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i nctive—behavior}, energetic coordinated behavior. thought to

Whales were studied l.n differant behavlorat and

envitonmen:al contexts to galn insight into “the’ Eunction and

biologigal algrilﬂc'ance of ‘different sound types.” Pilot »
whaxas in concepcson Bay, Nawinundland, were followed for a '~ ..
“pariod of a week;-night and day. Concurrent visual and

acoustic recordings were mada, and correlations were

examined between the different acoustic, behavioral.

"envitonmental yariables. Whistles were categorized into 7 - -

‘types 'based on the aural impréssion of the whistles' o Tt
contour. « : >

simple whistles (with no frequency inflections) were-

more comion than complex whistles (more than 2 frequency

1n£1actlons)kuhich were rare.——simp-te—vmst ére heard

whon whales were pilling, a restful bahavior type which ¥ -

- occurred over shallower watsr. In contrast, during surface

be ‘feeding, many sound types, especially complex whistles

and' pulsed sounds, increased in number. More clicking

(thought to function 'in echolocation) was also heard. =
Greater numbers of most whistle types were o s Doy

i
:
|
i
‘




more uubgroups were, present. During conditions of high wind

4
| speed and ‘wave height - (which produced much background
o &

| notsel, groups were larger and in tlghtr formation with fever.

surrounding aubgroup! present. : Whales moved in a less

unlfied manner whg}x tHe ‘gioup was laxger and scattered over
x ¥ i L4
a greater ‘ared. ' .

] It was concluded :hut in pilot whales, cemplexity of

- {suund and compxe&my of " behavicr (requiring a.high level of.

coordination) were related. Vocalizations were thought o’ i

f 5 %5 .
~ play anh’ integral part.in maintaining contact between group.

" members‘and coordinating movéments of the herd.
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CRAPTER.1 = INTRODUCTION '

DN

gain xnngh\m\o the

The purpose of this study’ was

B naaning .and _biological siqnificance b\f the vocalizations of

 the North.Atlantic pilot ‘Whale Globic ala mel: ena (Traill

1809) .. 'mu wag:dorie by studying. the'comaunicative act. in

different behaviotal “and environmental situations .na . [
Aexmlninq ralationships between sound typss and the contexts

in whxch they were produced. o L

B

. me North Athntic or long-finned pilot whals (knuwn in
Newfoundlnnd as 'pothaud") is a’ sexually dtmnrph’ic
odontcceta, with adul\'_ males reacl\-ni.ng ‘an averuge length of

5 7'm and adult femles. 3.4 :m (Sergeant 1962). “Pilot

" whales are’characterized by & thick and bulbgus forehead or
*relon* which is especiaily ptominem: in adult males. vNo

t di!tinct beak is pt ent. These whalss are almost Imifom]y

bluck, excspt for a ventral anchor

L 5

whlte (Leatnarwuod et ‘al. 1976).

in all oceans

Pilot whales (Genus Globiceghala é“cu

og the world except. the extreme ‘polat Aatais;

bstwsan thase limits is more of less continuoua ,ith

1ncreasing ahundance as’ one moves to veropxcal waters:

(,Leatharwoo" & Dahlheim 1978). There are two different ¥

specles cE Globiceghala; :hf sno:r_ rinnad puo: whal.e,

haped patch of grayish- .

D, sttlbu\:ion wt




)
inshore bays, the average herd seems to be a:ound 85

.

. the North Atlantic or long-finned pilot wiale, G. melaena,

tis dist:ibuced throughout the Mon,h« Atlantic, and also -

-_ occurs 1n the Southern Heml!phere ‘(Watson 1981).
t [

Pilot whales are generally thought to migrate . “to mghe:

1at1tudas in the summer (e +g. I:sa herwood: et ‘al. 1976). G.
. malaana usual.ly Eirst enter Newﬁoundland bays dyring mid-'

o July and moat are qone by. late October., (sergeant & Fisher |
\

19571,  Their, moverents: close].y ‘parallel thu\movermenta of

‘e

the shurt-ﬂnned squid Tilex illecébrosus Le Sueur (Mercer ;
1975), on, umch “they fead almost exclusively “hon in coastal |
vate:s (se:gunt & Pisher 1957). Pilot whales seem to ‘feed \
5 it groups, since the ‘degree of digestion~was the same in . &
members of che same herd examined after being driven ashore \
(sgrgum 1962). o ! : ' \ -
Thsse whales are oftan described as being among. the |
‘most qregazious of cetaceans (e.g, Watson 1981). Reitzler J;
7

(19%2) £a1t hat the tendency of pilot whales to: form well-

* integrdted §oclal groups was more highly develnped than in . - ‘ g
any. other dogpnin specle; he had observed. \Pilot whales in, v
Newfoundland may qecur in herds ‘of 200 or more, but in

kindivlduals (sargeant 1962). 'ﬂmesa numbers, hnwever, were

obtainad from animals driven ashora or. naturally sttanded.

‘Palagic herdu comprisa on average about 20 animals :(Sergeant

1962), althiough ms may be becausa the -number of whales

siqhtad at. any one tin\a is usually' an undorustimabo\of the.

PR AN i AR,



. - - 3
total. Faroese pilot, wha{srs, for instance, claim that the
nimber of pilot”whales seen above water is a small Eraction
of the actual herd 'size, onee” delvin ashore (s Moore, 'pers.
comm.). (It should probably be'noted here that authors
often use th. ahma:-heza- pod"' "ucheol", or uzmlp
A intatchangeably when referring to] pilct yhale aggregatians.
\" My'usage will be dofined in the Hothods saction’)r
\ “Female pilot whales mature »“ P )

A compared to ‘1l years for males, dnd ‘have a mortality rate ) i T

(- half that Of the.males (Sergeant 4962). . In a typical herd,-

. the average ratio of mature, males to. mature fomales ‘is”1:3

'(Setgeant 1962). This led s I eant (1962) to conclude that . >

\ ' the species must be polygynnus

Srd T
5 They are also quite long—lived (maximum ages '40-50 %

years' in males, 50-60 years in females (Sergeant 1962)).

H
This longevity is conducive to the development of the Rt K
Loa tntricate docial relationships(e.g." reciprocal altruism, | f
! Trivers :1971) which|Connor & Norris (1982) hypothesize for i »
/ " pilot. whales (among other deiphinids). Rasuyd & Marsh !
N o (1984) propose that matrilineal kin groups may exist inGu: . 5
-maczornznchuu off Japan.' They found that 25% of au mature \

males in the populauon studied were post-reproduccivs.

e

o(de: fen(ales lactate longer than younger ones, with some |

£ 54 nursing c

lves for up to 15 yeata after cha bizth of their

Jlast calf(Kasuya & Marsh 1984). Stifong soclul pnds may
% ¢ A B

. also explain, fn part,, why Globicephala ie the gehus-that B
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\

. echolocation (e

_

most EEaGUBRELY HAEE SEELHAS (Geraci & St. Aubin-1979)..
Norris & Dohl (1980b) hypothesize thnr. factors relating to
ths tight cohesion ‘of the school may ‘cause’ the whole' hexd to
s‘trand instead’of perhaps just a single diseased individual.
| ' The rich vocal repertoire of the pilot.whale may
r:ef-loct its highly ‘social nature. Wpis;:\;ing species 6f =
c‘;a‘t:a‘ce;ms‘ in q/el;sral areé large-school, communal. foraging

.s'pec!.es, as  opposed to the nonwhistlers, which are more

.sonta:y (Herman' & Tnvolga 1980), It has been 'suggas:ea

that the’ degres ‘of ‘complexity in the signal repertoire of an
animal is uften indlcutlve of the complexity of the social’

system .(Smith 1977). ’ e . .
v
3 Cetacean vocal emissions may be broadly aivided into
i

two categories: pure tone, narrow-band sounds (whistles’or

squaals) and sounds made Of pulses which are usually of "

froad spectral cmpoulcion\(caldwell & Caldwell 1977).

-ih-sa broad-band sounds, in turn, may be divided generaly .

intuy a) rnqulur tralns \of clicks emittéd in explornl:ory or

envlronmental search uitual:ions, which are usually thought

to function-in echolocation ("clicks"), and b) rapid bursts .
j A i :

of jpuldes often emitted in an. "emotional? “contekt (*pulsed
sounds®) (Caldwell & Caldwell 1977). These incllude sounds '
liké barks, yolps, aquauks, moans, .cracks; etcz !
i . Historically, At has besn aasumsd that doiphin whistles

Eunouon in’ socul communication, and pulsed ounds, in’

Scheviil & Lawrerte 1956)./ But since
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e et

P

(s in duration (Herman'& Tlvo].gl 19a0). They have been

| some pulsed sounds occur in social eonuxu, and because .
|some_social dolphln !pucins don't Ithi!tl! at all; vocal
cmunication in these species is thuught r.o occur through
Lhe use of pulsed uounds (Herman & Tavolga 1980). They have
been,nbservad to occur ln situations oiahm, ftlght. or
dXstxoss (Clld\nll & Caldwell 1967); during copulatory j
be}havlox (Tayolga & Essapian 1957) =5 ﬂuring cha;as and

agEnutlc encounmu (caldwell & Caldvoll 1?67). Pulsed

sounds are lnterutlng because they. huvo pHysical

ate between c;icks ‘and

hticu o i
..

whistles (b:o-v;-band, ver oiten show’ frequency moduuuon

like whistles). They are thought to be.clicks emitted at 2
very high Tepetition rates (e.g. Busnel & Dziedzic 1966) ,
but are perceived as quitu different ‘sounds by the hunan

ear. r

cstacean whistles are 'typi_cul'-y either unmodulated pure

tones or frpquency-modulated pure tones of the mid- to upper-

sonic range of 'E‘rpquoncy (5-15 kHz), ‘and of 0.5 to 2 secqnds
%
hypnthufud to be functional in the _coordination, -spacing,
and mvments of rapidly =wumxng individuals ‘during
communal -foraging (Herman s Tavolga 1980). Since some
dolphinu can p:odue- whutlu and cuckl llmultaneouuy
(I.u),y & num.- 1961), they may be able to use “whistles for
maintaining voca} comunlcatlon during food search by

i
-éholncgtion. (Herman & Tavolga 1980). Caldwell s Caldwell




. macrorhynchus range -E:oni—lz J(Hx.mf

(1965) found that whistles have individial -pecmci‘cy. L
in identifying herd manb.z'a or

vhich nay be of u
n-mbnng G‘llp.md animals. '!hoy call those ‘slgnatuu

whistles®. s

2 -y The zelatlonlhlp of a paﬂlcular whiatla tot- to a

certain anvltonm.ntul or 104:!.51 connxt has not yet been

cuncl:uulvnly d-monltratod. ﬂmve:, a few. generauntiona

can bc mnde. wh!.ltleu tend _to {ncrease in'rate under
axuited or atnsutul States’ Iike !sthnq or’ r.!;a anttcipatlon

“of it, rldina the bov wavs of a vesul, bexng aapuntad Erom }

'f-miuar individual:

meting another.. grgup of dolphlna, or

just in fu!.ly e 8 n‘t‘ 1e|pipq or r.nvounq 'lchool,a (Herman

& Tavolga 19!0). %
Rnuarch og pilot whale vocalinuona -:artod ln tne
1960"s. smmvlll’(lssl) desczibcd whisuel of G. nll.a.na as

ranging £rom 0.5-5.0 kHz’ 1’ Ereqiénicy, vhereas those of 6.

< Busnel & Dzdedzic ‘(1966) recorded a 'variety of sounds

lm- a fre nnqing school of “11, pllot whales, one of which -

had- been harpooned. They heard combinations of whistles and’

creaks, emitted almultansuué}] or sequentially, and . e
characteziz-d five lignal types and uvu'ul variant!. “They,
aho noted lb:uph trlq -ncy ‘shifts

Glublcagnal! w
\ (Busnel ‘t al, 1971

a lmputude variations.

1 alm fcunﬂ to produce double cllokl .

Bulnel nnd D:leduc (1966) reported A

\ﬁut thny had nccrdnd a wild Ja. melaena thnt had - . .
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V0 1. consistently emitted, two different signals sfmultaneously.-

e ; Caldwell & Chldwell (1969) confirmed this by recording a

T pilcr. vhale in captivity which clearly had/ ‘a dnuble narrow=. .

. band emission. ‘This|capability of emitting tvo videly
g« different’ whistles :J,mulnnenusly has’ not been demonatr;:ed

I.n any other cetacean spacies.

. Dreher & Evans (1954) observed 30 Eeeding pilat wha],es

off Cllifornta and concluded that 'the/ whistlas recorded -

could be classuieu 1ato 7 Erequn contours. mis is in .

concrast to I'.he 15-19- d)‘ffarent uhistla contours bhey

N described for - 3 other delp,hinlds‘ These- recordings,

however, were brief and almost certainly not rapresentative

of 'the pilot wnueu' complete vocal xepartoire. Dréher &

Evans (1964) iound that denerally, those’ contours most ‘used " y
I : by T. truncatus during feeding; were nlsc ‘used by o

g Globicagh la durmg feedlng. " The' autl\?rs compare de).pluni.d

'_"‘llﬂitllng to “human 1anguage and beliava that particulur

sounds have .precise meaninqs. ThES view has slnca been,

i ‘highly contested (e.g. Caldwell & cal\éwau

/’H and "has
B . failed to- :‘ecaive analytic, expa:imental, or. concaptunl

b . support” (Hérman & Tavolga 1980).

: . Tarusk.i (1975) desc:ibed some 30 diffetent whistle
.. * contours alnong wild North A\:lantic‘pud: wnalas, and grouped

. : these ‘into'7: broad'classes.: He states that: “the whistle

?  repertoire of the pilot whale (Globicephala melaena) is.

shon to be a-continuum or matrix in which no mutually A
LS . P i . X e %




exclusive contour ca:egorie's can*be 'ddfined" (Taruski 1979).
He ., also examined the carrelates nE pilt whale uhis:les.
Taruski (1975) Ecund thar_ pilot whale lmistling clearly
varied with behavioral and environmental cangex:. He

suggested that t!

el of arousal’in fhe. whule/a may have -

accounted for somedifferences in whistle -usage, but was

unable to"explain variations in dther whistle parameters.’

All vhisties analyzed by-Taruski (1975) \were/z/'undon‘n s'ample‘_,

|
recorded on three crulses that covered the area Erom

" mewfoundland south tb Hudson, Car‘&on., Pot msmbe,:sh!p was not

considered. and adjusted for, and recordlpgs were made from
g ! L ;

- 4 e 9 WAL T
“very different areas- (Nova Scctia and Neltfgundl:and) and

perhaps, from differént popula:xons. ®

McLeod (1982) also studiad frna rang‘lng pilot whalus
szf New!oundlund but compured recotdinqu of different pods’

“to examine batween=pod varlability. He found that .

differencds in whis:leu between different | puda of tha same
area existed; but within-pod variability wa; not rellably

ausssed S0’ thut dialects could only be " ntgasted. not

proven. The purpese ‘of McLeod's (1982)" dy'was to ctspte

mada to relate these to behavioral or environgsntal
contexts, A . o | ‘y .

Steiner (1981) examined the whistles from.S species of

dolphins in the western North: Atlantif ne of which was

, Globicephila melaena. He found whistles 'tg have consistent

4 eatalog of-wild pilot ‘whale phonations,- Enu po attempt was ;




’ caxondmxcauy moré. distinct than the other: 4% specles 3

b 2 -specific ch '-Jh-- bused on results of ¢

multivariate ‘aiscriminant anqusls s

. melaena. which is

. ol |
studied, ‘also had the most: distifctive whist:les‘ ~Morgover,

. _c_cmuniga,uon.« Maximum fx.-equ_ ncy,wu suqq_asl:ad as the

species-spécific characteristic of the whistles, while -/

whistle duration and number Sf inflectign points were
thought to be important for ‘1\di;:iéuai'ditlerentiatfon

| b
(Steiner 1981). Both Taruski'(1976) and Stelner (1980)

suggescad that individual -sxgnatu:e' whistles may be
|

/pzezsnc 1an. malnna.

* Thers have ‘been faw long-term ‘studies of | free-ranging
cetaceans, in which sounds have bgen related to behavior.

However , “Jyack (1982) with humpbacks and Clé:k‘(1983) with

right whales have greatly. elucidar_ed the functlons and

meanings of sounds by studylng I'.hs fatikal contents in which

‘they-ate produced. "By combtnxng sat- obaervations vieh

knowledga of the ucclal bahavior and natiral. hhtoty oE the .

!pecles under study, atholwsts have been able: to creabe
convxncxng adaptive explanations of systems of i
*commurication" (Tyack 1982). -Tyack (1982) found. that
humpback whale. groups ns'pondga»_dusﬁunuy t6 the annéﬁ\aqd




s 10

social sounds, respecti.vely, of other humpbacks. The L
burpose of Clark's (1983) 18-nonth study -on southern cight
whales was to correlate sounds with activities and to

damon!t:ate the pcsslble commun!.cativa Eunctic\na of tha

‘déunds.’ He concluded t;A?‘- there are correlntion&betwsen

‘can ‘be lnte:preted frum tha activltiea of the Whﬂl

contexts in which the ‘sounds wers ‘made. A
Using ‘data’ conacbed in: inshore Nawfoundland vaters in’
1932, 1 studied mainly the whlscle.s, but also the pulssﬂ

J sounds and cucks produced by Nott.h Atlan:lc puot whales
8. melasna), and. examined their x‘slatlonshlp to various

behavioral -and environmental pé ‘i and

recorded only free-ranging pilot whales. Moreover,'in light

of the Fack that. between-pod dialects have been suggested in.

pilot whales (McLeod 1982), an nttempt was made to Eollov

only one herd of whales Eur as lonq as possible, through. day

-and night.} It was hoped thzn: this would considerably reduce

. the soyrces of-variatfon which troubled Taruski (1976).

Only ‘grolp’ movements and behavior ‘coul

be used as

contextual data since individual interactions were’very

" aifficult to detect.. Group behavior, however, might be-an
a'ccuruu, L£ general, indication of ‘the. behavior'of :
individual vocalizing animals, eapectauy in a species whtch
exhibits a high. dagzne of hahavloral coordinu:ton.

) Furthc:mora, many sounds. hnve bean hypur_heaized to have'a




o o e VAR T e S, o
,functic’m in group movements (lenan & Tay

» In'order bo sh.d llght OI'\ EM !!lut




K13 auxilury Ketch (wi.th 1nboax:d 45 ‘n.p. diasel e

angine), the Pindri x was uaed to Ecllw pllot whalas in

ﬁ du‘ectly" using only 8ail power wheyever posslb'le. Every

at:l:empt was a also made to. stay vxt:n ‘the same - group ot 'whaies

\Eor as; lonq as possible. iIe vas thought that- by’ staying i

with the gane general herd.for a woek land by sai}ing as,much

us possible, animals would ‘hal xtuate to our .presence, and

__seeme: to. ba\tm, as anhnals shuwad littls fear of the boat

and leti:us app:oach ite ‘close’. 3 :~_
au Y A

sﬂc c:er'msnbezs were on board throughout most of ths
_study. 'Watches vere. 4 firag long; around £hs clock,” vith: 2
crew membsrs .on. vl tch at ong.time. :Ong¢ crew. member sailed '

i e b 14
the ‘boat, consta }y obusrvlng th uhales uhi{e, avary 3u~

mlns.. t:hu o:he: L'ncered these cbse:v'tions Qn a'

made the’ anousttcul recording, and plottsd posltiona;
hyd:ographic churt. Acouatical recordlng was done- avary 30

-m!.n. qu: a duratlop of 5 min. whsn 1n the prasence af p’ilot, *

wnalus, as datemined vlsunuy -or- acousbicnll.y.

o

the -dis:urlﬂﬂce ve caused would be nil'nimal. 'l'h s ilﬁfact %




term "herd®, ‘to\)aan ‘the largest’ overall qfquping of an.i'nals

P @
seen. The herd may then 3p1ifGp into.a féw "podlets® or

- subgroups when spread out. Theése usually consisted of 3-20

anllals. When' £61lowing pilot nhafu, usually the largest
< or cloust of these podlets (or the hazd, if in tight | .

forllticn) was ‘chosen as the object of our obsarvations.

This was than called thu "group", vhlch may or m

! perzainéu ohly ‘to the behavior uf this group. sy 0

‘A éa:. g'c ered durfng each; 5'min\, ‘acoustical recordinq

nte, ‘time

~ s o: day, pbllr.lon (latitude anl 1anglr.udt), \uter de; E (n), :

euiutad nunber” of animals in-the group being Eouwed

(gr p_ size), un.uted pr c_sertion of tha grotip heading the

same dlzaeuon (%), estimated akea ovsr vhich the ymup was . -

scattsrod (- x m), ‘distance lm) -ma).o; were frm the" boat
;ha\vhalei (knots), number oi sunoundinq P 10:5 seeny .
buhuvior (-dl.n:;tl\onll, milling, sucface nctlve, -pyhopplng--

deﬁnib&cm follow), nnd the nstlmul-.ad numbo buds

(8
a IDO m X100 m,,

ln co‘ntn

.- e > 3

been sutroundud by oth-r podlets. 'l'h- tollcuing paxamr_eza =

(astimt-d ‘Erom the center of chs group), esumted sgeea of.

i pta!ant xn canjunccion with the’: whalas (u “an 1nd£canior\ ot sl




\
t

|

nct recorded o msntlon’ lt hsre te expl.ain that the “number 2

A of pcdlev.r seen' is apther lnﬂex of  the degreu to ! which

whales were squttered, but is on a 1argar :cale ,than “.araa i

Behavioral eaﬁbqorlas wete deﬂn

i racorﬂed .




simuln_eous;ly (H.g. \1 s

_"A!' e

¥ lottad at

1eap: o's i) by. faacuzes oh land.

each 5. mln.

Depth wus detemined

sasslen ‘on

'spynoppmg -a sgsciﬂ.c!hehavlor duzxng whi.ch an animal .

’l bahavioral notas w LB

hydrog:aphlc charl:. and- were estimat’ed (accurate toi, at —

A11 soynd recording- w-ra ‘mado on i

tfack uher lZUO *

Repont tareo :;pe tecprder at a‘ tapa spearl of 19 c.p.s.
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Fig. 1. Surface active behavior. Note the large numbers of
gulls present.

Fig. 2. Spyhopping behavior.
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(£lat frequency response from 20 Hz - 20 kHz). One track

was used for whale sounds and the other for voice recordings
maEKANY Ehe baginning and end of a recording session, by
announcing time, date, position; and tape dounter number, A
towable Aquadyne a017 ‘omnidirectional hydrophone with a o
Barcus-Berty. preanplifier vas_lovered to a depth o(hca. 10 m

t6 record whale sounds.’ During recording sessiohs, the' boat

was hove-to or anchored to minimize. water no1&
WhalQS were followed for a total 0! 118 hrs. 55 min.

dyring: which ‘ca, 20 hrs. of pilot whalé vocalizations were

recorded (236.5 min. sessions). In addition, 7 rolls of 36

exp. and 3 rolls of 20 exp. 35 mm black & white(Tri-X or
.

HPS) £ilm were taken., Dati collection needed to be

" interrupted six times owing to inclement weather or for

other ‘reasons.. After locating whales again’following each .
-intérruption, a new pod identification number (1-7) was

‘assigned. (Table 1)..

However, based on the fdentification photographs and .
because relatively fow whalss wers in Conception Bay in
1982, there is 'good reason to belleve that generally, " these
animals all belonged to ‘the same overall herd. a .
prelininary’ anslysis of the identification shotographs
revealed that 4"individual whales were resightsd during the.
study. Whale #1 was photographied on '25 July, 11.30 n7 25

July, 16,15 h; 27 July, 08,35 h, and “27 July, 09 18 h, "%
linking Pods 2 and 3 (rig. .

The ‘longest tire between,
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Table 1.

"Pods" tracked in Cancep,tion Bay.’

A "pod"

vigual contact vas maintained witl
-

‘constant acoustic or
pilot whales.

conuiats of a period during whi.v:h’k

ID Photos

Pod Observed Observed  Hours'  Reason for
No. From: To:| _ Followad Interruption - Taken
1 24 July. 24 July 2 Picked up New 23
2 18.30 h  21.05h° 35 min ~ Crewmember
2 25July 26 July 26 b Dropped off , 67
10,58 h  13.30 h 32 min | Crewnember
3 26.July- 27 July 25 h - Picked up Tapes - 98
16.02h 17.36 h 34 min and Crewmember
4. . 27 July -28 July . 6 Lost Whales due 7
“19.01h 01.16h 15 min = to Sto
s . 280uly T29~July’ 14 h ' Lost Whales
11.34 b 02.30 k<36 min " during Night
6 29 guly . 28 quly 15 h —ama x@;ﬂ during
05.27 h . 20.59 h = 32 min
7 30 July ~:31 July - 27 h End of Sty g T
. 16.29 h*%.20.00 h 31 min
TOTAL 118 h 55 min
s . p




Fig. 3. Match of identified dorsal fins linking Pods 2 and
3. Whale #1 from 25 July, 16.15 h (top) was rephotographed
on 27 July, 09.15 h (bottom), 41 hrs. later.
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resighitings was 45 hrs. 45 min. Whalehg2 vas photographed

on 25 July, 12.05 h (Pod 2), and was photogﬂphﬂ@ on 30

July, 16.20 h (P_o;:l 7)+ 124 hrg, 15 min, later. . This wus the

longest time betwaen any mateh of this study. Whale 3 vas
photographed on 26 July, 16.15 h (Pod 3), and again, after
49 hrs, 35 mn., on 28 July, 17. 50 h-(%od 5)(Fig.. 4)." Whale -
#4.6€ Pod 7 was photographed 18 hrs. 55 min. apart--on 30
July, 18.20 h and on 31 July, 13.15 h. -There were many
other méccnes within pod numbsts. The longest uninterrupted
tine we folloved the Hhalss was for 27 hrs. 31 min,. during
Pod 7. : ; 5 ' i

* Recordings were analyzed by ear to determine the number -
of whisclas of ‘each type, the number.of pulsed sounds, and
the dégrée of click activity heard during the first 4 min.
of each 5 min, recording,session }sinée some recordings fell
short®of the full ,s,'mn.)v.- Tapos' wers listened to at full-
speed (19 c.p.s.). Qualitative catagories were used for the
degree of click activity, since clicks were impossible to
ot at this tape .[;m. The overall impression of the
quantity of clicks heard throughout the 4 mins. was rated on

a scale from 1 (fow or none) - 3 (heavy clicking). 'Any

‘sound that was not pure tone or narrow-band, but:that was

longer than 120 msec in duratlomu to clicks) Was

considersd a pulsed sound. These squawks, buzzés, moans,
barks, etc., wu:e generauy eny to distinguish from whistles

(even though !requancy modulation was sometlmes p:esent) and

.o X v




Fig.
5.

4. Match of identified dorsal fins linking Pods 3 and
Whale #3 from 26 July 16.15 h (top) was rephotographed

on 28 July, 17.50 h (bottom), 49 hrs. 35 min. later.
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variety of. u\ulnple-humd whistles, *

clicks (even though broad-band).

Whistle types were based on the 7 broad whistle

_categories deﬂ.nnd bHanl!ki (1976). Statistical

Justiﬁculon tor thiwwon is given in

Appendix A (Test 2). Depicted here are stylized whistle

Actual of spect can be

seen in Pi.g‘ 5.z . .

s1 - lavql frequency ( )=

frequency throughout the entire duration of .the whistle. ..

42 - falling frequency ( \ ) - .a noticeable’
in :

all or most .of the duration

“of the whiltl. .

83 - :lll.nq frequency ( / ) - a noticeable increase
in frequency throughout all of most of thihistle.
$4 - up-down ( S\ ) -a wnxsu. in which frequency
first rises, then falls.
$5 - down-wp' ( \/ 1-a whistle in which Erequency
€irst mostly falls, then riges.
56 - vaver (/WV[ ) = a whist18™1n which there are at

least 3 Enquoncy inflections, but the frequency exchrsions

a}a‘gen ally. lym-tricll about some mean.
§7 - nultiple hunps (' SV ) - @ wnistle ‘in which
thsv uro at least 3 auymhetrical frequency intlactlonu.

This catoqory was used as a cn:ch-lll catoqory Eor a‘'wide

Summary stgtistics of characteristics (such as maximum

entially no change in




"\

Fign 5. Tx‘acings of spectrograms for whistles of each
category, S1 - 87, The x-axis represents time and the y-
axis, y (in kBHz), 4 for Reliabuity
Test 3 were on these

information on'how spectrograms were mzie, see Har_hoda 4
section ‘of Reliuhillty Jest 2. .
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Erequency, durntion, e:c.) of éach whistle type are T s
“ % presentsd and discussed in Appendxx A (Test 3, Table 13).

L‘L ’Taruski (1976’), whistles 51-53 are considsred and’

Tee reﬁer:et\to, in che hlcwlng results and dl!cussion. as .

whtstlea becme diﬁticu.lt; (15 - 5 u’)

"5) ver: high “Fates of wms:ung
Y




TSRS

B

SPCRRST

3 aurally cutagoziz-a, but hecuuu o!'th- -uminuticn aE‘

nay be unnu.m u"/- 5.1%) i i =%

A" *6) sounds ‘that were tam.y distant (2: =79, -m

7) sounds that were vary dutnnt so’ that accu:lcy

might be a problem (5
=

2.13) - ) i :
s 8) sounds thut were distant with lnto:torlng noise in
addition (15 4. 2y ; Bt R
.oy high rates ‘of wms:ung vith mc.rcanng mu’e 3
(2~ 0.84) :

vucalhuth'm parameters cha: were -ubj.pcad’ to unalys!.s
far Oﬂch

4 ir;. session wer

the nﬁmbcr of :S1; sz, ss, s4,

<188, SS, and S'( th!:llu, the numbir of p\lll.d sound 0 thn‘

" rating of -click acttvu:y, and the . .total number of whistles

in the 4 min._ session. whennvar th‘on vocluzntinn ,~.

‘parameters were involved in the Eollowing .:actuica;,

analyses, only selected data-with quality cydes 1, 2, 4, 5L

- or. 6 were used. sxne. there was hardly any difference. in

rultab“.ity blt\non -aasionu Iir.huur. probluls and ussionu

. with pmmm (-m:n as quality codes z-/a, s, .s) (see

total of 1.0,!.83 loundu (vhlutlal + pulud soundu) we;

sesuonu

t:h cu;n!n qualuy- codn. only 13,173 soundu weu

‘used in‘ the analysis. Thosa amlynl which aid not ncluds

" sound. variablés ysed all data regardless of guality code.




CORR’ icr Kandall zmd s;earman corrslation coef!iclents‘,

-‘Hlmnhwhitney U \:ssts, ‘and BREAKDO"N for an 1?3{! oE “

’varxance‘- or . the. pr\incipal coly;onen!: analysis

prbcedu:e ?AC’RJR was useg, The tol \dng ReSults S

fonowtng var'l.ablas. m.lmber of. §1 3,5 54 ss, ss, and

57 whiutlaa, whistla tutal numhsz' numbar ‘of pulsed sound§,

umber of blrds Because.

: group size, (nmbez of podlets, al

n weeCher arxd sea stata.

V.oE the ral;tively s].ow change

anvizamnen:al da}a (wind spaed, nloud cover. waye. haighc,

[ and awell)éight)“were linearly 1nterpb1atsd bstweeﬁ the 26

acr.uul obs rvacion:

5esaion took place.v ’ﬂme 43 day was ret‘:bded intn 2 hr, -

on the basis of. whuqe contuur. This may be very difrerent

'sxom ‘how -3 whale pucexves or hrtezpret! theae whistles-

-

T

‘CROSSTABS ior C:amar s v cM-squara tests, NPAR TES’J.S tor *
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some, sense that \the .whale's’ percéption of a sound.and my own -

chas L arg mre similar ¢

eur.pur. O tm spacbral analyzer. Nuahces qf sound that are:
sei . mag

“the perception of the. wjale and the

:rahle’on .a sohogram or: spectrogram ire detected

by the human eur (Bu!nul} 1956)

The spectral analyzer also - ¥ i

it pannot procéss rapm Eluctua;lons A

fnequency 1zke. Mlet (SS) of.uen pl;oduces, unles tape

H * - dpe d 15 drustlcnlly reduca R Aunachin

renable nnﬂ objactxvé. i i s analysis.

Tne qreatest

‘.Bpeqr.x:ogram or’ visual 'appeaxan o 1'5 aIso suBJective, it. can,

. .. be af: imprevemant .on categorizatlon bi dar. Ber:ausa of the

- (19751 22 whistles). T have chosen analysis by aux:al

impression. gbsBrver or ‘Hstene s reliabihty in’ ché

Ghssiﬂcation 3 vécalizat)ons was, ho\wever tested ih e

7 fouowmg vays: o . 4 X

i
¥ : i

4 2 b S . N i

1) aell‘:-reuablity LN |

\2)-re1hbility betwesny myself” and-ancther observer .. *

G LY :auabnity betwaan myseu (and the other ohserver)

F

\ ase\\esns. are fscribed in® Appandix A, and cankmen:s :

yon ‘the more interesting by-product§ of the - '
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CHAPTER 3 -RESULTS - W

'3.0° Introduction Lo

i,
categories: 1) Sounds,
and 4)" Environmental {Iariables, in the “#oliowing mahinebs

(N § Sounds

Context * Environ,
Lontext Enyiron.

v ~or co:raln:inns ware maaa (glven with tr’ir respective

sectlon numhets)! ik b :

i i 3
B o KDY Scund! uith eauh or.her 4

: 2. Sounds'with bqhavlor

i « S i N
' ¥ 3 3. ounds with contextual; variables ¢
{
}
I

! - wnistle Types Directional . Are " Depth .
st J miliihg iy Group size’  Time
AL sz surface Adrive No. of Podlets Cloud Cover
",‘ : s v Spyhopping - . Proportion .  Swall HE.
- ‘gf ; - sa ! “Speed 7 Wave Height
l s5 . No., of Birds  Wind Speed
Vot o s6 Co . Distance !
‘ ‘ . 87 ! ‘ pate
) . . Pulsed Sounds } Pod ‘\I."P. No. N
,Clicks .
wmm:). mcal oo Eadl | "ei q o
Relar.lonzhips within categoris& and between different
TR , Sategories weze exam ved. speclﬂcally, these comparisons

29

i Variables (defined in Methods) were divided up into 4 -




i 3.4, sounds with envlronm{ntal variables
3.5. Behavior with contextual-variables

3.6 Behavior with environmertal variables~

H . 3.8 Contextual with envi 1 variables.

|

|

|

|

; !

H 3.7. Contextual variables with each.other . : T
!

3.9. Environmental variables_with each other .

Behavioral types.(listed above) were not compared with

. . each other because data were.insufficient to. draw meaningful
conclusions. ' While the comparison of environmental :

variables to’each other was not directly pertinent to this

" thesis; it may help elucidate other correlations with
environmental variables anki more fully describe conditions
during the study. % ® .' J .

| o " ALl sections in which behavior is discussed compared
the presence’ to the absence of the respective behavior with ’ |

regard to a given variable. In all thé following sections, i
those relationships which were not méntfoned can be assumed i

“to be not statistically significant at p<.10. Results Y .

pertaining to whistle S7'should be ‘taken with some caution -

as there wers, indications of slight problems in reliability - .

with this whistle type becausé of its high ability (see

Appendix). Summary statistics of.all vari are

available in Tables 2 (continuous variables) and 3

(categorical variabled).




Table 2.

selected data (with quality codes 1, 2, 4, 5 and 6) were
used for sound variables (S1-S7, pulsed sounds, whistle

31

Summary statistics for continuous variables. only

total). Proportion = proportion of wiales heading dominant
direction, Area = area over which whales were scattered,
Distance = distance, whales were from/the boat.
variable N Mean +SD Units
s1 192 Whistles
s2 * 194 Whistles
s3 - | 194 10,61 Whistles
'S4 194 9:39 (, _istles
s5 194 ~7.6% - " "Whistles
S6 'y 194 ) Whistles
57 194 - Whistles
Pulsed Scunds 194 Sounds
Whistle Total 194, Jhistles

. 193 8q. m
Distance 201 ‘m
Group Size 195 Whales
No. of Birds 194 ° Birds
No. of Podlets 190 1,52 Podlets
Proportion 187, %

191 . Knots

Cloud Cover , 26 3
‘ Depth 189 . n
Swell Height 26 4,76 inches
Wave Height 26 2,49 inches




q .
4
1 .
}
, 8 32
i * d Table 3. Summary statistics for categorical variables. Only
H selected data (with quality codes 1, 2,.4, 5 and 6) were
l uaed‘Eor click scale. g
i ; . N
o
; Click Srade u=194
| 2 2. ¥
i S3 0 38as
i Quality Code  N=236
8 ) e Broblens >
. 2 Minor Noise <
3 . Major Noise .
4 High Ratés of Whistling . Sy
s Very High Rates of Whistling. :
6 Distant
7 Very Distant |
|. 8 Distant with Noise .
e 4 L9 High Rates of wnu:nng with Noise
£ B} . .
1o .1 Behavior N Present Absent
< Dirsctional (D) . 195 77.9% 22.1% i
Milling (M) 195 25.1% 74.9% "
Surface-Active (SA) 195 20,5% 79.5%
i Spyhopping (H) 195 3.6% 96.4%
foms © Date N=236 Time N=236 -
: 24 July  2.5% 8 h 6.4%
\ 25 July 10.6% 810 h 6.4% -
1 26 July 17.8% . 0-12 h 8.9%
27 July 19.1% 12-14 b ‘10.6% .
28 July 11.0% 14-16 h 8.5% -
' 29 July 16.1s. 16-18 h  1l.0%
30 July  6.8% 18-20 h - 12.7%
. 31 July 16.1% s 20-22 h 10.6% i
i 22-24 h 5.9%
1 0-2-h 7.6%
2-4 h 5.1% €« 3
4-6 h 6.4

L EIE. Pod No. N=236 W ed - Beaufort N=26
e T s B b !\'1
! A 2
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‘highly significant (p¢<.01) (Table 4). Nost highly

Clark-(1982) in his classification of right whale sounds) .

33
3.1 Sounds with each other
[Spearman corr. coeff.]

All sounds were correlated with each other at least at

the .10 level, and most gorrelations of sounds were very

correlated were pulsed sounds with clicks (.61, p<.0l). The
lowest correlations Wers S1 with pulsed sounds (:12, p<.10),

s7 with clicks ( 12,-p<.10), and S1 w!.th clicks (.13,

p<.10). Overall, whistle types S1, 52, and 87 tended I:/u/b‘/
less highly correlated-with other sounds.’ In c'oxgcnéc/, the . &
whistle types, which were generally 'niou nigmy"co:nu:ed !
with other sounds were 53 and S6. -me ‘Whistle total of-each
4 -in. session was also highly aignlnclntly correlatea with
tha clicks (.38, p<.01) and numblr of puuos 18 fs. P<.01)

occurring in that session.
_Principal Component Analysis (Fig, 6) (also used by

revealed that whistle types S1 and S2 tended to. happen

together in the same sessicn, but that they did not usually

occur in conjuncuon wtch othct nhtur.l.o types. A similar
nltu-:lon was found wn'.h whistle type 'S7 and pulud sounda.v X '
The occurrence of whistle types 83 and 85 tended to parallel
each other very closely in tl\e same seiulon, and these - »

vhistles were very llqnlflcuntly corfelated with one another

i
|



Table.
pulsed sounds (Pulsel, whistle types S§1-S7, and whistl

total
+= P

4.

[Total] (S1+52+S3+S4+55+S6+S7).

<0.10, * = P<0.05, ** = P<O. 01, - N=194

Pulse .61*¥*
81 .13+
s7 J19%%
§3 .. 42%%
sS4 #30%*
S5 J31%* .3
56 .,35" .4
87. 12+ »3
Total .38"’

-‘ C].icks

PL L
THR 43%%
- P L L
sS4

-85

34

Spearman correlation coefficients relating clicks

W32

S6

%

*




Fig. 6. Pﬂncxpu Components Analysis for whistle types S1-
pul

In this graph,
occur ‘together. in

‘7.

'sounds plotted cl
same session.
2, 4, 5, and 6
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(.49, p<.0l). Both also tended to happen together with
Whistles S4 and S6. ’
3.2 Sounds with behavior :

[Mann-Whitney U test; Cramer's V chi-square with clicks]

The most common behavior Was directional behavior (Fig.
7). ¥nile pllot whiles vere ‘exhibiting directional behavior,

their output of vut.ous whistle :ypu was either not Lo

'significantly different or was less, than when_d_irectional'

behiavior was absent (Fig..8). Mean numbers of.Sl whistles
(p<.05) and 82 vhlstln‘(p‘(.ﬂl) were significantly lower
when directional behavior was taking place. There was no
significant difference in_the vhu:l? total number (p>.10)
In contrast, when whales were milling, numbers.of S1 3

(p<.01) and. S2.(p<.01) -nisn'-‘u increased, on average,’

relative to when whales were nc,;t milling. 'There was also a
tendency -for S7 whistles to oceur nre/oh.an (p%.10) during
-,uung than in its absence. "\\..'-—-—f

During surface active behavioz. the most vigoroua nnd
energetic Iiehlv'lor type obsg‘rvod, several sound typau,‘
especially the more complex 'vhistlu, 1ncn;aad’l_n numbg;: *
over instances when thh behavior was not present. In
pazticular, pul d soundu (p<.01), S4 whistles (p<.01); SE
whi!tla! (p<.01), and, to & lesser extent, S7 whls:ln

(p<.05) increased. A greater degree of clicking (Cramer‘'s




Fig. 7.°Relative frequencies of behavior -types.The
percentage of time each behavior (D - directional, M -
surface activer, H — spyhopping) was present
"Because behavior types were not mutually

_-exclusive, total percentages do not equal 100 %. Sample

sizes (number of 5 min. sessions in which the respective

195.

behaviar_was present) are given at -the top. The total
'mmermin. sessions in which .behavior was scored was
gl TS
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Pig. 8 Rolatiuns‘hlps»mf sound variablus (51-57 whi.stl.es..
whistle total nimbers, pulsed sotinds and .clicks)

behavior (D --‘directiongl;, M — milling, SA -.uurtace 5
active, H — syphoppifig) . Black.or. grey bars;indicate the
presence of ‘the: behavior, white bars,.. its .absence’ - Mean

counts ovet -5'min. sessions are represented for all -
variables except clicks. Significance, howevér, -was based
on non-parametric tests. ‘Click scal : 1~ few or no 4

clicks, 2 — medium-click activity,- 3 - heavy cucking.

- Cramer's V = ,25L, p<;01 for clicks with surface. activ

behavior, - Sample sizes’ are as follows (presence/abnence of
<behavior): D ='1267/35

M = 39/122, sa = 35/125, H= 7/154. et

+ ='p<.10, * =p<.05, ** = p<.0l. " & STl
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“\y=.25, p<.01) ‘was heard in Gonjunction with surghce active
behavior. Whistle tobal, hovever, did not increase /
signiftcantly (.10, - .

¥ S *  Spyhopping was accompanied by an increase in whlstle

“type §6'(p<.05). Thefe was also, on average, a: ltendency for

£ gzealter numbers of whistle type'S7 (p<.10) and puls‘ed‘ sounds T

= {p<.10) to bé heard during spyhopping. : . [
SEe . s 5 S £
- e i i

3.3 Sounds with contextuali'variablés’ - . .- B ;

[Ksndall corr., coeff ]

s i f d Lo d
P '4‘ i o .

* Whén whales w'em spread ‘over a greater area,. whistle

types 51 (413, p<.05), 82(. 12 p<.05), S6 (. 13, p<.05), and

B s7 (. 13, "p<.05) 1nc§ased in number (Table 5). The whistle

total, in.geseral, tended to be greater Wwhen whales covered

»

) " 'a greater area” (x10, p<.10).

. surprisingly, whistle total was not correlated with o7

- group size (p>.10). The only whistie

{type which éi-mwe,a.a_
| i 'slight, tendency to 1ncrauss with 1ncreaslng numhars of '
whales pmsam—. was sz (410, p<.10). Indeed,’ Eewer cllcks [ l

: - (—.27, p<. o1) and slightly 'fewer pulsed sounds (-.11, p( 10) \

{ ety e ! were heard when: thare uare more uhalas preuem:. Z

_\Very dlffar«nt results were obtained when considering‘

- N the funber of ‘podlets présent.. Har\?,los_t'yhiutlc types

. 1ncraaead in number yhen more podle¥s were observed, ‘There

was .a vety aignlﬂcmt poaltlve :o:relagion between the - "
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Table 5. Ksndall correlation: coafficients relating sound
variables (whistle types S1-S7, whistle total numbers *
(Total], pulsed ‘sounds [Pulse], and clicks) with contextual
variables (area over which whales were scattered. group

size, number ofvpodlets, proportion of the group heading the

sanie direction, speed of the whales, and distance- whales
were from the boat), with sample sizes (N).
+ = P<0,10, * = P<0,05, ** = P<0,0L.

Speed

Area  Groyp No. of  Propn. Distance
Size Podlets’ bt

N 159 161 157, 167
51 .08 .09

s2 10+ -:03

83 -.00 .08

s4 .05 .08

'S5 =.07 1«06

S6 =01 W13*

s7 -.01 L2+

Total .03 J13%

Pulse =11+ .03

Clicks -y 274 <114

o+ i 5 \

Ld
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numper of podlets and whistles S3 (.17, p<.01), S4 (.18,
p<.01), and S6 (.22, p<.0l). This correlation was also
present with whistles 85 (.15,-p<.05) and S7 (.15, p<.05),
Bt Tess: BgniEicARELy 46, "WHLAELS EOEAL Was vecy
significantly correlated with the number of pov.;lets present
(.22, p<.01), in‘contrast to the situation with group size.
The. whales' output of pulsed sounds (.29, p<.01) and clicks
(.32, p<.01) also increased with greater numbers of podlets.
ghans g e :

e greater the' proportion of whales travelling in the

' same direction, tha fewer /52 whlstles were heard (-.19,

. "p<i01).. In other words, hen whales were moving in a more,
cogrdinated group, they produced fever: 2 Whistles. They
K195 Sa te- Mnle. Tewse 0T VELRCTES T4 1L, p<.10),

Greater total whh:tle‘ numbers werg heard when whales
were moving faster, (.13, p<.05). In particular,. whistle 6
(.13, p<.05) increased in number with the speed of the
whals‘s.-_, Whistle type. 57 (.12, p<.10) and -clicks (.11, ,
o< 10) showed similar tendencies in this direction.
. ma numbet of bxxdu present was ot significantly
related to acouscic oul:put of any kind (p>.10).
s expected, fewer whistles in. total were heard when
. Whalas were more distant,'although the correlation. was only
fginally aignificant (=.10, p<.10). Clicks, wifich are. .
thought to be highly directional (e.g. Norris at al. 1961;
( torris & Evans 1966 Evans et al. 1964) and ‘to have high’




p<.10), and S6 (-.11, p<.05) whistles. -

v

45
attenuation rates (due to higher frequency content), were
4, p(.f)._l).‘ 'Fewe‘r
pulsed sounds Were also heard when whales were further avay

heard less when distances were greater (-.

(=.16, p<.01). Other whistles were also negatively

correlated with distance from the boat, but the significance .

_was only marginal. These were S3 (-.10, p<. 10), sS4 ’(-.10, .

[Analysis of variance; with clicks, used Cramer's V chi-

square]

There was a sighificant difference in hean whistle

" total between different dayé (p<iol) (Pig. 9). Mean whlst!e\

total was particularly low on -the Eirst;day.of the-study
(July 24). - The last two days (July 30 and 31) were also

quite low in mean otal whistle number.* In the cases of

duly 24%nd 30, however, sample :sizes were small. Click

activity also varied from day to day (Cramer's v=.286, ,
D<.01)(Fig. 10). -The pattern was' very erratic, wih no - T
clear. trend appur‘ant. July 25 and 28 were peal;S in“click

activity, and a marked low occurred on .July 30, .

Pod ,ldenhification nunber , -being closely_related to \f
date,‘varied sinilarly. Mean whistle total varied ;
significantly “3¢.01) botwasn dtffgrent pods (Fig. 9). The
lowest ‘mean number of whistles' were heard from Pods 1 and 4,

but sample si&es were unusually small for these groups. . .




Fig. 9. Variations in whistle total-numbers over days
(stars) and pod identification numbers 1 -.7 (bars
representing:the amount of time the pod was followed).
Means of squdre-rgoted counts are presented. . Sample sizes,
for each date are indicated below the corresponding date.

-. P=-values for'7 d.f. are 6.34 (p<.0l1) for days, and 9.13

(p<.01) £6r. pod number (6 d.f.).
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Fig. 10. Variations in degree of click activity over pod
identification numbers (top) and days (bottom). In the top
figure, the width of the bars signifies the amount o

(time -
the ‘pod was followed, being superimposed over date i\\ ;
co:responding to the bottom figure, -Click scale is givenm
.in percent o

each of the following categories: 1 -.few or
no clicks (represented by white), 2 - medium.click activity'
(gray), and 3 - heavy clicking (black). Sample sizes are
shown above the corresponding date. Cramer's V = .304
(p<.01) (top) and*Cramer's V = .286 (p<.01)(bottom).

i
i
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_Click activity was particularly low in Pods 4 and 6, whereas

Pod 5 formed a conspicuous peak in the extent of clicking
freard (Fig. 10). This difference in.click activity between

pods was significant (Cramer's V=.304, p<.0l). i

3.4 Sounds Hlth envlzonmom:al variables 3

[Kendall corr. coeﬂf b f

‘ 5
Greater total numbers of whistles were heard over

deepsr water (.15, p<.01)(Table 6)% Specifically, whistle’

, types S1 (.15, p<.05), S5 (.23, p( 01), and SG (.14, p<.05)

were more frequently produced when whales were in deeper
water, With increasing depth, a greater amount of click

activity also took place (.17, p<.0l).

(Analysis of variance; with clicks, used Cramer's V chi-
squarel: i . :
There was a tendency for the total:number of .whistles
to vary. diurnally (p<.10)(Fig. 11). On average, & slight '
trend towards more whistles during midday {08.00-16.00 hrs.)

and early moning (04.00-06.00 hrs.) could be detected, with

‘a peak at the 10.00-12.00 hr. interval. In' gemeral, fewer

. mean numbers of whistles were heard from 16.00-04.00 his.

during .darkness. 5 2 :

ﬂhiu:\p type S3, since it was the most commonly heard
t . » .

-~
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Table 6. Rendall correlation coefficients relating sound
variables (whistle types. S1-S7, whistle total numbers
[Total], pulsed sounds [Pulse] and clicks) with
environmental variables (water depth, cloud cover, swell-
height, wave height, apd wind ug-od), wlr.h ampla sizes (N)
+ = P<0.10, * = P<0.05, ** = P<

Depth . Cloud ;éusu Wave

‘Windspeed
Cover . ..Height. Height

N 149 186 186

e i gy
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Pig. 11. Diurnal variations in vocalizations (whistle total

numbers, S3, S4, S5, and S7 whistles, and pulsed sounds).

True means are represented although significance was based

on numbers with square-root. transformations.
© for all histograms are indicated on the top.
- 11 d.£. are given on the.-right-hand

+ = p<.10, * =.p<,05, ** = p<, 01,

P-values for

sample sizes
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. means of the 12 time ‘periods were significant (p<.05).

whistle, showed roughly a similar trend to that of whxatla
, total,

#ean values of S3 were higher, for the most part

£rom early morning to nooh (04.00-12.00 hrs.) than they: vere
from afternoen to night (12.00-04,00 hrs.). . Especially high
numbers of this whistle were héazé from 04,00-06.00 hr’s., on’

averaqa'. Over all tims periods,’ though, differences 1||

means were only marginally® sxganicant (p<:10).”

. A very erratic pattern was exhibited by wmstle :ype 84

- with respect ‘to time of day.

In qenaral . mean”whxstla

nunbers were higher around noon; but at’tne 12,00°14.00 S

1ntg:vll, there was a marked dxp. 'A peak- in;hean whistla

numbers occutrad bétween 04:00-06.00 hrs. Differsnces in

signiﬂcant than . in any ofher ‘sound. (p<. 01). a clear

‘maxlmum in mean numbers occurred 1n the 10, 00— .ou»h:‘.‘ time

"
1
Diurnal variations 1n.whistle type S5-were more 'A . %
{
{
i
1

im:ezval, and a minlmum, in the 16. oo-.xa 00 he. tine period.
Means “at' other timéyperiods were fairly s&-}mn. N #
The diurnal pattern of complex stcle type 57 was

.
quite ‘unusual,

to ths im"ﬁﬂ ones.; It was

tnughly uimj.l.a: to chsr whistles"' in I:hat, on average,

more S7 whlstles were heard from 08.00-16.00 tirs. than from ¥ i
Howevar, ﬁfmst whist os were heard from

16,00-22,00 hrs.

22.00-06, on hru., on nverage. fa

This whi.stley then, unlika

oche:aymsues, wa§ most common durinq the nlght. )

Differences, . however, were only. marginally significant:
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(pzm). ‘ o

! cloudy (.11, .p<. 05)(TabIe 6, p. 50).

Pulsed sounds shqwed a signiﬂcant difference with time
of day’ (p<. 95). The qiurnal variations of these sounds were

characterized by Elﬁciuatioﬁa, An which no trends were

3
inmadiacel.y apparent. nghest‘msar{s 1n pulsed sounds

occurred ‘in time periods 10. 00 ].2 00 hrs. and 22. 00-02\00

hrs.. thus sharlng aom\ s!milnrity with whutle<§7 in thau‘
nocturnal. prevalepce. = .- % - L
wcuck activity did not_vary with time of day (p>.1d).

o P &

“[Kendall corr. coeff.] o )
-More total nhistles were heard when skies’ were more

In particular,’ numbers’

| of $5 whistles:vere highek-when cloud cover'was dreater

(.16, p<.0l).

Whistles S6 (.10, p<.10) and 'S7 (.10, p<.10)

‘showed only a tendency to. increase with cloud cover,. ::Clitk

activity, hovever, i greater ynder clear skies (-.17,
g<.01).: o RS ‘ CL
Swell ‘height was net siqnlﬂcantly correlated with ™
whlstle total numbnr (p> 10), but’ there was a murqinally
sxgniﬂcun: 1ncreas¢ in numbers of 81 ( 10, 'p<.10) and 'S5
( 10, pée 10) whlstles, a‘nd in click uctivxty (.13, p<.10)
with higher svella. Signlﬂcuntly greater numbérs of N
whistle type 56 weré also heard with an 1ncraase m swell .

height (.12, p<. 05) > * o et




S

g0l § e B . 56
While yave height’was not’ signifxcann{cq:relaced witht

total numbers of whistlas heard (p) 10), fewar pulsed sounds

(=.20, p< 1) and cllcks (—.25, p{ 0].) wg;s hﬂatd when waves

- were higher. . Counts of whistle ‘eype. 53, in addition, were

E negaci‘vé;y 'conala:eg Wit ave heiqnt

<12, p<, 05). uh .

R . As.uith vave height; wind spead vas negatlv:ly
E currslated with pnrti;ular y pulsed sounds (.-.15. p<.01) and
s clicka (=223, p<.o1). “'There vas a tendency for Eewer s2
(i1, pe 10) and 53 (-:09, p<.10) vhistles to’ ‘be Hearaat. - - - .|

—: ey -'«hiqher wind speéd!. Peuez S5 whistles (-.ll. p<e 05) were

1 e * e S haatd wh-n 1t was ‘Windier, -but whistls total was rot

o 00 afEented (p>. o). = 7. ¥

e 3.5 ‘Behavior with contextual variables

« ', IMannWhitney U test] _‘" Tt G o FEN R o

Only whue engaegad in surface active behavior were I

whales spread over a sigr Tasibly greRtes abek (p< 05)(Fig.
© - 12).. This vas aupu;e a tendericy for group sizes.to be : - o

e eth, b smaller diring ‘surtace active behavior: (p<.10): Group sizeb

were nmauer (p<.05) when. dl:ecf.ionul bahavlor took place, X - :

e ) "¢ but whon milling,. larger' numbers, oE whales were p:eaent
[l B ','/(p<05). v b . ¥oroa
) B )7 The nunber ‘of ‘podlets s 44 1 not ‘vpry signiﬂ.cantly C i

W zelatlve to tne b-mwiur os the Eollowed group (p>.1Q).
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Pig. 12. Relationships of contextual variables (area over
which whales were scattered, group size, proportipn of the e
* group heading -the -same direction, speed of the whales,
number of birds present,’ and distance whales were from the
boat) to behavior °(D - directional, M - milling, SA - .
surface active, H - spyhopping). Black bars indicate the
presence of the behavior; white bars, {ts absence. In all
. bar graphs, means are represented. Significance,; however,
“was based on nonparametric tests because of non-normal
‘distributions. Especially "area” nn%) group size" were
very skewed ‘and kurtotic. The means presented here thus
have. limjted value.  Sample sizes are 1ndicutad above each
bar (presence/absence of'behavlug) p<.10, * = p<.05,
&* = p<,01 indicate differences etwean values during the
behavior and during -its absence.
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_ During directional behavior, a greater ‘propo;tion of
the whales were heading the same direction (p<.0l). Thiy is
not remarkable, since directional behavior was defined in
this way. While milling, whales were moving less in unison
with each other than when not milling, with'a smaller
proportion of the group moving in the same direction
(p<.01). : )

Pilot whales moved faster when engaged in directional
" behavior (p<.0l) and surface active behavior (p<.01). In
contrast, whales moved significantly more slowly when )

mill¥ng (p<.0l) than in its absence.

A significantly greater number of birds wasspresent
while surface active hahlvior took place thn when it did
“not (p<.01). During directional behavlor, fewer bifds
tended to be present (p<.10).

More spyhopping was ‘seen when: whales were closer to the
. boat (p<.05). ' .l . .

Y \\' i i

Surface active behavior was the only behavior which .

[Cramer's V chi-square]

vutlad ngniﬂclntly from d-y to day . (Cnmer'! V-.JJA'
1_)(.01). From Pig. 13, i:t seems that’ surfﬂacc active behavior
* ihcreased gteadily until it reached a peak on 28 July. It
then, steadily, decreased in relative oécAuruncn until 30
5 July when it levell : -

 off to 31 July.

. - Surface active behavior was alss significantly related-




Fig. -13. Variations in surface active b_ah.rfim[}ler days
(stars) and pod identification numbers . (bars reprgsenting
the amount of timg the -pod-was followed). Percentages of
time surface actwe behavior was present are given, Sample
o sizes are as follows for 24-31 July: 6, 24, 29, 34, 20, 37,

10, 35. Crafler's v = ,334 (p<.0l) for“date; and .282
(p<.05) .for pod number. ' .
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62
to the pod identification numbef (Cramer's Vv=.282,
p<.’05)(‘Flg. 13), probably bécause of the close relatipnship.
between pod number and date. Here, the relative occdkgbnce
of surface active behavior peaked with Pod 5, and formed a

z >
smaller peak with Pod 3. There was a dip between the two

peaks at Pod 4, which had a small -sample size.
'E

.. 3.6 "Behavior. with envi 1-variables . .

[Mann-Whitney U test; with timefof day and windspeed, used
_Cramer's V chi-square] )

" Whales were over déeper’ yater when enqaqed in .

dlrec:innal behavior (p<:05).and surface active bahavier

(p<.05)(Fig; . Spyhopplng also tended to occur over .

desper water (p<s w). (Mi1ling, however, took place over
alqnulcuntly shallowar wzn:er (p< 05))than did the absence
Y

No diurnal variatiods m any beRavipr were slgnif)cunt

of milling.

(05.10). A @t

Cloud cover showed no signiﬂcant re1.uonsn1p to
hahavlor (p) 10). b w * 15 ;

suau,s were 'significantly higher When surface active

behavior occurred tpg. ns), than when it did.not. "Wave '
naxgnc, how-var, bore no significant ralar.lonshlp to ¥y

behavior (p>.10). |




T

Fig. 14. hlutlunlhlpl of enwvir variables (water
depth, swell height, and wind speed) behavior. (D -
directiogal, M - milling, BA -‘surface,active, H =
spyhopping) . The left-hand bars of ea pair (1nd£cned
black 'in the upper two diagrams) repr t the presénce of
the behavior; right-hand bars (white, he .upper two
diagrams), its uhnncc. Means are repre: nted for depth
and swell height, alt significance w:

parametric - tests. cznc 's V = ,265, p<. DS for wind speed
and milling, and .247, p<.10, for surface active -behavior.
Sample sizes are given above graphs (presence/absence of
behavior). The lower two graphs have the same n-pls
sizes. L p< 10, * = p<J05, ** = p<.Ol.

s based on non- .
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[Cramer's V chi-square]

Wind speed was signiffcantly related to milling
ben-;vior (Cramer's V=.265, p<.05)(Fig. 14). Wher; there was
i very little or no wind (Force 0) or strong wind (Force 6),
whales were more f::aquently seen to‘ea milling.

There was a tendency for surface active behavior to
vary with wind speed (Cramez,s V=.247, p<.10). In wind

speeds less than Porce 3 or during Force 6, surface active

= L ml behavior was more frequently observed.

3.7 Contextual variables with each other

Kendall corr. coeff.] '
(Kencal cog |

g:eal‘:-r area (.20, p<.0l)(Table 7). The smaller the area

: over which whalés were spread, the more thiey moved .in unison

wL:h one another, i.e. with a greater proportion of” whales'

faster when scattered over larger areas (.15, p<.01)1.. ‘The

o 5 ‘greater the area the group of whales covered, the mozg birds

were seen (.21, p<aol) . #hales ¢overed greater areas during

the earuer days of the study (—.14, p<L01).

The greater the number of gaimals in the group betng

followed, the fewer surrounding podlets were seen (-.25;

"p<.01). With larger’ groip sizes, coordination:-between

animals broke down,

As’ expected, larger groups were scattered over a s

neacunq the’ same direction (=125, p<.0l). ‘Whales also moved .-

., a smaller propor({ipn of the group ‘
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Table 7. Kendall corréfation coefficients relating.
_—contextual variables (area over vhich whales were scattered,

group size,

© heading the samé direction, spe
b rds present, and date), with each ‘other .

number ‘of podlets, proportion of the group
£ the whales, number

x of
sample sizes (N)

-~ given in paronthnes
4- = P<0,10, * = P<0,05,:** = P<0.01l.
Group L20%% ¢ : o .
- -~  Size (193)
‘No. of ' =06 -,25% s
Podlets (180) - (180) . N
. ~ Proportion : =,25%% . ~,22%% i~ 05 '
(187) . (187) .(179) :
. . - - e i =
- © speed LISWR 04T =020 17w -
2 . » C(I91) ' (191) - (178).1 (186) s
ot éu'. of L2l L16% 04 -il2%- .
4 . Birds (192) (193) _ (179) - (187) _ (1 f,
" pate S 4% -000 =05 5,03 - 5
: (193) (195 (190) °(187) 194\,
‘ by
= ; — .
., Group No. of Prop'n Speed ‘No. of
. size Podlets ... Birds
-
3%
5 1 4
s o ol ‘v
" T %5 .
x X ) o -
= N 3 o Ty
' \ ) . <
y . o i
& ) ? E% i
5 .

i
i
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‘travelled in the same direction (-,22, ;(.Dl). More birds %

were ;z;sen; whep thefe were more whales in thé group (.16,

p<n1). B 2 7y - ’ T
Tihales moved gastef (.17, p¢.0L) and Eever b'uds were *

+ present (-.12, p<.05) vhen Hhales ‘moved mare in unison, with

a greater, proportion of, .the gzaup* heading Efie same’

‘direction. In general, tewer birds tended to be.,seen. when

W R T R

% el o . . . 2 i
3.8 . Contextual yith enviromental variables ' .

';[xundau.noér‘

‘When Whales were over: deeper wat'ai, group’ sizes were |

significantly mriez'(-.icy B<01), Bt more: surtoundxng

o

podlets‘ware present. .1a, p< Ol)KTable 8). . Whales vere B

alao found over: qreatet dqpth earuer in" the. -tudy (- 47,
p< J01) ¢ % ‘4 '. . 5 % i

[Analysis of variance] . . Gy By S o

‘with mean numbers baing arger sm m 00-; Za2.00 hra‘ (Fig, =

15). slighq ppaks 1n;mup,.slze occurrad at. the- 12 00—14 no % TR

hz.pand 18, 09‘22 00 hry timu Lntﬂvuls. Smpla nizes, _‘

'2 00 04. g0 hr:E. in this

‘he uhsm- spesd was- greater (.i1 p< 10).v o .
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LE = 5

[ 2w el T8
I Tabie 8. Kendall correlation coefficients relating .7
| & :

; contextual variables (area over which whales were scattergd,
group sigé, number of podlets, proportion ofthe group
g . hewding the same direction,.speed of the whales; nuiber of
' © + birds present, and date), with environmental-variables
W « (water depth, -cloud cover, swell height, wave height, and
wind spe€d). ' Sample sizes (Y) are given in parentheses.
. +~= P0.10, * =P<0.05, ** ="p<c0,01, ' . N

Water . Cloud Swell
o Depth __ Cover " Height’
" Area . .05 L0607 ¢
. ©osmy e .(1ese . (18s) -
JGESUD Tt - o= 16%R G 20%% © Z08) s
fsize | . {158), . . (187) (187)
D timol o L Cisws olog 128%%
Podlets:: - . Y (158). (.188) (188)
< s, Gl ;

“Proportion -t .00 =L03 ) T L04
- (s med o {179y,

. speed: 02 - E Jea Tl aneR
B ss) . (183~ ; 4183) .

=01
(1

¥

C -0 .06
L~ e(186). (186)
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"\ PODLETS 4.

i SIZE | 4
Se BN g e,
NO.OF "3

Yo e T Lazel s 24 . e
L7 16 162124192630 18 4 6 5 11

. , 2 8 - 24 . 6 -
161621 2419263018 4° 7 310 ¢

'SPEED"
(knots)

.t ™: , 'TIME OF DAY

Fig. 15. Diurnal variations 15'contextual variables (gxoup
-size, number of podlets, number™of birds, and whal

speed) . True means were presented although sign icnnce was
based -on pumbers with square-rodt transforpation: sample
sizes-are indicated above each correspondifig bar. F-values
1 for 11 a{f. and their significance are qiven on the right=
hand slde. * el <.05, ** = p<lol; S




of pédiets!;séeed; and, hunber of birds, respectively,
-~ because 'these parameters could usualljdgot be. ré‘l-_ia:rfl/y .
.éése'ss';ad at night. P . s
‘ - ‘Diurnal differences in the r‘\umber of podlets seén were
l'.l}signiﬂcant (p<.01). Hiqhei’:mean numbers of podlets vere
observed during the morning (06 00-12.00 hes.) than at other
-, times. Aunaugn the speed of the ‘vhales varied with time

(p<.05), no.trend coild be discerned in thé fluctuatlons”of

B P‘igv 15. " Whales were on average slowest, howeverqf during ..
the 16 00~ ).8 00 hr\ time period. The nun\ber’o,{ b}rds ‘
pxasem; was related to time of day (p<.0l).. A very high
peak oécurred at the ra,no-zn.po hr,, time interval, andla’

{ . much lower. peak, during the 08,00-10.00 hr. ci_mé perfod. -
P : ¢

i [Kendall corr. coeff.] - -

o 3
.Group sizes were 1a¢ir when there was more cloud cover
(.20, p<. 01)(Table 8). Wh?!.es were movinq faster (.21,

p<.01) and more podlets were seen (. 2a. p<.01) during mgh'ar

swells,~ ~With greater wave height, whales wers also’ moving

L faster (112, p<.05), but fewer podlets were obaerved (-.31, "
! T . pe.o1) ana ‘group sizes were: lafger (.14, p<.01). This was
K also the case at higher wind speeds: whales tended to go
I ) ‘ 'Easter (.11, p<. 10), fewer pcdletu were seen (-.26, p<.0l),

_and grolips were larger (.19, p<.01). In addition, whales

tended to be spread over a smaller area during high winds '

i
|
i
|




(-.10, p<.10), despite la;ge‘r/groups. . .

L. . . w B
3.9 Environmental variables with each other
[Kendall corr. coeffy with vfindspa_ed, Cramer's V chi-squara].

Y g 8 B I ;o

5 While whales were over g:aater depth, !kiea were

- cloudier (. 14, p( 01), grells’ were “higher (.29, p<.0l), bur.
there tended to be less wind (=+09, p<.10)(Table 9). Wind

. 'speed varied diurnally (Cramer's V=.334, p<.0l)(Fig. 16), .

with highér winds more common during the afterndon, and late

k ‘evﬁninq (N 00-22,00 h:s ) than at other times. Winds were

calmest in the early morning, especially during 04:00-08.0Q

. hrs. - = = A
:‘v'lhent.tr(erev was more cloud cover, waves were higher

;(.33, P<.01) and wind- speed- was greater (.29, p<.01)(Table

- 9) Wave height was naturally Highly a:ieccaw\wxnd spgud

( 61, p<.0l), in contrast to uwuu height, which \lecreased

with higher »_xnds (=.11, P<.05)- T Y
; ) » = g . £y 8 b vcom
3.10 Summary i . '

}‘ha rates at which different. soudd types were héard

within sessions corr‘olnted very slqnxﬂcanuy with each

other, ul:houqh this ‘was leas the case with simple whlnle
S1 and S2. SI wag especially weakly correlated u&n htcka

and .pulsed sounds. _Whistles S1 and 52 were heard more cftan
P e n . i




of

o v
Table 9. Kendall correlatiom. coefficients. relatjgg
environmental variables (cloud cover, swell heifht, wave _
height, and wind speed) uil:h eac’h other. °

i ) .+ = P0.10, * = PS0.05, * P<0.01.
| :
i su.u Height .05 3
¢ * . Wave Height L33 04 g - #
i . Wind speed - W29%% EIS P LN 3 L4
{ 1 Cloud. = swell . Wave
i ’ . _Cover Height Height
bt
I
j ot ’
F

i A

w ®

w o~
’) a-t
] o 2
s o &
i 2 g
| L
i L X
j ) g F

. y BB EESE
FORCE: 0 1 2 3 4 5.6 .

of ‘day. Crumar'l Vo= .33, p<e 01. |

Fig.' !.5. Variations in wind speed (Buutort lcah) with time -




i luz‘garnand scattared oyer ‘a’greater area. More birds were Rt

especially with intermediate th!tlve -85, Both S3 and. S5

"nu,mhem of ss'increased most with water depth and showed the

~“whistle was most common in the ‘late morning to noon-time
3

. . . 73,
-during milling but less often during directional benavior.
During milling, group sizes were* larger, and uhales were
moving mors. slowly, ovér shallower water. ' The opposite ‘
happened during directional behavior: groups were smaller ~ °f

with a greater proportion moving' in the same direction, at

groater speeds, over deeper val:er. S2 was dlfferen@&ﬁom
other sound_types in that only this whistle was ausoc§ ‘
with the variable "proportion of_ the gtuup heading t
direction®,. More S2 whistles were heard whan'uhales\&{%

moving less ‘in unison, with fewer animals

ading the same
direction, as was m:‘vra common during milling \Genbl
whales moved in a less unified manner when the, group._vas e k.
also present duripq these con'dit.lonu.

. - Simple whistles S2 and S3 were, on average, the most
common whistles heard overall. However, S3, unlike 2, *was-

relatively highly correlatad with other sound types, ST

whistles did not show significant associations with' any of
the behavioral states measured in this study. Like all

P N y &
-sounds except S1 and $2, they both increased.in numbe

more pudlets were present, which occurrad over deep

and when "group si'zs was smaller. Of al!. sound types;

most statistically significant diurnal variations. This -




i
i
i
1
i

i
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period, apd\ least common in the late aEtornoon. Other

whistlu showed unuar dlutnal tnndu, with acoustic output

" usually higher durlng early -omxﬁg {04.00-06.00 hrs).and -
in' the hours before noon (10.00-12,00° hrs). Pulsed sounds
‘ and complex S7 whistles, in éon:rnt to th’a;‘other whistles,

tended to be heard more at night

rSurhl:s nctlve bahavior was the oan behavior during .

S N
which 1 ate whistle S4 in nu-baz. Cwnplex

S6 uhlstlea. which were very signi!icanr.ly eo:relatsd with
- other sound typl!, a1 increased with surfacd active

bohavior and, to d-lesser extent, with lpyhogptng. K

b\p.clllly more’ 86 vhistles-were: heard when more podlets
were pnunt. Complex whistle typo 87, while also heard
more often’ in con)unctlon with surface ldtlve bchavlor, was
. dhunquhn-d\ka- s6 1n that it was_ one of the vhtlues
least corr ’htad vn_l\ n:het sound types, in general. Pulsed
\gundu und’ s7 vhlntlaf tended- to occur together in the same
session and, throughout the analysis, showed uiuil): trends.
Pulsed sounds, more than any other 'ou-n‘d type, increased in
nuuim— whén more pcidlocs were seen. They were heard more
often whad surtace active behavior was observed during which

[~

_timc the whal: s¥were mov!ng fas and more blzds were' 'seen.

Clicks were lttangly coruelutgd with pulsed sounds and
»

increased with surface actlve behavior. More click activity
i

. ™=~—_was heard when group sizes were smaller, skies were clearer,

and when whales rr- over deeper .water., o
Ey v
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Whistle total was not related to group size at all.
Instead, the number of surroundlng podlets ptasnnt had a = ‘
gzea;er bearing on the totu number oE whis&les heard - du:tng
' ; each 4 min. session. Whales alao tended to produce more .. .
whistids intorai when over deéper witer, where more surface )
active behavior took place. ‘Suéfacs active Behavior “seemed
i '  toshov a clear trend over daya',_p‘aaking‘ on.28 July, midway '
through :he'l' study.  Earlier ‘in the study; whales were Equ‘nd»
2 over greater depth,’ . T L.z ‘ v

More podlets er !

erved ‘during the morning uhnn

. group aize was lower chal\ at athe: tlma. _Fewer podlets and
largat\ group uixss oecurrad, however, during: storm
cendicionu tof high wind spaed and waye height. ‘Whales moved

" zascez wth higher swuu, S

- In qunatnl, simpler whistles tended to be heard more

'durinq,lov-q_ctlvlty, restful bannviot, while complex

whistles occurred more in conjurction with very energetic,
O t;ootﬂlna;ad behavior. Simpler wh'xsi:xss were- generally n‘o‘r’e

cmwuon, wheéreas complex sounds ‘such as S'l whistles and

Fe pulsad sounds, were neard only rarely, Rates.of overall 5

vhiutltnq seemed to be aspecially high when whales wsru ’-» -

o * .0 spread out with podlets’ wxauy separated.




‘contact calls and, based on physlcal‘and

Data conutraints ! .

- CHAPTER 4 .= DISCUSSION 2 #

. Intzoductlog

Aﬂ:cr manticning the umna:ionu and prohlems with the
data, I will present backgrcund informatign on acoustic

communication, the physics of sound transmission, and.its

_relationship to pilpt‘vl‘gusvsoung; . I will then aiscuss

her

,chnracl-riulcs, theorize which Bound type might Ffunction as.

LN Ln pllot whales. Graded-acoustical ‘systems and their

correlates- will be zavi’eu&d, and rules relating uour{d

structure to motivation in mammals will be’ presented tq

‘offer possible *meanings® of ‘various.pilot whale sounds.

Results of my ahalysis are then-directly discussed at
length, relating vocalizations to behavior, énviromment, and
other ccntexts. Discussions of variations in fséIing
bshnvkor and of signature whls:lu are also glvan.

v

/i

Y Befnte p:ocaeding further, it is 1mportan\'. o note
_constraints ‘on the 1nterpretatlon of ‘these dnca. They. are

“basa_d. on the assumption that the vocalizations heard during

a reccrd‘inq session were emitted by ‘the samé animals from . |

whinn behavioral and contextual data were, taken. other
words, vere, we hoazlnq the same uhalss we were observing, or

did' these sounds come from-another falrly close podlet?’
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¥ . behaviour of reactors™ (Krebs & Pavies' 1981), can taks.place

) o
Podlets were usually:at least 300 m further rom Us, than the

; group we were following; so differences in ‘sound amplitude

oEten .convinced us 'Of'the source.of the sounds. Moreover,

the'baha\};ot of different podlets seemed correlated ‘so that
observations of thet g:bup_we were following wm.;e, in E

general, reliable predictors of the behavior of the '

;. surrounding .podlets. Ohhszwhe. littla could be dond te '

* ease this uncat:ain:y.

. There are many scumes 6¢ variation when studyinq
) whales in the wild.” so uttle could be seen of the whal’e's
and their lndividual tntqpactlons at sea.that I was furce

t:o.u_sa group bahaviol:. a

vely qr;ude

% 1ndividua1 béhavior. 'In additlon, many purameta:s had to be

flez § estlmated. These factors coMtributed to considerable

"noise” iih the data. This was reflected in some relatively

“low corral‘auo}:'c_oefncianu (<.2) of the results. They
were utatisucany slgni!icant, howsver, .due to llatge sample

195 236) .

sizes (i Because of the. way the data needed to’’

be canactod,’ 1 believe these low, but sigfiificant, .

correlations {epln'unted real effects.
cation: . Foo i

ha pr:Qcau in which acton,me

«, Acoustic cormm

. Cnmunicution, or

.specially designed signula ot‘dlsplays to modi!y the - ¢
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by ecological and social circumstances. Acoustic signals
“have the ‘advantage that. they can be useg in habitats or
conditions where vlslcn is restricted. ey can also be
-transmitted over relatively. long latances; sepEelatiy .
"water wherd the. speed of sound is’approximately.d.S times
faster :ﬁ:n in air (Gianc31i 1980), . Inssocial 'ai:uanm{s.
.when complex information must often be ralayed over a' short

-period oE time, - the auditory channel is” particularly usaful.

*. - sound is’ sasuy nodulated--enormous numbers of signals can

.

be, broadcast by rapid changes in frequency, duration, and
harmonic structure (Krebs & Dav_195.1951); -In add_gt,i.om «
‘Sounds- aan be ‘patterned qequgntlally to greatly-{ncreue
1nfomucion con:ant (Herman & nvolga 1990).

Anima! sounds can be readuy clusifled 1nto uculuqlcal
categbries dealing with: 1) !ood pmhlim, 2)‘ Avoldance of
\gda:ors, 3)'reproduction, and 4) group movemedits (Collias ‘

1960). PBilot whales probably .do not suffer substantial
losses dueto. natural predators, although little is known
(Sergunt 1962)." While many sounds may be asaod;ted, wlth
raptbductive behavior, only duta pettalnlng to genetal group
behaviat vere collected f£6r. this thesis.’ Naveztn.elass, it
ssems.ptqbable that the qréatary’of. the ‘ocal repertoire’
of the:, y“.ot whala _is devoted to "food yrob!.mns‘ and the’
Ersquantly\talatad “group movements”. Singe puot whaha

arb hced wlm the problsm of catching one of the tastest




% i ) . i 79
it is not surprising that complex behavioral routines (e.g.
cooperative feeding) 'have gleveloped as a consequence’ -

{ a Acoust!c signals, 't then;” bcause of their potential to‘

transmit large amounts of complex. information. independentrof

’ » Visual range, séem.especially appropriate mauns by Qh!‘ch to

. .., 4 mediate coomdinated actions of pilot whales.,

-Snund transmission

The major’ problams in'the transmission of sound are
idsl\tiﬂed by Wiley & Richards (1978) to be: 1) attenuntion—-

the sound gets lost in_ the background nolss, and 2)

: degr_adal:i?n--distortlon of the sound in its »pas!ags through
the anviro‘nment. In a scattering environment, attenuatior}
effects along the axls of propagation can be “Lessened by the

~ use of a sound with wider rmﬂat!.on from the source, than

{ 3 : one with- a 'more narrowly baamad broadcast (Huay & Rlchatds.
;1978). - Wiley & Richards (1978) reason that- ‘tonal signils:

3 which Eocus .enexgy. in a narrow band of frequencies but are
not very diractional, permit a greater received signal/noise
.ratio, and o, extend the range of effec\:ive transmlaslon. "
sspucnuy s:squency—moduxatod upsweeps (like whistle §3)
are least lik_ely to be lost in background noise bocnunm
sounds with these characteristics contrast most With they :
physiul features ol ugual ecean ambhm: noise (Hutk)ﬁ &

Schevill<1979). A. ft-Q\ency upaweop migh: also permit' a

. receiverto: estimate lil distance from :l\m source by

|
|
i
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P co-paring intensities oE high and low frequency components
3t of a signal (Tolstoy & Clay 1966; Wiley & Richards 1978).
Tonal ,signalu have the addltionul .dvannéo Eor long-range.
communication in that both Erequ,ncy and n-plltuda
modulation can be used to encode information. In
particular, Wiley & RicRards”(1978) conclude that.'fo: ;
rapidly. tranlnlttlng /large amounts of l.n(nmution to maximim

.. range,. signals should cohsist of tones modulated i

Therefore, \thhtlol, as puze—ton- sound!. seem well’

suited for much of pilot vhnla comunteaﬂon. + C!.!.cks, which”

5

|

]

| V.

§ - !zequency'
i

!

i are often thought to be highly directional (e.gy Norris et
} Pt o .
] al. 1961; Norris & Evans 19665 Evans ot al. 1964), have  » .
¢ their eneigy spread over a wide range of frequencies. They
{ would therefore be more quickly sub\urwiﬁ the

B background noise. If, however, the position of the receiver

is a 1y known, : am clicks may be of¥ective in
overcoming transmission problems {Wiley & Richards 1978).

Such directional lou‘nd sources also reduce the effects of 1
% r'avarfza:utlon (Hucy i Richards 1978), which may be a ¥

- problem in uhnuow watar (Hutchinon 1930). However, Wiley & ' .

Richuds (1978) state that’ "becnulo wld- lptctx‘um s}gnula », (o

28

nmst ,raly on amplitude mud\rlat:inn 3" ncodc lnlomtion,

Fo " -uch uiqnul.n vnum pcmit tha I:nnnmluion of little
S R

¥ 3 xntomnon in lonq-nngc comuniutlon'a ‘rnnn!on, cuck- LR
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“to.encode"

3 -oau’xa ted

'mh uopld

neuly as mich infcmtidn al do the fnqﬂency-’

vhiu:u-. i€ is unuknxy that the

}lorio“

m to. be espaclally r.ru- for ths concace cau,

*“.which is one ‘of the comtonsst categories: ot calls (s:oun :

C1975). It 1: qlv.n ber.uean lumbcu at a pnlt, Emu.

brood, or tlock to_help keep :he uoclal unit toguthat (Brown
1975). " -In pilot vhuu, a cnntact call uould probubly have
to eovy the I.arg”t distances in tM qru:nt number of

directions, i.e. be e-nl-dltecnonal as whistles are.

Contact calls '

Based on the physical characteristics mentioned above,

the most likely whistle to function as a contact call (if

indeed one exists for tno pilot \vh-l.o) would be S3. As a

whistle, it is o-nl-dlractlunah

it could presumably be heard above the background noisc over’
the greatest range (Watkins & Schevill 1979), nnd moraehr,}
< might allow. tho receivinig whale to estimate its distance

£rom the caller (Tolatoy'& Clay 1966) Wiley & ‘Mqhardu‘; ’_/?

1978). It vas also the.most ‘ommon whistle s most. .

r:orrout:-d with other vnhth typu and was not associated

d as a freguency upsweep,




e

. be exchlnged. A forn of Hhistle sa was, auo suggested to

nd ‘that \:his

Clark (1983)
cul.l ln riqht whgles.-alw a;

functionad- as_.contact eall.

Dx‘eher S Bvan! (1954) found a 2 1

hignost redundancy (Schleidt 1973).‘ In tne case oE r.he
contact call, little more v.qar’ )e lende:'s Locatidn. (ank
poaslbly identity) need be ttanmi:ted

Schloldt ( 1973)

tnaothuu tha.t a conbuct can should bs juat 1oud enough to

carry ova: the. mximal saﬁa dtatunca £o be uway trom thg'

next neighbor.

He

that if these galls

!

. con:rol group coha bn, an lncreuu in ambtant‘ nolse nhauld\ S ¥
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decréase’ the- spacing 4n the group,

1ncreash in signal strength. Thls may explain why pilot
“whales were :ound to "huddle"’ ints larger groips and forn /

“fawer podlets duting storm ccndltians of " ‘hxgh wind s eed and

- wave height, which adversaly affacted thé\ranqa of signal’ ",

trgr\sﬁ\isslan. In contrast, Hhalss were sp:as\s out into /more -

-podlets dur1ng the morning when conditions wers calnest (and

thus, with least. background noise present (Albers 1965)).
& o [ NGRS

 Gradea signa

\:‘ Taruski (1976). found that*:here wére no’ clear futually

= lxtﬂus)ve pilot whadewiisele typss. He noted ‘that wmsue
shapes could be afranded in a continuum such that any’
particular whistle could be daxivad from any other) ‘through
‘a series of intermediates.”’ This is in agrgement with my
gasuxcg.'(Appandx)s A, Test 3a). Pilot 'whale whistles, then,

,seen to ‘clearly be .}raded signals. 'suc‘r\ sound types also

"\ .occur-'in many primate species, mcludmg the _chimpanzee

(Harle: ~1977). ‘Ptlmte speci‘es, n which most or all of the
vocal repertoirxe consisted of a single-graded acoustical
‘systen; were ‘characteriied by the absence of territoriality,
greater group size (ab-snawnan), and more complex troop

! “organization resulting from the presence of several adult

\mles (Harlet 1977). The closest cottelauen between
discretely organized and qraded vocal repertoires occurwd

with territorlality‘ Non-territorial primates seemed more
" v . s, N

.




(B?own 1975)) and mdaed, there is no evidence that it

11‘ke).y to develop graded vocauzanons (uazm 1976). The
nbove Eeatures nE primate spscles with graded. signals may
 also psrtain to pﬂm whale scci(:). 1.5} rerznonancy
‘ would seem unnecessary ,nd\lmpractical for pilot whales

(ocsamic fobd resources could not faasibly be dsfended

|
exi: ts. Pllot wh@lea ahou evidence of complex sacial 2

czganuauon, with more than e adult mate usually present

1n “a pod (Sarqennt 1962) .
_Green & Marler (41979) ulao propose thlt graded slgnals
Would be more; prevalénk ‘in lsccial species in which |
"tndividuals are famtliar with their to115% gidip meiberes.
If interactunts are expuianced at. cmnmunipatin th each

othar, signals would nnt have to be.as cmﬁplete or disctete.

Green & Marler (1979) balisv

€ that potpoises and “whales, .in

addition to. prinates, may bxhibit \mse soptal’

charactéristics. ' \\

+ -3 0y o i e Ty

, Marler '(1972) thaorizes th!t graded sounds Muld tend '
to be used more at xsxauvdyw Sloas-sungens Wiske bacx\up
visual cues, for instance, could be provlded to decreuse

ambiguity. Graded sounds, while more 1iabla to

m’isinterpra:atlan than disc:ete signals, auuu for the

’ l:omnunlca!:ion Of more refined information (Marler 1976).

_ ey have the potential for conveyinq subtle’ an complex

{nfornation-about the state or mood of" the vocanzer, for

instange. Hawevei,hnarler '(1976) makes an! lmpantant poxm:-—




‘rLsivsr. In human speuch, _evsn though the sounds may be |

: wg do-ndt know how graded sounds are’ patceived by the

ded, they are nevercheleu\s perceived categorically
(Pihsman ettal. 1961). Until we understand the. perceptual

pkoceg\ing ‘of graded soundu.(whethe: categorical or

b continuous), their communicativa ‘significance,will remain:

.Fhiddan (Harler 1976{. §d,. even thougl’L the vocal wpertoire

of the pilot whale appears very complex, ‘Whistles nay be

.

*categorized” by the recelver into a relagively small number

of ssgnai types. ‘These; however, may or may not correspond |

o)’my clussiflcn;lon based on whistle contour.. The pilot
-whales may ‘even by uasng acoustic parameters¥that wg do_ ot
yet use’ in our anllys(s.. > N o 3 '

Mctlvation 1 rules in. mmalian sounds .

Hy principal aim in this thesis was r.o examine the

* sccial ccntext in which sound! were made to gain insight

¢ intn their’ function and signiﬂcance. However, it is

interesting to'note that; generally speaking, the mére

physical structure of’sounds may give clues to’the

motivation underlying their use ma:’:o'n'lsvﬂ. This general
rule mosuy perui.na to c!.hsa contact seunds, but may also
operate on soma long-distance or. breadcusr_ u‘us, eupecully
those mada by specAes llvlng in roups (Morton 1977).

“Morton (1977) proposed several rdles, of whﬁ:h dnly those




when ‘the vccalhez is hua:ue.

l:n cantran, higher

fzaquency, mo:-e pure tone~- liku aounds are- emitted whan the -

- animal is Erightened, appeasing, or Eriandly.

- 2) The higher the froquency. used, the more. fearful or

eriehdly the sepder; tHe lower, the' froquency, the fiore—

hostile the vocalizer. \ ¢ s o RS
3) The grenter the sound‘s harshness, the greutar lsl
_the, mote pure tone-

£ thq\

the aqgre;aive motivation of the sender

llke, the more fearful or friondly; rsgardless

frequency range’ used. ¢ \ o
st the ./

sound's quality, signify decreasing. nosun:y or increasing

- 4) Sounds rising in !requency. regatd‘
appeaeemenr. or fear. Sounds decreaamg in Eraquency '
1ndlcute an incrpasingly hostile. motivation., . , s’

15) A ‘sound whose frequency risés and falls e'q(aally or
is frequency canstant (but mldrange in the overall ftequ ncy

zange) -:eflscts confllct of motivation to approach or s

. withdraw from d sttmulus.’ A stimilus of "intérest" has beén

i
received by thé. sender, ‘i i : i

“6) species’ that often.join in’ graups, ‘espactally mixed
_spécies groups, ' havs.a pravalence of high frequency; * pure:

- tonal sounds in their repbrtoire, compared with specied llora
aggressive to conspseiﬂca which have m.{m: close contagt

i
calls.

:1v-1y ].ow Erequancy uounds a:e used et




7) A spécies with a’greater complexity of social’
:Lntar'act'ions will evolve éoune signals. contalning a moxe,

completa tange lof sound, qualltlas, rapreaenung une‘r
X R . e

gradations in, notivation. ;
since T was unable to'study individual interactions
~"between Whales, I could mot,determine which sounds.wére -

c‘mua contact: sounds' and which were assocla:ed with group . 8

behawion. " theretore, wost ot ths itove hypoEheses ssul no!
b6 dssessed with ny. results. However, pulsed sounds;, which .
are more “harsh-sounding® than -the pure tonal‘whi‘stles{\ars

thought “to occur .in jggressive contexts, based on studies on

captive cetaceans (Overstrom 1983). Clark (1983) also felt
thﬂt the "puluive Calls' Of _southern 'right whales were

aggzeuive signals ditacted at ‘other members of the group.
Whistles 5 (wavers) or st could be 1nterpreted ‘as - ’ o

:ef lecting ‘cqniunL_anot ivat &on pel hasud~sn—99—1ﬁt QS——bnt‘nu—‘-'
1

2 L it

evidence ‘is available to, suppo:t this, A prelimiQary
anuysis auggesl:s that in situa;ions of fear, such as when

strqnded puot vhn!as were towed out to sea. nmpze

whistles; mainly 53 whistles, were heard. It is inliKely,

h'o\;eve:, that all §2 (d;nxeasing in :rbquéney)\vhlsclas

indicate mounting hostility, and that nll 53 (increu!ing in
fraquency) whistles reflect h\creasing appeasement or .fear.

kil long-distance situations ys3 whuues seem to simply

iunctl.en as_contact calls, W Erequency contour s more a ]




N

rasult ef environmental salsction ptessures Eavuring .
nnhanced trarrsmissi:m properties (see abave) It ls claur,

hovever:, that pi).of. whalas hava a pravalencé a( pure tonal

sourds (whiuhleu) and are gregariouu. They are also a’

qucies with uppu:antly Jfairly cemplex social 1nteractions

4 and-a cortespondingly)completa range’ of sounﬁ quau:ies.

Relatlnns iips' between vocaiizations. and bahaviar b e By

My study suggasta that within one spng;es, the pllot

uhaxo, camplaxlty of aouﬂg and complexlcy of behavior alss
seen\r.o be related. The vary energetic suzfaca activs
behuviaz, during which.squid were somstimes: cnoperativsly 2

cnrtalled (see next: section), was accompanied by more sound

" kypes fncreasing in. number than any other behavior.

This is 1 £ 133400 Al qrfll

Inuraatingly, those 8ounds were alsc’the most complex ones—-

g7

/ /direction of movemet. - Here, simple whistles wvere ‘the

/ aoinds increasing in numbor. Norris & Dohl (1980a) found
that, in resting scﬁaou’ of spinnar fdolphins, complex
phonat ions'were nearly Ahuent, and indeed, schools were

mo!tly silent, '~ AR

Directional’ behavlor oppesite to muung ‘in .most ways
but net as energatic as surface active behavior, nhuwed no

particilar whistle type dominantly assoclated with it

_behavior during which whales wers uu—coqrdinate'dfin——eheh-—f
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i ’ K o 2 o E ,'.159'
! i R, =

- 5 In!t.nd' thon simple Ihlstles whlch incna:.a with? Illling,

s decnand With ‘airect fonal bghavicr. on- lhould nnenbet $.0 0 ‘,

thut ita significant effect is £ound. with regard; to

uulinq, the oppollta ttend would ht expdcteﬂ' in uluctionn

hehavi.or, and vice versa, since these two bunnvluz types
i :

B M co-prued mont of all. oburv‘lon-. I H

-"clark (19!3) aho found that, in rlqn: whaln, the

camplex!.ty of the mclal context ‘was directly ralutad to the *

complexity of sounds made.
g

He s:atad thnt "sounds \dth the o

predictablg’: Te

simplest. ‘were ‘assoct ted with | e

3 i long distance con:lql‘. un:untions while the highly.'va 1able, . i

acou-uc.;xy complex gnund types were uuocnud with groups s <l

© of !ocially active whales".

" Taruski (1976).related high

LR proportions of complex whistles in-pilot whales to high

arousal situations, such as excina'-mr. \(which corresponded :

. ," approximately to what I call "Surface active®), and stress:

“a pilot whale drive during which:whales " \ e |

“were killed. Similarly, McLgod -(1982) found an increase in

1/ complex whistle

~ whale phonations.

in pilot uhales after broadcast of killer

Caldwell et.al. (1970), however,

" - suggested the opposite to be true fo 3 bottlenosed “dolphins-=

* high arousal or émotion were related to simpler vhistles.

Gan.ral whistling rates in: delphlnldu have, -!’.lc beeri
e '
reported to 1nqxaun during streasful situatgona, m
. animals are ualnd, or hl relation to feeding (Calawsll &

Caldwell 19771 Norrh & Dohl 1980a; Hemnn 6 I‘avolga 1980),




i through the squid ‘school (Pig 1, p. 15)% Seve

Surface active behuvior was tha nnly behavioral’

uateqory in uhich morg. birds were saen and gredter click

nctlvlty was hurdl Spaad was_also greater- during uurfacs B

13

-attive behavior. These results suggasr_ that_feeding, vas

p taki g place whan thls bshavxox was abserved. Mordover, it
was klea:ly seen huw', on_one oecasion, whalesnnoved a: a
nigh speed in single - £ile, formed & ring, and “thei spuause

cogeeher ‘to ughtnn their cir:le, . After this con‘alling haa

op ably a tion of squxd 1y the center,

whales wera seen to engaqe in the typicnl surface ac:iva

e displqys of 1um;£nq, 1eap£ng. b:aaching, and s:reqklng

.squid could be seen in_ the' mouths' of breachirg whales or- el
the beaks of gulls which dove into the school. - Suéh herding . ‘\\

of ‘squid by the whales may bring the squid fairly close'td :

ths‘surfacé or may injure, them, muking them accessible to
p(égu'uu, which expxams why wiord: Mirde ivebe sun in’ .
uonjunqtlan with s'urgace ac:tva pilot whnlas’.\oﬁten whales
- wére first alghl;ed by the largeconcentrations’ of birds

. above them, Saayman & Tayler. 1979) ‘also found that the

. presence of guus scavenging- iish in- cunjunctlan with high-

- speed. chu.sng and Jumping. of dolpMnu, was enaraeeenmc of

|

|
e
g
i
|

1

|

l




eh% wase clicking. would be heard xn E!edl(nq T

e

humpback dn].gh\ns feeding Elos]
clicks have 1on§ been tmplicat: d

al, 1953, Norris\st al. 19615

aid in prey detacr_ ones ln capt
sessluns are chanoberlzsﬂ by q
clicking (Dren?: 1966\, Caldwelll

¢9na1ung of the|

. pi1ot ‘whale Eeédmg in

ind - des

Detezey

: ,‘,‘

to the suréaca. Bince

in auholofation (Ke110g3- ot”

rris 1969) it is reasonable

ve d_olphiIs, feeding .

st, very
« caiieid 1967),
ribed abope;'and perhaps

seem to :aqui:a a high level

of .¢bordination hntween graup members.

Infonnatiun needed *

ntense, continuous’

\
©* for this complex behuvioz\appeu s to be transyltted by

-~ x B
e cumplex !ounda—-pulsad son\mg, nd wnuuas s4, ss. and St ]

i : . Relatively' unéommon soundu,\ aucq’

whistle S'I‘

1n£omation (Holeu 1963).

querted :

ﬁesdin@ durtng the herding of
“et al. (1973) also suggest ehat
- probably plays ag importants rold

|
£ish herding-procedures of Tursi

were mov
. f}shavioﬁ,

S lncteasé

necessary at.or for higher spead

whistles, i.n parr_lcular complex

“would be expected to

as puws and %

conveg Hore gomplex . -

F\\ .
v

it spsclflc soundd

at ‘higher speeds in
histle. total ‘as well

Agnln, l-.his may impl,

anging olphins are

‘al‘.‘part{c’ula‘r séages of
ﬂfl (Ho:oluv 1970).
aéouscichunieation

\i‘n the m.gmy organized 5

é adung us.’ When whalas

an?rﬂly tggardless of

as numbe o of whistle s6,
¥ that the cnordination i
i.a lmedia:ad by means qf W

onas.k.«

Sdayman




miii.‘gg behavior~, . -
> Tu con!::’alt to mo vlqotous displays °§ surhua -ctivu

behavior, -tllh\g lee-s to be -ore of a nn!ul state. p

Speed was slower during. nuunq. and a. luuor proporr.lon of

whales. vu -ovinq in the same: dlnction.

G:cup- were la:qaz .

w fros Nt 1h. number,” ‘and whates wers found o

& shallower wa:or durinq

i doiphm

" this beh-vio:.

0 m&t over ‘idshore qhuuow unn.

'q\ Y p:opona o

shore rhy on ono‘uank. "1f protachion is 1ndaad i

].975]. 'hl*tl. 82 was aspecially bln ely usocxathd 'tth
-uung b-hapter. When ‘groups were lafopr, nql'tdhus of
click

.
b-hlvior, h activity was Mard.

x:;uy be_that

other v:halea 'can benefit frok a group member scanning ‘the
G T s

. environment

clicks, thereby relieving some whales from -

Porhaps only 8 fow individuals

the task of -clhnloaur.lng;

,.need to echélocate for tho qroup.

xr. my also be that less’

Worris & Dohl (1980) -mu‘ny found" spinn"'

/‘

- c].lcklng pccur!l in ‘the -uw comﬂtinnﬂ of large group size.-

_‘andshallow wuto: because nnaua- need not be as’alert to -

H R \:nei: uurrcnndtngl.

o3 B - T R




vare movlng more quickly and with more ¢oordination zexative

to ‘their ditection, over daapar water, \litl’l Eewﬂr birds

‘associated with them,

These conditions areall}wst directly

opposite those, that occurred during milling.:

Taruski (1976)

‘allso " found . '10111Ag" (milling) and “trensiting’ (directional

behaviox) id. pilct vhal.es quite dlffersnt #hd was, surprisad

¥ fiot to? iind dlﬁfarencesﬂ-n 'hair wm.s!:hs telative to thasa '

,behuvior types i Hy analysis did reveal diﬁietences (Eewe:

L simpxelunxsues hoard), ptabahl.y because 'of a larger sample

size ove: a J.enqer time period with less varidtion -in pods
(’l.‘a}rusl;l i1976)ﬂhud podl £rom different gqur:aphioul )

locations).

vm-nH ations nnd group si!a or

Contrary to equctationu, o whistle type increased in

on %

numbct- when more animals were prusnt.‘ There was no;, 1

varu:ion in &hisuing n:a with gtuup size. This could\

mean that, o‘hly a fodw key members oE r.ha gmup emitted most

of the Hhistlef lark (1983) considend this to be -the

casa wmr thu pulsive aoundl of right wnales. It iu quite

poss e tha,t thsre are large ﬂtff rences. betveen

indlvlduals in® vaca). uutput, as Cj dwall & Caldwell (1957)
have obsexved.

Turuuki (1976) owaver, found large’ pilot

" whale’herds to have a'much higher whistling r)a than.small,

herds, n'us has also been found with cuptive bot.t:lenoud,,

dolphins, Tursiops truntatus, wheré as the size of the. group




< % caldwell 1967). , As mantidned pzevxouuy, the passibility ¢

inc:aéses, the nunher of phonat/ions/animal/hour tends cg ¥

increase geométrically rather than a:uhmeucuuy (Caldwall

that podists other: than the Eollowed group. wete ncorded b
eannot dafinltely be ruled out thdllgh. T e

m ‘marked’ cantns:,-%mos: all whidtle typo,and heir

* total incraased in number” with more surmunding padlets N

. pnsant. Group siza and I:he ,number of godlets ‘presgnt |

& : hard is separated in o many podlets or whet\h%: indiv:duals

‘lthe sama genenl herd, whether

- km_which led him to’believe’

.in.a singla gr:oup are mcre dhparsed, sound plays & major

o
belonged to

varied taversely, suggesnng o anlm‘als a

i

Y
up into many snall podler.s. HcLeod (195@. heard very

5 similar pnonations £rom’ two podlets sepa:a:emy less than 1l

at these weré axpatt of the

L3 P el
same (larger) rd. Acoustié cumuntca’r: fon be‘zween podlets

of the sume hsrd may be vety ﬁngcttant in incegrpting

slmuar tq the maximum r;ngas ovér uhich wa could

whistles: his, idéa ts firther. ai'ported by ‘the; dxscovery

that mora whlstlps—of cetbain types vepe also heard when a !

group of; whales ﬁai ﬁpread over ;a qreater’ area.:, Whather a

5 ]
n one large gmup or. dividsd M




depth. ‘ smce hoth surface actiwﬁny n¢ cuck ac:lvi:y

| increased Hil:h depth feo iﬁq may have taken place ‘aver

.were smallet vnan directional behavi.er vas obsewed. e z_ t may

'a that! when the whalns are travelling Smaller grqups are

. ..
preferred because they are moy:e euily oc:dinated. ok

z:aordtnauian with :espect r.o di:ect‘io uf/movemant Has g
i deed tound to‘ hxeak down, both wlth lnrgsr q:o\ms and with
grnups sgraad ovarJa{ger araas “(which we:e‘alse usually
x rger).‘ bu:mg the-less active munng behavlor, hwever,

: uniﬂed behavtor appeu:h not as necessary and larger




over decrsused, and Eewer podlets were seen. As prev’iously

“mentiondd, whén spread ot Hoth over gréater area and ‘into

more podlets whales rely heavily m\ the 'acoustic channei of

St igdtion. ]

Dufing conditions of High wave height and

types, and especially the broad-

i

“'banded, more, ditectional sounds liky pulsed sounds’ :
4 . e

Aind speed; some whistli

nd

‘clicks (the one$ also most infiuenced hy distance), were
more. quickly lost in background 'roises Such interferences’
in transmgwsion can be ‘reduced by movinq closer toqethar. :

other addxuonu advantagas in txghter famatiuna, sdcn as

hydtodynamic ones, should ot be ruled out though. £

. 3

Variations with time of day

. N& consistent diurnal ‘trends in pilot whale

voc;uzation.ot behavior were discovered. Taruski.(1976)
. 3 i ) ) L
also found few differences in whistle parameters with

respect tqytime of day. In captive Turgiops truncatus, most

Yocal activity occurrad an hour or g0 bsfore sunrise, while

"1aasc phonatLons were generally e £rci21,08202 6,

(Pawell 1966) Feeﬂing schedule, hwever, influenced rvocal
‘activity’ and these results.to’ sqme sxtent (Powhll 1966) .
_Saayman et al. (1973) found no clear telatienship be\:ween

whistling rate-in captive T. aduncus and fime of ‘day,

although-less ‘vocalizations tended to be heard in the early
mornfng and at night. My results agtee more with- Powell-

(1966) in that there was a slight trend Eorivocal activity |

i
i




"to 'be,high during early morning} In, general, a weak pattern

o ‘higher. whistling ratés around midday émerged. "Codas®,

#pert whale sounds which occuyuos:ly in social contexts, .

were a]}heard more often during midday" when groups were
g were seen duzing mmmg l.murs,aand the * corres ding ;

inerdase in vocalizations:observed. dferwise (}é}udless of
" giurnal variation), vas mildly apparént for that time of.

- ‘day. ‘Group size, showed~peaks ‘around noor”and'in the hours '

! before sunset, - This agrees.with onse‘rv'a“:ions by"sa:-gean: .
: v . (1962) o’ £ound pods to gathen l:oqether before nightfull.
1 Quite !urpr!aingly,,click actlvlty showed no rélation-to
ti.me of day. I8was “expected that) ‘since the' piiot whales!
prey, ‘the squid Illox ‘ulecebrosus shows distim:t diu:nal
‘ve:tical qura:mn (Palmer & o'oo: 1975), more fseding, and

therefore, mote echolocating- would. take place dur}ng the

night whan squid would bu nearer the surface. There"is some

avidence :mc sperm thles Wwhich a].so feed ‘on’ equiﬂ, do so

i auzmg the' nlqﬂt (Whicehead e‘al.- 1983).

Sound :xp_ : | oA o
. Highest correlnions _occurreg bstween different sound
types.. Since a11 these, cortelations ware positiva, PR R |
apparantly no cntequry of !aund was used )ﬂn lsolstian, 1.9.

‘in the abSGnce q: the qther “sound types. Scunds u]most

. never. showea o‘pposing ttends xn "

givqn context uun one—

: Thge T ’ 97

largest (whl:ahead ot 'al.:1983). More pilot:whale podlets o

|

4‘




: 1ocation and ldantlty of the" »lender (Hole

‘-mundu are. very mthy co:rqlatad with cucx and

“sounds: wvere rarer.

'sounds hava been 1mplicated ln ‘pﬁotiunal" contexts;

3 aspeciauy vaggzesslve ones: (Clat

“rates (e.g. Bisnel' & Daiedzic 1955).

whiule type lnczeasing as another decreasad, Eor lns\canca.
In very general ‘terms, simpler sounds tende‘g to be more

A\
commori, ‘while complex sounds 1ike whistle S7 and pulsed

again, these .rarer sounds\would be*-
the B

expscted to contaln mare\_ niomutlon than smp
963).

Pulsed: .

1933, Overstrom ma), in

accordance with Horton s (1977) generallzdd ruleu. Pulsed.

are. Ehought, to be. alicks smitied at very® hu;n repstitifm -

'Signlture whistles v O

B-sed on studies on capl:ive animala, smne authors

believe tha!‘. almost all of delphinid wnistlinq can be

: a:tzibuéeg to -merely a sender stating its Lden ty by reans .

ofa 'aignatu!e whistle" (Caldwall & Caldwell 1965 'mis

.whisr.).a ma)( ) mokilfled acccrding to 'the mood

state of cha nndqr bul: baslcauy réemains che same. whist

reps ted ovax and cvar aguln (Caldwell i Caldwell 1977).

nhasa whiscle types wsre 'common and some whilueﬂ we:a

deed,_‘

3 emoti\)pul !

idan:leal .

B whiur.!.u appeand 113 be prasgnt 1n pilot whalaa. und 1

steiner (1530) found \-.ha\: Lndtviaual siqnac re

ave
4

A




b

. also come across whistles that ].ool?d identical on

o coml\on ar. dawn and at night.

b, : . - S

spectmgtams. In the course of fallowing the same general
~hera: oi pilot whales day ‘and nlghh for & week, I would -
ccncluds, thuugh, that whue these signlture whistles. may -
axist in pilot whales o sone extent, behav for and, context
lts mpch more intfma(:ely related to, vocalization. Eeuause' E -\

pilot wnales emltted ‘différent types of sounds according to

achind pnrallad the complsxity of the behwior, more

nfcmar.ion must be. t:anamitted hesidea )ner:ely the en\n:tez s

1de nnty. Ic is pnssible, ncwevet, that ln a nmple tank
environment, anl.y a small sublet uE tha individual‘s em:ire
“rej ttoiu‘ may hn usad. !

Sumnary - nf contexta of vocalizations. : ./ .
v i
ln sumary, uhistles sl and especiauy 52, wers - .

assoc ated with" muling, a restful hahuvior. Unliko all
"other, aounds, those did not an:aass with the number' of
podlets ‘present.

cau.' This is in contrast to’ Taruski’ (1976) who thought

i
|
i
i
Wiiistle 53 vas suqqeéied as a contact .. Tl ;
umaue 85 £unctioned. in herd cohesion, since it was most ' S
While I also ‘found that ;

whistls 85 shqwsd the most slgnl.ﬂcunt dturnal variaucns.

Whistle 85 was most !raqugntly heard’ durlng the late mo\rriqg

to ‘noon’s

i

4 i

" This whistle alsp anteusad mosk. 1n numer with - "
" 1

|

i

!




- ’ 100

deptn, comi:ared to othér sound ?ype!. Whist1lda 54, S6, and

| 87, and pu].sad sounds were associated lwu:h surface nccsva ~

%’ be}\\nviur, which vas possibly feeding. Dreher (1955)

j ,demo‘nstrateq that. when a triple-humped wt:ggtla (uke SG) was

|- broadcast. to éai?cxve dolphins, a high degreé of excitement

I was ‘uaused‘ in ‘the group, which responded.uith intenss

echolo aticm and a I‘llqh rate of whistling. . 'Seal‘ch

. wh&stlss" in the shape nE 83 were partlcularly hnvily used

[ : (li.eher 1966) “While tMs might\suggus: a Eeedinq
3 situation, no* conelusions can be dxrawn.L Pulsed 'sounds (and

{ possibly whistle §7) are t‘}!aorlle\dv ;\B\occur in "emotional™

5 el g contexts (Ca_.lr\h?su & Cal}iwél.l 197:.1;). based on previous ?

} studies .on captive dolphins, and on theit'relative .rareness.

. Clicks are "-lld'aly lzelie‘ve‘d’ to function in echolocation

.E bk (useful in. exploratory or search situations and prey

i

Y detection), and, in this study, were indeed assoslated with'.
: what were thdught to' be feeding situations. 2 5k
: L o W

! conclusion - \

1 ' In conclusion, most.pilot whale whistling'lis

) : : devoted to muintah\ing contact with qtoup members

A‘)cmrdinating and 1ntentnt1ng the mnvemenu of the

h . - simplest sounds'were emitted dutlng Tow: activtty,

behaviot, uhile more cnn\plex ~gounds océurred when

was vigor:ous and enetqatic, ana seemsd co involve

uomplex coordination among lndlvidualu .ol the group.
E ceee V. s d .

probably
‘@
herd. W

and

restful
behayior

more

his .




vl 2 S !
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’\le:.lo‘ 81 when the: wrtelatlons weu‘ Eui:, D# 305 (Tabla

10). 'mnre uuod to be a clea: @ulpondonce bctvoen the

2.analyses, although tagtelaion lines’either did not’ go

mnugn tne/ols,g\in, or have a slope;of 1, or. Bot; ro:

' whistles 52, §3,
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“s5, ana sé, as Lhay lhvuxd have fiad- if the.
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_quality code 0-—(!1qht Hand side’of ‘Table). v W ¥

Table 10., ExaminMon of self-rella‘buity in categotizing
sounds. The original amdly§is (first count) was compared

with a re-analysis (second count) using Spearman correlation -
coefficients: -Significant values indicate correlations .
between first and second counts; Correlations were carried k4
out using all 20 ‘sessions (lef: hand side of Table) and a
subset of only the "best” recording sessions--those Of .-

usms ALL zd szs‘,srons USING 14 "BEST" SESSIONS
Sig. ir -8l




sounds. ‘Linear regressions were calculated of the second
cotints, from’ ngg reanalysis, dn’the first, original, counts.
These regressibils

that_the slope of the.lines was t, and thé intercept 0. .

Significant values indicate that’ the;calculated ‘lines were.!

significantly diEEetent from those of. the null' hypothesis
Tests were carrieq out using 411 20 sessions (left. land 's
"of :Table) and ‘a subset:of only the 14.%best" srecording’
sessions--those of.quality code O--(right hand side’.of .
Table). * = P<0.05, ** = p<d.0L. Tests are 2-tailed t
tests. . St A B :

ysnm 14 -a!:sr' swsmn‘s
ot (=0?)

Table -11. Examlnatlon of "se. f-raliability An" categorizing .

were tesPed ‘against the null hypotheses . -




analysls) to laa:n to categorize aaundsJ 1 gava her'a ahort

demonstra;ion on how I Hould clas:

We then =

£y the sounds\
bbgan with the last tape: ana’ worked backwards, usmg only
the firat and third

siond: of eanh Eape Ievery other one)v

Wete piayad (and' li tened
) at 1)»2 real :ma. Speotrograma were
!J.ng a,ubiquitous Spectrum (malyzar. ‘Model U -ss, a

5103N munitor oscillohcoge, dnd a Nihon Kohdsn A

osc{.llosccpu cansr:a.. F,requancy was\disp;ayed ont l:hs y—axis




= £ 4 gy 13
and reels of 35'mm photographic paper were moved along the x-

axis at a_ rate

f 2.5 mm/Sec. The memory period was 100
msec. and sound intensity (z-axis) was indicated by
modulating the.intensity of the beam (intensity scale was

l.ogu‘iﬂ;nic). The !zoéuency dl:sphy was linear,” and the

analysis range of 0'- 5 kHzigave an actial output of 0 -
5 kHz (due to reduced tape speed). ‘ Bandwidth was 10 .Hz."

ion was' 40 spectn/nc. Since sounda 1aste§

above; the o-oillolccpo lcrann and nppaund on :l'\gE

nts (e.g.

|

: spccr.zogrus, where it Has used tor :lme measure
. whistle duration)- . 4 . .

\ ’ To malyu the:* rolults, 5 ndo up a catalog of the
Etsue contours the observer drew’ (24 different types)

(Hg. 17), ‘and a uataloq for my vnhtlc contour ‘drawings (20
diffunnt typc-) (Pig. 18). An‘atu-pt. was made to split up
“the \lhi.stle typts so that categotlzlnq the whistle contours

! would be, as’ “objactive’ and unsmbigicis as possible. °I went :

through all 'the sessions ~gnd categorized our whistle contour.
< drawings using our 'teu{)at‘:l‘:ivé catalogs. ‘I also rated

squloﬁu based on” the tape or sound quality comments, uith

the fo;.xquing qu-m-.y coded: 0 - 0.K., 1 - slightly to
‘tairly faint, 2 - ﬂalnt, 3 - very faint, 4 = background
.noitu (oj\ql’n-. water, or ndio nein), 5 - very noisy, 6~

mnny uhist).as. 1~ nol 4 and diutant, B = many sounds and
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drawn in frequency vs. time contours.
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faint. s #n . ' -
*Whistle categories were then lu;nped in the following way to
make our categories corraupond to each Other 1:1. This
resulted in our -each having 13. categories (Figa. 17 and 18).

Results |

i
Using a Likelihood Ratid -mr.’i (silvey. 19707, I tested
whether there was a’ significant di‘efezenc‘e' in how ‘the.
observer and .I counted the sounds (whlch depended on hD‘* we
*categorized® -or heard them), foi'each session and’sound
category. I assumed the coum:s for sound i .in session _1

were Poisuon distributed wlti! parameter )\ i3 for LSW,

_and M.y, for the observer. The' Likelihood Ratio Test

‘tested:

The test statistic was: g K

F= 3 200y In(Ly5) 40, 5. 1n(0; )= (Ly 140, 1) In((Ly 140, 1)/2)],

(when L,:j)o and °1j)°)' where L’1j is the sounds I hear of
typé i in session i, and 044 is,the sounds the observer

héars of ‘type 'j“in session i.

\

7




A Folsson

Under H,, E should be asymptotically distributed’

-‘as X with'k-d.f. In this case k is the number of

sessions for which both the observer and I had non-zero

counts. Significantly high values of F indicated that' the

- observer and I had different rates of counting the sounds;

and significantly low' values, that there.was more agreement
betwaen tr’ tHO count: than would be expected fran\ two

,with ‘the same . mean .

The tests were performed on each sound categcry

ssparately, and-on all sounds Gombired just 'using Grade 0,

sessions. - Counts of whistle categuries 4, ‘s, 7, 9, and, 11

. were ligniﬂcuntly diffezen: to at 1eau a’ .10 level (Fig.

19). The categories then ware manipulated to reduce the
|
values of ‘E:as indicated op Fig. 19. At the "optimal®
o oz
cut;qonzanon, there were:no'values of F si\gicnnt at the

.10 levelr i.e. there was no significant differdrice between

. the observer's counts and mine when sounds were categorized

1ike this. This "optimal" categorizatiocn turned out to .be
the one T Mad used in my origindl analysis (Taruski's (1976)
categortes). ' Heft; enslone WLEH pioblens Wers lsed, i
ord‘sr‘,to investigate the delaterious, effe of poor sound
q'\xa‘ylli_ty (Table 12). These sessionsQ(ean lyzed alone or
in various combinations. Only *hickground noise® (4)
prodiced a significant difference.between the observer's

i ey b
counts and mine'at the .05 level over all whistle Etypes

i
i



Fig.s 19. Examination' of reliability bPetween observer and
author- for whistle categories 1-13 (boxed numbers).’ Values
of the. statistic F (defined .in text) under the Hy should 'be
distributed as chi-squared and are presented witR degrees
Of freedom in parentheses.| Significantly high values . --
(p<.10) indicate counts between observer and author were
different. -Significantly .low ‘values (p>,90) suggest the

'two .counts agreed more closely than would be expected “from

the model. -Categories were: then collapsed. in the manner
shown to reduce F-values until whistle categories T1-17
were obtained in which there were no significant
differences (p>.10).
after categories were lumped.

# = p>.995, +.=p<.10, * = p<.05, ** = p<. ol.

S : ‘ ‘/‘1

Overall F-values are given bafore and’
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Table 12. Examination of reliability between observer and
author using different quality codes. .The similarity , .
between the observer's and author!s counts of whistle.types
T1-T7 over 109 sessions was tested. If the two counts.were
from Poisson distributions with: the same mean, then the
tatistic given here should be distributed chi-squared.
dagraes:{tg.gé?ded are given beneath each value of the

statistic. icantly high-values (* = P<0.05, + =

‘P<0.10) suggest that the two Poisson distributions had -

different means. Sighificantly low values (¥ = P>0.90)
suggest that the two counts agreed more closely than would
be expected from two' Poissop distributions with: the same
mean.  Tests were carried out for different subsets of the
data, based upon the sessions' quality codes. . The number
combination of quality codes is given
: 0 - sessions without problems, 1 -
slightly faint, 2 - faint, 3 - very faint, 4 - background
noise, 5 - very noisy, 6 - many whistles, 7 - noisy and 3
distant, 8 - many sounds and faint.

“
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Table 12. (see facihg page).’
Quai. N\ " Whistle Types :
Codes ™ T2 179 T4 TS 076 fr—ﬁ:u
0 477 37.4 37.4 40.5 35.4 36.2 32,0, 36.5 255.4'
 128) - (45)  (41) T(40) (30) (29) (29) (242)
" 11 © 6.4, 646 - 6.5 7.9 4.6 10,3 10.4 52.8.
U9 A 8 (9) (5) . (6) w(s)‘ (56),
2 017 7.6 8,6 10.8, 19.9. 9.3 16.3.-5.9 - 78,
. S, (18- (15) 4D (12) (85
307012 .59 12057 13,7 9.2 90 .58 6L
oo m ) an ans (9) ¢ (8) " (8) (57~
400005, 1,6 6,273 LA AT a2 36, 6
: (3) 48 €3 (4 (3 (3) (28
6 .11 8.0 11.6 8.5 3.3 7.7 5.5 47:9°
S D a7 a0 (9) " (50)
8 3. 1.4 0.3, .‘0.3#\1 5 1,70 209 Lo 1.1
.. (2" (3 (z) (3) . (3) (2 - (16)
2,4 22 9.1 °17,8 '14.5 24,2 .14.0 20:6.°14.7+ 114,9
B S (2))(18) | (18) (14 (15) 0 (9) [(109)
35 15 7.3 2005 15.8 13,40 10,4 11,2 -'8.0.  86.5.
7 ©(9)_T(14) - (14) - (12). [ (9)  (9) " (6). (73)
6,8 . 14 9.3°11,9 8.8 4.8 9.4 8.5 5.2 58,04
C(8) (13) (14). (9) €13): (12) ) (1) U@
0,1 58 43.8 45.5 46.7 42,0 .40.5 33,2 42.2 293.8
T (31) [(55) 7 (50) (50)' (40) (35). (34) (301)
0,6 58 45.4 50.2 44,3 3874~ 44,6 28.4 "39.5 ' 290.7
) (35).(54) (53) (49)- (44) [ (37). (34) (306)
0,§ .50 38.8 .37.7 40.8 36.9.37.9 3‘4.9 38, 4§ 265.5.
L (29) (47) (44) (42) (33)° (32) (31) (258)
0,2, " 69 .46,5° 55.6 43.7. 61,8 52.1 ' 42.4 515+ 353.5
‘4 (42), - (61) (63) _(61) 4¢53) ~(45) (39)  (364)
0,3, . 62 44.7 -57.2 46.6 48.2° 49.4 .32.4 38.3 316.8
5,7 © (37) . (55) © (56)° (54) (47) (39)- (34)° (322)
All' 109" 70.5 '65.1 80,2 '84.0. 72.5 72,9 63.5 508,74
- (89) " (83)
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Counts of whistle T7 were significantly different in

nolse”, und nolds and faint”, and
"background ndlse and faint with-0. %, sesaionut, For all
109 ssssions, the ovarall signl'ﬂ.canca was‘at the 975
v level, maning ny ccunts and the ‘observer's wers. -

‘signsﬁcanuy Be\\:ter cor elatad fhan woula: be expected it

_ thay were Erom ‘Poigson distrihutioﬂs with’ uhe same Wean..

This 5howad that. thla sounds the cbsewei he :d and

After -categorizin

by autal

define these categorizad ‘sounds mgre ubjeettvely by

" unambiguous " fx‘mn the ,.

Methods

.« For each .@m type; S - s7'. 10 wnisties were
,sm?l!d Ermn (‘.he 110 spectrognmu (’ﬂilmd" sasslanu)

thu Eouuulng measu:em.encs were »pe:Ebmeﬂ ' maxi i

» minimum ey baguming




B e

. frequency change, @iration, number of maxima inflection
B a e . =

poipts, number of minima inflection points, and number of’

Warmonics. A drawing of the whistle's appearance on the

spectrogran was also made (see Fig. 5, p. 21, for

spectrogram tracings of. some of these whitlos), : "‘

e mxlmu-—tt’qu-ncy cnang- Of a whistle was -daﬂnad
as - che greatest adjacent change in !zlquency until a 1ev-1
‘or revernal, in slope or the end of ths whistle wau o

. encountezed. e iate of nkiimin Ereq'unncd change -u'

defined u thc dun:ion (lengch) u: the nuximum Euquancy

‘. change, in neond.. (sh\ca tape-speed was 1/2 Euu speed,

these numbers were halved for actual ratos and"durations).

The number of maxima inflection points was defined was the

.+ number of times the frequency’contour went up (positive

alope) and then down (negative slope), to prodncd‘ a peak.
- These ‘increases and/or decreases had to be greater’than .25, "
-'kHz to bs counted, as maxima or minima. 1£thewhisth rose

i m “Erequency,. then levelled off and never decreased ln -

f:equenl:y, it was fot-counted as having.a mxmum inflection * "

point. The number of mlp{ma was dqﬂn-q similarly, except

the. slopes.were reversed, i.e. to fofm a E:ouqn.'

of harmonics couh:ed 1ncluded those:. :h-: showed up at lanst
partiully umnn the rnngo of frequanc!.es displayed:

Whistles of hlgho! El'equency will obviously have fodar e

tha on the..spec x 31 s as many Of these

‘menum r’




< not so

hamonics “will -décur Beyond ‘the rangs’of froquencies.” |
dispuyed. When only 2 pozuan ‘of the: whis:le had
hamonics, this was' specifiad. All frequencies were .,
measured :; the “neatest 250 Hz .( 75 mmb, all tlme

measu onanu, to the' neueu .5 sec. (l 25 m), (which is ¢

".25 sge. in’ Actual-!:xme). - L e
it
e’ Eirst Glear uhistle of (good quaiity and unambiguous

catego £y <

a randonly sampled spectrogram was msasu:ed.

This meant ;hac the whisla type as’seen on. the spectrugrm

had to cograspond and ag;ae with my and (pteferably)/or »r.he
observar‘s (aur'al interpntatlon oE :ha: thstle type. In
order to.avoid taking measutaments from’ identical or very ‘
similar s:areo:yped whisr.hs (po!sibly sxgnature"

Hhiltlos), nﬂt more thhﬂ ‘one whi!tla of 'the same category s

&

‘wu 2 Emm each ‘sp 'l'he chesen whistles'

- et imoasured and}lacad under their respective whistle
typés until 10 whistles wers measired for ‘each’ of thé: 7
types. Pulsed sounds wers not measured since their -
portrayal on a spectrogram was, unclear ‘and diggicult to.

WeagUDe:. . Beloen; aural dupressions:Exn pulesd ‘soumds vere

B compuratxve].y unambiguious, thereby making objective

y.'a5 with the whistles.

= A stepwise diuctiminant analysis was perfcmed on

whistle types S1-57 “wsing 10 variablemimum eraquehcy,

C4  minimum frequency, begxnnxng_fzequancy, end frequency;

" maximim’ frequency change; rate of maximum’Erequency change,




durat(on, number of; maxima, number of minima, and mmber: of

rumanica

The‘ wuks mebhod 4n_the spss’ procedurel i

i means of - eqch variabla tor each whistle tvpe I.Table 13). si
and Sd tended to be Eaitly 10\/\frsquency whlstles overall. "

Those whiski types which ended with ap upvard slope (ss and ,

SS) had: the‘ highest mean maxmum fzaquencies'. 'l'hayl also nad’

maxhnum Erequency changes on avetage. 52 and
‘sa, while only. ogposx;a in’ slope, were, qums aifferent Erom -
each, chha:. 53 yas ganarally Mghet, -spanned\a vider

i

- s:e\quqncy pand bu: Jhad a shorte: durntlon, 1.6

on avutaqe, ,thun 52. -85 was simllarly distlnqulshed from

SA. wn:suh 82 and sS4 dnd whiul:luu 83 and ss, bscause of -

d 84" with s5): ss. the waver,
whistla aver:au (had the highas:
he baqinnlna and and Euquency s
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13

LNe. of 1 ¢
Harmonics .
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Table 13. Manns (above) and standard devxations (beneath)
of various whistle parameters for whistle types §1-57, and
overall.” Measyrements were made on 10 randomly selected
sounds ip each type, These can be compared with -
measurements by Stéiner (1981) of N. Atlantic pilot whale
whistles off Newfoundldnd and Nova Scotia, ‘given in the |
column marked *WS">~ ‘Steiner (1981) does not give separate
numbers of makima and-minima, rather the total number of '
: infléction jpoints, marked *.
. M

All WS |
! Hax, Ptaq. 4.8 4.7
kHz). 2.0 1.9
Min) Froq. 3.0 2.8
(kAz) 12 1.2
Begin.' Freq. 3.6 . 3:7°
(kz)" 1.6 " 1.7
End Freq. 3.9 3.5
(kiz)’ 2.7 1.9 |
Max. Freq. 17 .. - o
Change " (kHz) 1.3 - i
Rate off Freq. 0.6 = i
Change (sec) 04 -
Duration 1.3 0.7
(sec) - 0.7- 0.7
'Wo. of . L 1aga e
Maxima - ? 2.0
‘ 1.0
" No. of: L L1413
Mittima - 1.8 :
7
1




also tended to be the same in S6. More harmonics tended to

' ; . . ’ 127

be associated with S4, and to a lesser extent, S7, than with -
the other whistles. " 3
Variables were entered by the stepwise discriminant

analysis procedure, in. the following step order (Wilks'

Lambda in parentheses, indicating their usefulness in

aiscriminating categories): 1) No. of maxima (.2975), 2)

_No. of minima (.1213), 3) Maximum frequency change (.0590),

* 4) -End Ex'equency (.0408), 5) Beginning frequency (.0239), 6)

Rate of maximim frequency change (. 0174), 7) Maximum
froquency (.0137), 8) Kinimum frequency.(.0120). variables

"Duration” and "No. of harmnics" were nnt used in, the

analysis by the procedure. ' Presumably; the discrimina:
which could be pex:fomed using these 2 variables were .
already eoversa by the other variables: (e.g. "Duration® was
possibly covered by "No. of maxima"). B % R
Variables "No. of maxima® and *No. of minima® were
clearly the most useful in separating the whistle kypss.__ .
These variables defined the whistles' complexity in, tems of
ithe number of inflection polnts. 'These parameters were\ also

“the ones most oasily distlnguishable by ear and’ thus, were

uud as a basis for setting up the 7 categories, defined by ¥

contour. . g § .-
."89% of the variance was accounted for by Discriminant
Funceions 1-3, and With fhe'addition of Function 4, this was'

1ncreased to 97\. (Table 14). ' Function 1 completely
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Tdble 14. Results of discriminant function analysis of
various parameters of whistle types: Each function is a
linear combination of the different charagteristics of the
sounds (the coefficients are given in the/ lower part of the

table).

The functions, which are orthoggnal, are calcGlated

in turn to account for the:maximum residjal variance.
i 5

¥ g R
Functions
1 4
Pertent of S . Q_
Variance 52.40 " 21.02 15.68-  77.89
‘Accounted For T o :
significance <€0,0001' 0,000}  <0;0001 <0.0001

Standardized Canonical Discriminant Function Coefficientss:
. S 1 2 3 4

No. of Minima .

-2.98. -0.43

Max. Freq. 0,66 0.92
Min. Freq. -0.24  -0.11 0.44  -0.90"
Beginning Freq. 0.62 -1.17 2,00 0.97
End Freq. 0.53 0.99 -0.23 0.16
.‘Max. Pred. Change -0.70 " -0.66 1.56 0.94
-Rate of Max, Change -0.38  -0.09 0.06  -0.50
No. of Maxima 1,76 . -1.45 -1.39 0.08
1.70: 1.64  -0,27




‘discrimination was less complete than the separation between

. separateg Sl (

separated the -complex.whistles (56 and\sj/l from the rest, as
"No. of n*\zimg" was overwhelmingly the most 1mpnrtunt"
variable. Function 2,compared the number of minima with the
number of maxima. Whistle type S5 (\/ ) whicn usually had -
1 more minimum than maximum was separated from type S4. .
(/\) #hich had 1 more maximum than minimum.' In other
words, the peaks were distinguished from the troughs. The
function also used ‘a combination of beginning f‘gequancy and
end freguency to separate $2 {:"\ - high beginning,: low end)
£rom 83 ( -/ - low beginhing, i'\igh el;d). This y

54 and §5, though, Function 3 separated whistles 52 .from

54, and 33'from S5 on the basis of differing maximum

freguency and beginning frequency. Function 4 quigé clearl

) £rom the rest of the whistle

characteristics 'of low maximun frequarcy change:and: low
beginning frequency. (Sl was d:;?lshed from S4 which

also shared the above character cs, by si's relatively

high minimum frequency). Whistles S6 and §7 were separated
in Punctions 2 and 3. " o W

When Functions' 1 and 2 were plotted against'each other’

"(Pig. '20), distinct ranges emerged for the 7 whistle types, . ¢

although’ these merged into ‘one another. It is clear that
pilot whale whistles are very graded signals. Points were. .,

fairly evenly distributed across each whistle type, except

in complex whistles 86 and S7, where the coverage was more .




'5: i

Pig. 20. Categorization of whistles by dllurhﬂ.nln: .
. functions. - Discriminant ‘functions 1 and 2. categorized 10
randomly .chosen whistles of each of the 7 \'M.ltlu typcl
sed on various whistle parameters. Boxed
ndicate whistles which were incorrectly c)nsuhd by the
discriminant analysis. Numbers represent ghﬂr respective
whistle category, S1-S7.
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erratic and dispersed. Tié was not remarkable in S7, as
this whistle type showed great variability. McLeod (1982)
also found that more complex phonations were more variable
in pilot whales. Whistle types were roughly arranged on the
plot.in a horizontal continuum of increasing complexity from
left to right. Whistle type S1,  although it appeared to be
overlapping with groups around it was actually quite
a1kinct, thanks to Punction 4. This was not visible on the
3-dinensiohal plot which deprivedius of the added
ififornation supplied by, Functions 3 and 4. cmqps s1, 's2,
53, S4, and S5 -were: vertically arranged in terms of final -
slope. Sl was situated ne:we}m wl';ishle types ending in N

positive slope (S3 and $5), and those with downward sloping
i \ -

‘ endinghs (S2 and S4). Tt is interesting to.note that only

one ul?i.!tle in group 87 ended with an upward. (positive)
516p§. Moreover, there seemed to be a gap between S5 and
$6/57 -no merging took place here at all. This could mean
that sourids of moderate complexity '(perhaps 2-3 inflection
points) and having upward sldptqq endings, do, not exist in
‘the *vocabulary® of those pilot.whales which were recorded.
Based on the vuisc‘rminqnt Eunc;tions;, the computer
attempted to classify the s70 Whistlon into their co_rzecl:.
categories (T«i‘h_ié 15). It was quite successful with all
groups, n’otably with 81 and 84, ‘but was only .50% correct in
group §7. ‘This can again be explained by the highly. ’

variable -nature; of 'S7. On the other hand, Sl _and S4 seemed




——
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Table 15. Classification of whistie types using

discriminant function analysis. The tlassification by thi

author. (using aural impression and the whistles' appearanci

on a spectrogram) of 10 whistles in each sound category is

compared with classification using the discriminant

functionse ahown in Table 14, based upon various whistle . x
(e » no. of maxima, etc.).

The “numbers ot sounds correctly classified by the

discriminant functions are underlined.

. "

No. ci Whistles: sl

Fredicted Group Msmbership by Discriminant Functiunr
85

sl 0 '0 0 0. 0 0 0
. 2 8 0 \o0 0 [
~Actual S3 2 0 2 0- 1 0 0
Group ' S4 0 0 T 10 0 0.0 g
P $5 1, Jo° .1 7o 8 0 0
i S6 0 0 0 0 [ 9 2 2
57 0 [ 0 3 1 by 5
A 2
; ) P
' b .
N '




4

N 134

to be faitly distinctive whistles. Most of the errors were
a :esn.\ltl of the computer being aupplie(; with incomplete

information about the whistle, causing it to simplify the -
whistle. 11 out of 13 errors could.be blamed on |

oversimplification, - This is quite understandable since the

" 10 variables I chose by which to characterize-the whistles

clearly did not create a fill and complete "visual picture”
of the whistle.to the computer. ‘Brrors seered to b’ mainly
a result 9t"an‘ inability to adequately define a whistle's

contour given only a few physical characteristics. Some of
A‘tha errors it made, though, could well hav; al"so been ;hade
by myself during the aural -analysis. Small fregquency

changes; in particular, are not well distinguished by ear.

-

‘Altogether, J.3/70 whistles (18 6%) were placnd in the wrang
group, but in 10 of these 13 exrors. the second highest

probability'group was correct.
. o

L :

# r'mq‘q -3b: Relative ‘Frequencies u_s Whistle Types '

.While the atha analysis gave a rapresentatxvn cross-
"‘section of the 7 different whistle types, it did not qlve a

_Measure of which whistle types were most Erequantly heard,

‘Thils was attempted in the 'followiig.




ck . \
Results and Remark:
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Methods S &
.
io "filmed" sessions were randomly s 1actod, and the

first clear sound encountered, regardless ot type, was

chosen to be measured. Only one whistle of . éach session was 2

used. (Sometimes (13 out Of 50 tines), these whistles-were
the same ones as chosen for .the above analysis).

The results are shown. in Fig. n,’/-fr:n' Function 1 is
plotted® a;ﬂ{t Function. 2. Clearly S6 and S7 are
relatively rare whistles, ~ Oné ténds to hear mostly Stmple

whistles—-S1, S2,and §3, with S3 more frequent than $2. ‘In

“the whistles of intermedlate complexity, S4 is about twice -

as comon as S5. According to my judgement about the

OOGEE SipiarLng i 't SpEOLEOGEM) 'O ot Ko SO Wilsties

(18%) were categorized incorrectly, However, the second

highest probability group was correct in 7 of the 9 errors. <
Tosh results of the ‘roguency with vhich one hears ths

di€ferent whistle typesq wers compared with my original

aural analysis (Table 1'6). ‘These analysés agrde fairly

closely except in the cases of S1 and 6. Eﬁ'y zewér of the

81 whistles w-r.-o hurd than were -pen on the spectrogram.

Clearly,  this mnetonn, relatively low lound is very easily




AR

& \:yplﬂ.

. > N
qu. 21. Cnl’.egnrhation by dia‘crimlnant Eum:tlons, .
relat of vhi\stle
Dhcx:iminant functions” 1 und 2 categorized 50 'y
randomly chosen:whistle) regardless of type. Hhistle Sl—
S7 (represented.by their respective numbers) wer: A
categorized based on various whistle parmeten. Boxed
numbers: -indicate whistles which were incotrect!.y classi

Eied
by the diacriminant analysis, . \
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" Table 16.. Relative'f:equencies of‘10ccur-rence of whistle
o

types S1-S7. Frequencies are giv for the aurally unalyzed
*whistles (selected data), and "those categorized by b
/spectrographic .appearance using, either the disgriminaht
functions given ih Table 14, or the duthor's classification

of the full spectrcqram of the whistle. i
Aural Analysis: Spect:og:aphlc Ana:ygi.s
. Discriminant = o
e o % Classification: ‘Clasufication.
n 3 ‘n' 8-
7 =
6 24,0
4 ’ 20.0
; 2 s 28,0
9> 14.0 6 12.0
7 6.0 3.7 7600
8., 2.0 1. 22,0
4 4.0 4 8.0

s7 % 875
- Total 11,885




i SUMMARY “AND 'CONCLUSION OF ALL RELIABILITY TESTS .

tuned our.\xn tavcr of the more "aurally 1nterest$ng (

whistles which are rapIdly Changing in frequency.

l\lternac‘ivaly, S6 is much more E:equently heard than’ seen.

ance these wavers often ﬂluctuate very rapidly in

,Eroquoncy, h'igh resolution.is needed to discern these onvthe
" spectrogtam Por a. waver to appear clea:ly on a

‘spedtrograri,  the tape spead uou.\d have had tG have: been

reduced to 1/4 Jor 1/8 normal speed._ as thase were done at» B

1/2 spaed, at best, only fragments of the wave: “could be-
datecr_ed.n The human ear, however, has o ‘trouble’ picking up
“these rapid changea tn ftequency, mlklng aural analysis
deuiuble in some tespects. Anothar problem with wavers i.s
_that they tend not ‘to be produced in discrete "units'--it is
difficult to detemlne wi®g ofié waver hasstopped and the
_naxt has started.’ !E ::hs ‘change in freguency ‘is snght,

they could alse, conceivably, bé confused with S1 whistles.

The. self-reliability test showed that there was a very

/'significant correlation (in'all’ categories exaept S1, where

correlations were marginally significant; p = .05), between

a subset Gf my originaliaural analysis and a re-analpsis. -
“ ) Test 2,, which examined the reliab[w betwéen myseu
and another observer, detemined that our counts we:s

significantly better correlateq with each.other than would

139"




S8 . ) . = 140
be ekpected were they taken Erom Poisson processes with. the
same mean, This meant that our catogorlntlons of sounds
showed a 1:1° corroapondence with one -notmr. ‘nn whistle
c].aulflenuon u:hmn used in tha original aural analysis
(Taruski's (1975) cltoqoﬂas) was also statistically-
Ju.stlhnd.

’L\uu: 3 onmlnod the zelubuity'b-tuen lnysal.(‘a-nd
upnctrogrms. In Test 3a, discriminant tuncqim\! dsinq “ y
whistle parameters-sich as beginning frequency.- number ot
maxima, etc., clauiﬂad most . ;ﬁ‘lstls types quite ’ ) .
successfully 'Into their correct cacego:&u.. Only-with -
whistla_s7 was categorization less good. In ‘l’as}. 3b, ';a\ of" .
randonly chosen whistles were incorrectly ca Jgoﬁzeﬂ, based |
on ly judgement nbout their -pecuogra- nppuunce.

Conaidarinq ‘the lhiud 1n£omtinn thlt wi

given- about
each whistle (with which to determine contour category),
t_neu results were deemed good. -

. In conc1u110\¢lln there were problems with certain
whistle types in somé of tha nlhbulty &

s, overall,

-ura1 analysis showed itself to b reliable. . - -

|
|
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