdings were made . on "14

| duly 1979. approxxmately 8 hours after the mass strandifig of .

135; Pllot whales ‘at’ ‘Pol.nt au, Gaul. Of ‘these ammls —unly

Ewo were vocalizing by this. time alchcugh ct'hers were said’

o' have : been vocanzmg on_ t‘he _beach

" vocAlizaELons OF ‘tse : stranded indlviduals may. e been 4

*néxt tc\ each ot‘hex’ “on the beach Béth wer' part: o

refl ated t‘namselves und/ot Yeen '

. of . 28 an!.mls Fhat ;h

eaich ‘it Game ‘ashore . about '0:5
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original atrand:mq location. = Oné of .these |

ng). vocalized very rarely Bnd only _four

y“Eaint. phonations. vere recorded from £Ris: ‘animali. .Two v

of these were ‘too 'fal int'for classification ile ‘one sounded:

“Tike a 3Aifor

‘similar to-3A/831) -and  another was: very

sinila¥ to the -35/‘83'2‘\ forris.

:221_ 1ong)‘

5 'l'he other vocal imuvmuax '('ﬁem #19

vocalizEA" £air1y frdquently;.

“Ch antes (medlan‘ ‘onsét-onset interval

A ':er—qu’arube range | 3 90 4 . 25.6)

these vo-:auzauons were nuuauy coded as one type (832). 71 . -
andiipig ebims “‘were ]of a smuar cutegory (833). Eléven

‘other lnl.t).al Eorm catégorles were reccrded cmce or t.wice O

Ehese @brms were recoded usmg

I‘.'hl.s sal!\ple (Tabl.e 5) Hhe

comron code ca:eganes,\the two  rost frequent Fopr- types

ii
: Parts of. this recozdmb ('rape PaG-’M) were bruaﬂcast to

vminute sec:mnf of '-tape 'PaG—’N, cuncaumq four 3

33/532 phonauons. was‘played ‘pack. £ the same &nima; 'h«ac

erlgina].ly produced, ﬁhev vucalization! (Le, ‘animal - #19

T'he recording of the playba:ks ‘and aninal 9 5 vocauiitions L

'during and’ hetween playback trials (Tape PaG-TA).




I :
- PR . e
; .

9. 'Frequency -
stranded aninal

of form catéegories recorded
(sample:8). - .-, 1 %




: sequence.

.codable phonatinns (plus, ‘the 15 p[ayback phonati Lons) over a

110

fizst 12 mmutes of PaG 4 to, L8

faciliatory

indx:;ggdual (p' 0 0001, Mann—whitney u tast)

9\-

éﬁ[ﬁjaddltion ok

s vocalizatioﬂs increased’ 1 fr&n 42

effect e

not randomly

Lthe

in shorter 'b'e‘c\'w'een event

the: vocaliza o"‘

inter'va 15

supen.mpused o

itervals

between the <6 sets 2

rate

*guration ‘of 12.2,minutes (median = 3.05 inter-quartile Tange:

in .’ €hel

in l;he First 12 minutes’ of

~Pac-'m, the playback of'25 phonaf.lons had- an ‘obvious general -

of . thisg"

'g’ene:al effect,‘ most o‘ eﬁa'p’lay ack, -




Seventy- four of the vocalizatlens recoréled during - the .

playback . sample -were- 832 some. Ninet.y-four (55*) of the -

170 phanatlnns were coded as cnmmon form cateqory 3B. 'x}'he

secend most frequent form type 1n-'this ‘sanple waa 1c/s15,

Of the’ vocallzations immediately fol].owan thﬁ 15 35/832

'playbacks, t."hi:teen vere 3?/8{!2 qu‘ma while gne was a ,35/3,3‘1

form: and one’a 3A/831 form. Using the percent frequency of

" 832 fnrms ﬂuring the playback ttial_

randm\ly “selecting 113 or mori 38/832 vocalizations in 15

“trials-can be calcumted to be p 2.0 0003 (p

test’ for matched pairs). iThe’ broadcaat seéms« to have

stimilated the animal to emit acousticnlly simiiar '3B/832

‘vocal slgnals to th playba X sci i

au’ Gaul,

| After’the initial mass: stranding at Eoint

0£ thése, ™ 65
The Point au‘

of

abaut 30

he p‘robabilitf\ GE "

"animns—,' 287




gl o o

- siidtvinials, " gome wlt'h rope’ around ‘their tail flukes frem. = 1

hemg towed "off the beach earlxer. T'hxs evidence: strongly

augge!ts that Lhe stranded mdividual ‘(samp!.e B) Was et

mefbér’:

f et large’ 'herd as’ fhe pod rsco:ded ‘in'Sample
% .

5 ’initial fcrm Categoties (915, 531 834, 939, 514 858,

P e

aentical, are similar to. thé:sample 1°3B'forms 4nd. eAWibit

the . same ‘variations..

. the playback was’ dlffe:ent from alL samplé

es/e§ H 66/864, es/ess, es/ese. sc/ss7, aE/aso._ /880, {.,‘

and 5 p'honatlcns. all racordsd wx.thxn




vocalizations) was: used,

Cuhistles® (p. 367).
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Qim}aritiee. 'That samples 3 and. 4 aré, similar is not
surprising s they were recorded from the same pod and the
same broadcast Stinuli was used. Samle 5, however, was
recorded from a different group, that’waa less than 1 km away
and was héading in the same direction as’ the sample 3 and 4
pod. "l'he greater. smilarn:y betwetn the phcnahcms from
these';two, groups: squests that they nay have: both been part
of “a “larger hera that had dispersed £o feed; as has been

observed £ot patitic pxlob whales (Brwn & Norrji Lsss) and

:other herds of p’lot whales in’ che same’ bay Gf NeWfoundland

(Sergeant, 19625 and persqnal Obse:vatlons).r P e W

Pre and post=playback-samples were compared on the basis

‘of: 1) percent sxmple versus® complex phonations, z) percent
By Taruskils (1976) categories (level, falling, rising,

‘up—doun, down-ug; and mult:t'hump contours), ©3) percent by

common ~ form- qateqorx,es. and’ 4)- percent with rising, faumg

or ‘level’ frequency ttacksv

The most gpp,ropxiar_e sanples ‘for comparison of playback

‘eéffects were 3 and 4.as these were recorded from the same

animais . and; the. ‘same. playback’ stimilus (killer = whale
.

-on ch'e basis of Taruski's (1976) ftnding that - "high

»xrqusal was agsociated 'With a high prcypuruon of complex

the ' common ‘categories were collapsed




Soi
into the same simple (level, falling and rising) and complex
(up-down, down-up, 2nd multizhump) whistle categories used _
by Taruski (Figure 23). In both the killer whale playbacks
to the same pod, (samples 3 and 4) the percent simple
whistles decreased by at least two-thirds Aaft!!‘ the

broadcast.

To determine i this consistency could be related t
of the" six componlnt Taruski- (1976) uutagorhs, ["F%'m
codes were couapsed again (Figure 24). Each 'Of the six
categories showed the same trends after the two killer vhiale
Dbrosdcasts '(i.8. categories 17 and 3 decreased; and

categories 2, 4 and 6 increased after the killer whale

broadcasts while no category 5 forms were ‘recorded before or

after t_hethoadcnt in either trial).

In an attempt to relate these trends to the common
dategory codes developed indepenténtly of Taiuski (1976);
the samples were compared on the basis of the percent of the
total number of phonations astributable to each of the
common “.codes. ‘In both the killer whale playback s;mples to
the same pod, 1B forms decreased in relative frequency (from
258 to 9% and 498 to 78) as 4id 3 forns (108 to 1% and 278
o 03) while ‘the 2A. forms. were “only I T T
broadcasts (0% to 73 ‘and 0% to 93) .and thewic forms

increased in relative frequency. (0% £o'29% .and 108 to -43%).
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b Pigure . 23. Percent simple (open) and complex (hatched)
: phonations recorded before and after each of the seven
playbacks to pods at sea. - : s
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“aKiller Whale -

S 3 Killeh Wnale

-+ 2 Killer Whale”

“&:Noise
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1. Variabe
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‘before (open) ami;

(‘natehed) broadcasts to podp at sea Of the.  seven

. playback stimuli. Fhonations divided intn 'raruaki‘ o ey
(1976) categories..” - : i B
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PERCENT.

T hnahll Tone:
FORM QATEGORY
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Sampla 2 (killer whale-nnue playback recorded lD days prior
to samples! 3 and 4 “aiso exhibited a decreade in 3c forms

(from 108 to 58) and an-increase in ‘2A (fmm 1% to'3%) .‘and

" de gorms (from 0% to.9%). In this'case, hdvever, 18 forns

' :.ncreased from 9! +o 19% aftex: t'he broadcast " (aee Table 10).

T‘he consletent hanges in thé. phcnationa vafﬁer ":he

T bxoadcast Of killer: whale

onatiohs “to! pilot whales were

%% " 'y result of “the’ chapqes in the relatxve frequencieso the

Chariges in: tn

15’, ,éc,, 23" and. - 4C:

raxanve frequenciee of f.ha “girst” fpur vTatueki (1976)

categon.es ate consishent with changes in’ ‘the': component.

céninon. - ‘code': * £b%H 5 changes in f:he‘le‘}el frequency. forms:

..(canegory 1) . ‘were tof.ally die’ to  changes:. An. 1B form

frequencies and c‘hanges in ranmg £reguéncy Eor‘na (cateqcry

2) were. totally aue to'changés in'the, frequency of 2R Forms

Decreas).ng Frequency fotms © (category - 3)" decreaseﬂ “in

irequanmj in’ both’ samples 3 \and 4°due. to, decreases in Tthe

7 W relative -,frequency of 3t forms, “this rlec:ease being .

augmented in: sample 3 by decreaaes in r.he frequency of 3.

* Up- dwn foms




" Table

100

"Comman

*_form: code. frequencies as. percent of total

phonations recorded: before ‘(B) and after () ‘the playbacks

to
Pods at sea (Bamples 2:to 7). gy

" sample Numbet

i
> o

ES

S -
pEFawRun

o

wrw

o]

e et




Sgak v
killér whale sounds was accountable by the increase 'in the
frequency of 4C (complex) .forms and thé decrease in the
~.\\f£eq4yency of 1B (sinple) and s {etnp1e) forms, unich “in

‘oth samples 3'and 4. was qreater than the 1ncreases in the -

£xequencies’ of 22 (simple) forms.

‘\m cumpatison [of ‘pre-, ‘and pcst-playback"phoppti

recorded in. s,amplgr

‘1ncrease

sanglés 3 and 4" gorm, categotles and 3’ gecreased, in'. il

:relative’ fxeqnency but!inlike the kilie

£ whald bléybacks; “so

‘d:ui category 6. 'l'he _increage in complex whistles afr.er the .

ncLse playback was almoet entlrely due’t a sharp increase.

in car_eqory 4. Earms (0% before. ze after) The 1n ease i

" type £ Forms was” complftely due-to’an increase m 45 forms,

(0% to.628). In t‘his sample 40 forms: were not present

‘i4n " form décreasad irom 18!'1’.0 '§8.". Ad observed.aftef thé'-

killer . whale broadeasts: {samples 3. .and4), 18 ' forns

decreased “(17% to 3%).a8:did 3¢ forns (20: £o:38): after: the

noise playback: - xn\;é{nple 6 (cqnstant tene Playback)

in - vodalization ' was ,obg,ervea sxcept foi al s

slight ‘increase’in 3A,.":3B,." and -3D _forms. .pample 7

“(variable’ tar';e playback) cateqcry 6 fcrms (SD, 6F, 61, and :

6H ware not hear after Ehe bruadcast., i

;The}mpqral»c‘iuatenng of p‘hanations " ‘and - the’ rapid




and. 4c forms Ascer the - two Killer whale playbacxs miay ha Ve

'diffgrent récording .samples:

‘between.forii categbries 2K 'and ' 4B (r=0.6i8, il

2100~
changes in“the type and number of phonations recorded in

sample 1 suggests that -some Of the .pre/post - playback

differencés in phonations could be sirply due to the' 60 s

_‘bréak. in -the samples during the broadcast of the playback

stimullv @ ] S

The ‘/Consistent changes" in relat&ve ftequency of 15, _3c,

broadcast, ‘hwe‘/er,

Very iittle similarity is observed among the dendograris ©

ahawing clusterxng .of the ‘comnon categories for *thé

I ‘sample 1, ‘the highest temporal ‘assdeiation was

Components- of these. categories, 126 . and 143 Forigs were

élu'stered

sinq the orlgxnal orm Godes.. with iy similarity

1ndexof0953. Sk e : LTl

same qmup of. whalés (aan\ples 3 and 4) vas conpared, no

of noiss.to | another:

e 25).

Even w‘hen the two killer whale Playbaick samples’ 'to .the
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- bout:
INTERVAL, 127"

_FORM'186 2
- FORM'166" "1

INTBRVAL 79
{FOR¥'166" 5

~ When clustering wa

before . and after the

N -102-

ai

7_ aone on m. phomuons ‘Tecorded

oblerved within Iomo samp les 'but lgain there'w

clustering wh-nr

thl ba fm'a

“no’ similar

lﬂlten vox—e cnpa:ed among smmles.

clma £0'166. forlll.

FORM 169 ¥

Teémporal nxadon_ume-

ulually at_ the ﬂtartvox"

or atter i




51m11ar1y in sample 130 (K

shorter 36 5 fobma :
bod 4
INTERVAL

FORM 361
' FORM 362

INTERVAL
FORM 561
FORM 562

(FORK 563

occun’ed somet;lue durlng the bou:. s t‘np playback st,aned

before a 15 second bour_ occurmd w;thaur. a 6B form,

xt is

not knwn 1E the: bo\.lt continueﬂ thrmgh the playbacx until

L poat—playbnck interval

'_ocqutxjed a the-start of ‘enie

s quence.
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J'.u the other unple with €8 faz—. ‘sample 4, ‘there’ was
; 4:, there

only one variation present (462).

ot Ly -m these u-pxes. recorﬂed fmm MSM‘. Bods ot

have hn: - or

\male . it amean that these tom (GB) u

three vex‘sionl “The 5'hortez' vetsim occur at f_he 4staft of

some ; bouts’ and cccauxonal].y at ha end of a bout whua the

1onger. xp&n complex. variants occur |, au¥ ng." the mi_drlle ‘of‘

= fcrms, ‘the 133 fo:m is pr'aerveda

n 1ntermgdinta form ls prusent in the - uocond bcug (4

ssion-

5 ¢ ,‘i fcm, Fighre 14-A, s 53) but not in the Eirst

(nguu 14-5, p. 53).

* 1 fori - Pigue  110x (p. 49) shows the way in which 4K | .

and -mur and 55/166 fcm occurred- ln a

Gence. . The . ?

diate.in’

% r,typicai--' Tover £requenvy 187 £orms" thnt occuxud later inm,

Ah et the sequencu. - . s

;,45"50‘:1"\5 4 -mg’u‘ré 11’—a (p. 43) shows the '’

equence” " of | 4B, vomn‘ as they nccurnd aftar ‘the ncnnﬂ X

“Variable tone broadcast.- Three va r*-H s are p:esent i
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this sequence. All three occir simultaneously at the start
of ‘the sequence, indicating that they i produced by three
aifferent individuals. With the exception of ithe first form
coded ‘747  in -the. final sequence of 747 ‘f.orms, the three
categories  are  very .dfstinct. Whe 748 ana” 742 forms -
bédarzed et fairly regulat - intervals’ and ‘vere -perhaps

simuitaneons ‘noncé' by two individuals. | .

The . overall slmilntitxes amorig’the t‘ntee categoriea ami

t‘hexr ocdurrence in ‘the samé Lnterval _and pTobably the . same "

contex\:, uuégescs that | v_'he'y are’ \'_he same ' basic slgqu

(i.e.,, hayé the sane’ selwantl.c value to the whales) The

laat series cf 749 forms Ehc’ﬂs a tnpet;,nq off" of this ‘form‘

at the end of the bout. S

Figure 26-A shows: a series ~of 4B/542 forms. . Each
. xépetition ~is “slightly aifferent "chan the.adjacent ones.
Differences: fnclude theé lextent of the freqnency sweep, ; and

€he "smnothness“ of the ‘form. ' In this dasd,: the initial and

terminal. frequenciés as well as the’ durationswere 'guite..

constant:,

mgure 26-B shawls a Bequsnce of 38/792 forms. Aga).n no
two " sounds ' ‘are. exactly alike., The .€1rst in’ the serles has

mnre E:equency modulation than the succesuve repentmns.

-'n;_e finu 792, form. .in. this aeusion was: the cnly "double
.

'whistle". G B R s s
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Pigure 26. Sequentfal repetitions of 45/542 forms (A) and -

3B/792 forms ().




-106a-

L

sy v.‘hr . . i vm“hcda__ﬂw ‘_ e Y
) ) - “,..I /./\f v\v
e L e
V e [ . i \\\\
. A . SR \\\\\\
: : W \\\“.v\\_h
s \\\\\\\\
s \\\\\\\ s .|\“\Hm\Ju—v
i
o ok N o0 &

0
1
Seconds
S 20
16

:

\

|
1

NN



X -107-*

Some bouts were locked at in'more detail by plotting the
different categories of signal events along a time dimension
(Figure 27)." Figure 27 .shows _the actual temporal:
arrangements 'of several common category bouts. It was felt
that +4hese graphs :might indicate if v‘arian‘ts wit‘nin ;
categories. were produced by 2 single an:unal of 'twoor more
animals. If- vanauons -were mutually replaceable i

_sequences (i, 6., there was a regular patt:tn of- Fepetitions

when all variations, vhere taken togéther) . it could: be argued
. that they were emnéed by a single anunal (or,an antlp‘hnnal
duet). Alcernanvely. p va;iauona exhibiting. regular
indépendent . repetition rates . could.-be considered to have

.. emanated from more than one individual (see Figure 27)a

None of the .bouts .plotted exhibit wvery regular
repetition rates either when the 'variants are -considered
séparately or: together. - The 3B, 5B, .and 4B bouts; all

linvolving only a single * variation, - illustrate = the
] a i

irregularity . of . interval lengths between. repetitions:
Rathier’ than .occirring ' at regular intervals, 3B/132 and
*4B/143 - forms . 'seen tn;.fal.low Mburst pab‘ternﬂ" in which
repetitlon rates peak and then fan -off. The 513/154. forms

: do not. ccnfem to this-pattern.

Within the multiivariant citegories; theré also seem to

be some bursts: - The 4. forms ' show, very . tight clusters,




Figire 27. = Sequentisl repetitions of evaral chinmon dirm?
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categorig (from . sample 1) .. showing tHe . temporal
relationships, among - the component. ‘form ~class(es).
Vertical bars indicate the time of each' occurrencé - for

the “form class identified’ on the'left (all forms'are:
treated as though they had a duration of one bar width).~.
Idealized ~ schemata < .of mutually reéplaceable ‘. and.
‘xndependently bouted.. variante.:is’ represénted’’oh "the

righ
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‘however, it is imposal‘ble to deternipe how many individuals
* were involved in producing these sounds.
# i -

The 6A. forms' show some bursting when considered toget‘her" .

3E fotms seem to imply” shj.ft frcm one form to

-169), rgthe; than 1ncr=a51ng repetitior:
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3 ‘
\ - Discussion .

RaEttoiru size —

From his review of -:uaies of thé signal repertoires for

\ﬂlson (1972) concludes thut 'even t'ha most:

3 various specié

mgh;y 5 sncial brnteg rarely have more. than

re artcire (p 56

EARON AR -epa:a:e diaplay- in their

(1977) ha

underes Lmate f.h - actual 8 ‘rapertoires

ptpbabl %

unng 2 al

pomnng out’ that cbjaotxvelx defirﬂing

upe toire 1:

aifeicule 1£'n0¢ impossiblet (5L 26315 -

2. . 4. ‘ Efforts to estimate me‘whisn.e répertoires. ‘of mau'

numbers - of _captive and: vxlﬂ delphinids have resulted “in

lpedes e!ti.llatau of ftm 5 23 di.f!:rnnt contour

- .tinés producing *widely’ varying resilts hetveen 2nd even’

iwithin species” (Herman & Tavolsa, 1980, - 174, Studxea :

oﬁ soundl tacwrd.d ftan short enconncen wlth -ani.ulal! a!: sea’

oy arenot likexy to *include -the :uu corplement - of the

upecies' Vocal zepertoite (watkin 19;4). Busnel (1977)

17 were

pods. ' “Only . one
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category’ (2a) was found in all seven group samples. = Twenty

common, gode" categories were ‘cbtained  from-one sample of 1410

p'henacions' (Point au Gaul, sampie 1) while 12 were recorded

'hathre'- of. pigui—e %2 indicates .

3 thae. éver “with.an’ increased aample size most, ‘i not all; of’

the. sounds’ producéd 5 t'h & one group of pilet whi les (Point

,uau Gaul; sample 1) would € into th"exi g’ cammon dodlny

i schene, mak:.ng it ‘complete

. The nimber ‘of abridged’ code ‘categories’‘was stili

‘increading at 42 after 1406, 56 nds were coded, as’ was ‘the

number” of or!ginal, initlal ode categntiea at 65, ‘after. 1410

phcnations were ccded. Includinq the playback , samples

i o i recorded from Ewe athe pods, the -total. number oﬁ dxffexent

G Stk ‘signale mczeases 8 about 25,60 ahd 120" for t e Sommon +

abrldged and 'm:u‘ coding ‘methods respectively

S, adaitio to 1ump1ng and splitcing decisiona, there ..

| are mq pntentxal met'hodclogical causes “for unde; r or over.’

‘estimating a . species repertoire size " when’ cateqcrizan

LN T i‘aiﬁmai'signu ‘primarily Son lhe ‘basis uf i Analisis ot

their acouscxa pmpexuea. Thg use of . very. _dxscrimlnatxng.

tec‘hniques can. . show -‘signific’ax; aifférences -bétween

signale Cut aba Saentical bor. the’ . recsiving anlmdt. Ak




anima }s .

: before such a position

3 perceptnal mechamsm.

A cun\ponent fom classes might be "subtle" variations ‘of

b ﬂgnaii'nq anima £ 1dehtity, h') were” ignored 'hy

(ive:, have aifferént '
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-Green and Marler (1979). state:

Every signal can vary along  the dimeénsions that
physically ‘describé . it. - Variations  in .some,
however, may fail to be perceived.: Thus, not every
bit Of the signal-pattern information theoretically
ayailable is necessarily assessed or utilized by the
receiver.  (pp. 92:93)..°

In- poohng dintingnishable fnmé into thgfcommon form

cateqories. it'Tyas | felt | that -tne aiffe:‘ences Cin

a);

lniormation about the..

. There ‘also ekists the .danger of ‘ignoring physical

dimensions” ‘that. are. utilized 'by - the 'receiving animals.

Given that-.the ‘Point .au. Gaul  phonations- were -initially

categorized  into:over 60 categories, it could be postulated

tHat these 'variations 'jare -in fact | alffezen:. signals  ~°

ieanings" - to ‘thé wha}.es) and". t‘he
repertSire of the.pilot whale would number:'well over':100

‘Uincluding the ‘other samples). What must be considered
!

u} taken” is ‘the ‘Tole  of .other

such ‘as acoustic propett). s (e.g.; amplitude

contours, hamonic stmcture, etc.),  production mechanism,

“and’ conééxt;«fn detérmining:whether

46" sounds” are the same or- dlfferent. Frequéncy, . contours::
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" that seem quite different may have very  similar amplitude

_‘contours. Alternatively, very similar frequency contours.

may have very different amplitude contours ' that. allow -the

*animals -to percei’ve' the . sounds as.discreté and iécezpreé

~thém. propérly (e: g., individual: charagteristics of amplituﬂe

varlations in gannet calls, Wh:\.te & White, 1970)

from “this coding method 1s hig‘hly inflated

sighal’ types

T‘neberqe “and Falls (1967) stater

Communlcation can take place - on’ ‘two- levels: -
universal and. individual. Communication that: is

. universal (occurn,ng within the species in general)
requires a symbolism-that is-the ‘same:thfoughout the
species’ . .. Commnication on-the individual:level
may occUr. Between animals. that . have - learhed.- to -
Tecognize. individual traits  in animals with which
they ara associaced-" (p.: 335).. -

" The abridged codes_ een’to reflect the naturul qrouplngs

of the 'Point: au Gaul sounds qune well but few scunas from

the playback aamples fiu these eategones. Although the.
observed heween pod variability 'cculd re‘aflectl diglact
difrerences, ofher possibie: explainati-on.s ‘have ‘ot Ml
fuled jout. It could be ‘that' the common - codes more closely.'

represent this species! "unxversal" commumcacmn a:.qnals-

Vanationa 1hiii}, these cacegcnes, per‘haps as represented

‘by. - the abridgad or initial form codes, ‘could enqode
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€ *.-." information abbut . the u.gnallinq “animal's identity ‘and
correspond to - nuances associated with communication at the.

;individual level". ‘As. the .recordings- analyzed. in  this

study are from different con {7 ing

of different acoustic liqnul:, and ‘stranaing), it is ‘also’

pulllble that the oburved dtffexences between pods were

'-sub;acuvaneg! es the gxhuﬁcauom can be asséssed.

‘Signal varfablify < oo 1o

‘mzee pou:.ble sources of variability exist _for " animal

signals.” These three ' types of vardation are: 1) -imin %

imﬁﬁﬂnax varistion 3 natwien:: individuals vntxatxmx 3)

between. groupl. or populations varlation..

o ’: Bvery miTtance o€ a given. ugnu by ‘an individual need
. Rot. be idpm:icul. ‘Phonations .from-an individual may exhibit

incnnsxc var;l.abiuty, txana&txonai vnrj.ability ( chanqu to:

T tion with rcpetitions), ontogenet variability and. ., .

with dcmimmcq cha es. vuinbiuty

o varxatiun auoci.\t

could aluo exht among lignuls f the urne type, emitted by

Lndividual undlr diffetant behavxo:nl. Lor lnvitm'mental B




:Intr:mslc va:iacion‘s hava 'been found in the phonations

Lxlly. 1963) o

Ca].dwell & Ca].dwell, 1é7;:

recorded From pods at sea.

- "Withi

n-a pod' of whales; xndividhals‘ phonauons might

s dlffer B 3 lof si '( rmation in’the. ugnals (op

cit). -social context differences, dlfferences : _1 " the.

animala age (caiave 1979) Sex ot dominance’;

[ ‘s catawell

class of ce mawmuaxs m;y' '_’uo undetlie 1ndividual<

variation. ' Sex ‘and soclal statu related iferences i

: .dblphin p'hu‘nacio'n

wolves:

the vo

pupa can’be discmquuhed (nem. 1979) © Gould. (1n press) 7







] v -
; s -
due to ind‘ividual signature whistle differences. In this
study, 61% of the vocalizations produced b; a stranded
- animal were of ‘one type that was similar to, but not

identical - to phonations recorded from other members of the . .

same ‘pod -at sea. *Ag_ -this’ stranded. individual émitted a

total of 2 dlstlngu)shqble p'honatlons repzesenung 12 of

the 25 total, .common colle: categorxes in ‘a 26 5. m1nute sample,

it | is “extremély -unlikely that. all of the 4 ffsrent forms

<
récorded  from ipods ' at: sed ‘wers emitted by different

inaiviauate:  Sithaturs vomalisStlons: maj-asecuat for wows

unknown: portion of the observed between pod differences but

not-all.

3 The differences observed in the vocalizatians, recorded

from different pods . could also be dialéctic variations.

Dialect differences in contour use by pods of killer whales

have ' been .reported - by Ford and. Ford (1981). Although '

- Tardeki ‘(1976) found ng }egional aifferences between samplésr
taken from two spemes of pilot whalés in the fréquency with
.vwluc'h his\ seven contour. cate_qories Qccurred,v fegional
varistion . and’ dialect differences could éxist vithin the
o ons 1t agos Leshe ‘used. . In tne recordings’ p};esentea N

..nere, " cohtestual di fFerences related to the playbacks would

beexpected to be limited to the post-playback’ recordings.
As comparisons of nnly pre—playbad( samples would show much s =
. Of. the. total signal viriance observed amchg these éamples,.




Caldwell, - 1972, 1979): "indicates. ‘that 'che"n;eéhéniém for .
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the existence of dialects is suggested. The small sample
sizes from these different pods and consequently the lack of
within pod variability measures makes it impossible to test

for the existence of dialects in this data.

The ability of bottlenbsed dolphins to'mimic (Caldwell &

dialect developient' exists ~ih ‘at least this -@elphind

species.. ¥ g : e i i

The common f£orm categories dévised exhibit considerabls’

internal variability. Some of the differences within

" categories seem to be gradations while other within category

- of inflections but could be classified as - similar on the'

variations are more di'screte.. In general, the more complex
phonations (iie. those with more frequency inflections and
longer durations) exhibited more -variability. ' Most forms

; )
with. more than three inflections were unigue (6G forms) or

were variants of forms that usually had “three. or fewer

inflections : (e.g., 4A/189,  5B/165, -6B/169). The one

category made up of 'similar forms with moré than . three

inflections = (6E) exhibited a lot of variation in’the’ number

basis of ~the ‘relatively small frequency range of. the

“component forms.” Twelve ‘types of signal variation were

observed - within , form :categories froma single pod. These

" - ‘ ®
-inclide variation 'in, or -the presence of: :truncation,
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abbreviation, melodic frequency increments,  pauses,
réversals, frequency, initial  inflection,” terminal

inflection, slope, double whistles, additional inflections,

and harmonics. Five variants of oné form . class were'

. récorded from .the.stranded  individual - (sample B). ‘' These'
variants [iare’ not, . therefore, -necessarily’ individial . |
‘.variations and fight encode”tontextual -information.

For'.a ' given 'species, the perceived differences among

‘signals with ditferent "

caniigs" should be ‘greater than’the

. perceived differences: amoung signal events with the same

ng (Marler, 1965). There is a tendency in studying
animel communication to draw megative corclusions EtnEaETLig
the linguistic capabilities of, hon-humans based on findings
of graded rather than discrete signals {(Lieberman, 1977).
Vocalizations ‘that are ‘acousticaily. graded.reed not e
perceived A_Q o . Discrete - perception " of acoustically
gradedTsignais! has been Eound. 5w ‘fuman spéech sounds (Eimas
& Corbit, 1973: Einds, Sigueland, dusczyk, & Vigorito,
1071). ‘Tnnate auditoly templates have been postulated ' for -
‘some. - sopghizd species (Marler,. 1970) but no evidence has
been found that such épéc_ia;{’z“;‘é sehsory mechanisms . are.

* operative, S50 % iatesorieal. Ual Fapedin;. " perbentich
(Studdert-Kennedy, '1981). " ‘Regardless’ 'of ' the .mébhgniam;:
Cinvolved, catalégs 'of. a species’ graded sighal repertoire

must be subjected to ' perceptual’ ‘expériments to -detériine
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théir discreteness as signalling units.

It is common for publications on cetacean vocalizations
to present'"representative" sonograms of categorized signals
(notable except.ions _are: é_us}nel. & Dziedzic, 1966; Lang &
Smith < was), implying . stereotyped, . dlscrete sxgnals.

Measi.zes of varia‘bllity are necessary for any compansons‘

between " individials between age/sex classes, betwean

groups;: betvieen' populatichs; - and betwe'en species. Such

comparisons are’ esseritial if we are r.o understand ‘the .£ull

s1gn1ficanca of communicative signals.

§_igna1 frequency

Schleidt (1973) points out that there are at least three.
possible  different functions for high repetition rates. for:
signals: (1) to jifke the ‘signal - nore conspicions’ (2)  to
exceed, et poiverine Hhe “channel, ‘and . (3) to dchieve a
cu’mth:ive effect over -time which builds up until sorie
cru:ical threshold is r‘eached in the rece"iver. 'I'he slqnals

> t'hat occur with'the highest frequenq' are expectsd to have a
"tonic" ‘effect and usually function in establishing soc:l.al
- rélations be('.ween communic§nts- Tor: to+ maintain such

relatxonships.

Whistling rates in delphinids are reported to increase

during stressful situations or when animals are excited.
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These . situations include being separated from familiar
individuals, utzandi‘ng or being injured (Herman & Tavolga,
1980). 'l'he Point au Gaul recorﬂiné context might therefore
be expécted to have .higher whistling rates than average.
The Point ‘au Gaul pod was estimated to be no larger than the
other pods sampled although ithe number of animals recorded
in each sample is not :sccurately’ known. The'*huiber. of

voeaizations  per interval . varied connlderably T ta,

non- normal. fashien (appeniais’ ©),in" part . abe to “the:
recording distance and direction. While ‘these fackors make

statistical comparisona unjustified, the average number of

phonations per. minute was slightly higher for the Point au

Gaul sample than-any of thé-others. Ady real difference in

the mean phonation  rate would propably. be due to the high

frequency of A forms ‘which .accdunted for ovér 50 of the

phonations recorded at Point au Gaul. . The high frequency of

these forms suggests thit -they may &Serve an analoqous §
- fanction to the contact calls of non-human pn.mates. .

Temporal clustering of phonations.

Bouting in délphinids has received little attention..,

Lilly (1}353) reported that calls were repeated many times

"until an appropnate response .was elicited (p. 116).
Pulsed Ssounds prcducad by narvhals have been found to' occur

with regul;r repetition rates (Ford & Fisher, 1978; Watkins,
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S;ﬁhevill, & Ray, 1971). Ford and Fisher (1978) were able to

identify 48 bouts of pulsed tones from their sample.

Repetition rates have been associated with quantitative
information (Msrler, 1965) posslbly 1ndicat1ng motivational-

3 ' .
chan'ge’aﬂ (Lemmon, 1977) h yariaticn- thhA successive

X repetitions ‘of .. sounds, ' as was observed with.some Bouts by

pllct whales, have been proposed to Function in. preventing

habituaticn " (Marler, -:1969), b(;o;: ‘may ' also “indicate .

bl

qualltatx.ve changes. Specifically, ~the preserice of . more

" complex variants (usually with extra terminal inflections)

s
withih'a sequence of phonations and simpler sariations (i.e.
fewer inflections) at the start and end Of sequences, as
found in this study, may indicate changing levels of arousal

and/or changing .signal- intensity. Taruski (1976) found a

* correlation between ccmplex-whisties and high' arousal. [ In

r.ms study complex whistles increased after the broadcast. of

killer whale phonauons (samp1e 3 and 4).

Different boutinq' tendencics do séeri o exist amohg . the
phonation categbries and some forms occutred in . burst

patterns (repetit;on rate ifcreased then tapered off). With®

| few . exceptions  in the present .study, - sounds. that' are

sometimes bouted :may also occur as “single.- events: The

aistinction betweéen single events. and slow bouts of between

two short bouts and.one- long bout ‘is, .however, - somewha
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arbitrary (Machlis, 1977). Analysis of bouting in the

vocalizations: of ‘pods of pilot whales is furthéer complicated *

by the uncertainty of whether one’ of ‘more ‘animils - are

. ‘emitting the phonations.

Withih samples, diffarent £oriis. were clustered together

mcucat:mg temporal association.

aaseuatwn between categories as found among samples.

Imgiicatians"for fuiture ggaear'ch s .

_‘"'rﬁe more - variable ‘the -reepbxise or' behavioral system

under investigation, the more careful one must obviously be N

in making generalizations" (Fentress, 1967, p. 339). With
respect to the present study, the high degree of wariability
©in the signals recorded ‘from . pilot ‘whalés makes it very

dlfflcult to ‘generalize to the" specl.es as.a whole:

that procedures .employ xn' utute field

vstuﬂles uf a delphx.m.ﬂ species vocanzauons ‘shoula ineinde
’ni:né sampllng proceedures r.ha‘t can detect boutmg of
vsigqalg‘ Variability of signals within and betinia groups
" of animals mist be documented. . fhe diEEsrences, foind . anong
.pods récorded in the same area indicate that taking smal or

i, AWBLaS from by Srops mi.gh'

result in an xnabxhty
Jto categcrizg the recorded p‘nonauons (as -found by Taruski,

1976) even when separaté categories of sounds exist within

however. . no censistent
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groups. . Analyzing sequences of signals provides important
information on temporal associations among signals, temporal

variability within signals, and evidence 'for ‘individuai

- .variability within signals. .

"' The ‘sources. of variability. in the vocalizationd recorded

th'is‘ study;, - must be

_det'em ned. Althou'tht study presents the largest salnpl.e

of . an' odontocete specles Vocal1zatxo ‘o, date,‘ in order to

demmme vhether these d).fferences are true. dialects 'even '

larger . samples from pods under natural- ‘conditions .are

nceded; - ‘By recqrding pods "for iong periods; within pod

' variability,” including . . contextual' variability, can e,

assessed. - Measurements of .between and within individual

. variability ~are also . essential. . .Analyzing sequential

Tépetitions of ‘phonations and  temporally . ‘associated

phonations: that ‘are acousucauy siniltar can give valuable

clues “to’, within J.ndo.vxdual . vanabxlxty cand between

indivi'auai vari. buny.' * More concrete measures Of between
and vithin inaividial varxabilxty are also needed, howevet,
and must cone From captive puot whale studies.
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A(A+s)(a+c)(n+b) (C+D)

| ‘where A number of attributes dommon to cases

s(x,‘p‘éu)

=133~ ;

Appendix A s

Cl\{fter analysis formulae
Similarity. coefficient formulai - ;- 2y

(AD.- BC) " (AD< BC):

nunber of attributes present in case
in case k|
2 number 'of attributes present in case k
in case i e : :

and ki *;
and absent

and ‘absent

= number ‘of attributes ‘absent in both cases i and k

Average linkage (unweighted pair. 'mupEmemod)

clusters:

Let P .and .Q be fused,

‘between any cluster R and Eriaey cluster (na) is’

#ron the bransformation:- .

B x S(KR) + 'NQ. %.8(R,Q)

(Npimg)

¢ upmo)

where NP and Nq are cluster ‘sizes ;

fusion of -

; then. the simnanty S(R, P+Q)

obtatried
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