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ABSTRACT 

Title of Thesis : Variations in Vocalizations of Fin Whales, 
Ba l aenopte r a physalus, in the St Lawre nce River 

Peggy Louise Ed ds , Maste r of Scien ce , 1980 

Thesis direc t ed by : Dr . Edward R. Buchler 
Assis t a nt Pro fessor 
De p ar tme nt of Zoo lo gy 

Recordings were made of vocalizations from fin whales , Ba la e nopt e ra 

p hysalus from a fixe d h y drophone in the S t. Law re n ce River between 

28 June a nd 2 7 September 1979. Land-bas e d observers monitore d 

activity from a hillside hut while recordings were b e ing ma de from a 

s hore line site . Photog r a phs of dorsa l fin vari a tions were used to 

identify distinctive individuals, The 1522 so und s r eco rd e d we r e 

c l ass ified into 11 ca t egories bas e d on freq ue ncy and t e mporal char­

ac t eristics . Th e predomin ant call was a descending sweep of freq ue nci es . 

Parameters meas ur e d for this downsweep exhibited a dichotomy of char­

ac t e ristics whi ch indicates calls with initial freq uencies below 40 Hz 

have less variability tha n calls with initial frequenci s a bove 40 Hz . 

In genera l, soli tary animals produced primarily the lower f r eque n cy 

downswee ps. Hi gher freq ue n cy downsweeps we r e recorded from pairs or 

trios of fin wha l es . Solitary individuals did not exhibit unique 

variations in downsweep pa ramet e rs . No c luste rs of values which mi ght 

indi ca t e uniquely individual ranges were consistently present in multipl 

anima l recordin gs . Th e data sugges t that th e variability of fin whale 

voca lizations is primarily contextual rather than individual. 
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INTRODUCTION 

Aris t o tle auth ore d the f irs t publis he d descri p t ion of calls 

p r oduced by do l phins in his His to r i a Anima lium (Schevill ~..!:. a l., 1962). 

Little new in forma tion was a dd e d to the l i t era ture for centuries . 

Durinp, th e sear ch fo r the Northwes t passap:e , Cap t a in W. Parr y (1 821) 

repor t e d hearin~ the calls o f a white wh a l e , th e be lu ga , De lphina pt e rus 

l e ucas - · Aldr i ch (1889) told of sea captai ns who lis t ene d For the s ongs 

of wha l es t o he l p them tra ck th ir prey , and expressed the opinion th a t 

a ll marine anima l s with lungs produce s ound s . He mentione d both a 

ba l een wha l e , the humpback, Mep,apte r a novaean gliae , and a too the d whale , 

the blackfis h o r pilot wh a l e , Globi cepha l a s p. I n a ddit ion, earl y wh a l ers 

describ e d calls emitte d by capture d dolphins and s t rande d wha l es . 

Sc i entis t s r e ma ine d unconvince d tha t wh a l es ha d a voi ce , howeve r, as 

no s ound producing mechanis m could be f ound (Slijpe r, 1976). Do cumen­

t a tion awaite d the i nvention of unde rwa t e r li s t ening devi ces . 

Uri ck (1967) cite d Le ona rdo da Vinci ' s desc ription o f hearing 

d' lstant ships throu p.;h a tub e placed b e low the wa t e r s urFace i n 1490 

as the f irs t re corde d attempt to monitor unde rwate r s ound. The dev l opment 

of trans ducer s capable o f f unctioning in an aqua ti c environment was 

hastene d by the s inking o f the Titani c in 1912. Britis h and Ame ri can 

Sci entis t s patente d me thods for de t ec tion of echo es f rom large obj ec t s , 

but in 1914 the Ame ri can, R.A. Fessenden, f irs t demonstrate d the 

ability to r'!e t ec t an i cebe r r a t 3 km us in p: his und e rwa t er echo-ranger 

(Urick 
' 196 7). 

The onse t o f WorJ r:', Wa r I s timulate d f urthe r resea r ch on the 

Poss ibilities o f echo-ranpin~ f or the de t ec t ion of s ubmarines . Be t ween 
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World Wars the scienti f i c effor t was xpanded t o s tud y e nvironmen t ally 

induced variations in the speed of und e rwa t er so und a nd the effec t of 

thermal gr a di ent s on the apparent po si tion of t arge t s . World War II 

s timula t ed th e oq~ani za tion of scientis t s who studied a ll phases of 

underwater so und in an effor t t o incr ase the sophistication o[ military 

applications . Background nois e often affec t ed the ability to de t ect 

targets and bioacousticians con cent ra t e d on the bio l ogica l so urces of 

ambie nt noise in the world ' s oceans . SOFAR ( sound fixing and r a n ging) 

s t a tions were placed a lon g the continenta l slope to continuous l y monitor 

underwa t er so und in 1951 (Thor1pson, _l. a l . , 1979) . 

In 1948, Schevill and Lawrence recorded the calls of the b e lu irn in 

the St . Lawre n ce River and describ e d a myriad of sounds produced b y tha t 

s peci es , while noting that a minke whale , Balaenoptera acutorostrata , 

was silent (Schevill and Lawrence , 1949) . In 1952, Sch vill lis t e n e d 

to the calls of the humpba ck wh ale, ~ - novaeangliae in Be rmuda (Wa.tkins, 

personal communication) . But it was t h e occurrence of ve ry low , very 

intense sounds on the SOFAR station r ecordings tha t stimulated 

fundin? for a concentrated st udy of b a le n wha l e calls . In 1964, 

Schevill et al . , ide n tifi e d t h e fin wh ale, Balaenoptera p hysalus, as 

the so urce of a 20 Hz call describ e d from the SOFAR station r eco rGings 

(Wa lker, 1963, 1964 ; Patterson a nd Ha milton , 1964; Wes ton a nd Black, 

1965; Kipplewhite ~ al ., 1967; Northrup~ ~l_ . , 1971) . Interestingly, 

the source for one of the other low Fre que n cy calls i s still uncertain, 

althouph it is b e li e ve d to b e a blue whale, Balaenoptera mus ulus . 

The development of more sophisticate d broa d-band hydronhones a nd t ape 

recorders hasp rmitted a grea t exp ansion of the study of ce ta cean 

so und production . 
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The Order Cetacea (Phylum Chordata, Subphylum Ver t ebra ta) is 

divided into three s ub orders . The Arch aeoceti , the primitive wh a l es , 

we re an unsuccessr'ul offsh oot from an a n cestrcil marine mammal which 

1Yrobab ly gave rise to the two li vin p.: gro up s : t h e oc1ontocetes a nd 

mysticetes. The s uborder Odonto ceti inc lud es the following families 

3 

0 E t ooth e d wh a l es : Platanistidae (rive r dolphins) , Delphinidae (dolphins ), 

Phocoenidae (porpoises ), Ziphiidae (b eaked wh a l es), Physeteridae ( sperm 

wh ales ) a nd Honodontidae (the b e luga a nc1 n arwh a l). Th e baleen whales, 

s ub or der ~'1:yst i ce ti, include three families of l arp.:e ce t aceans whi ch 

lack t ee th: Balaenidae (ri ght whales a nd bowhead), Eschrichtidae 

(Pacific gray whale) a nd Balae nopteridae (rorq uals ). Althouv,h the 

ancestra l ce t acean i s unknown, the presence of: t oo thbud s in embryonic 

mystice t es indicates a t oothed ancestor, The point of diverp:en ce 

between the odontocetes a nd mys ti ce t es is unknown (Gask in, 1976). 

Annual mir-rations are undertaken b y b a l een whales from the lower 

l a titude breeding r,rounds to the hi p.:h er latitude feedinp.: p;rounds, for 

both h e rni s uhe r es , in the spring a nd ear l y s umme r, They return to the 

breeding r rounds in the fall and ear ly winter , The distance of the 

migration varies, and some populations may remain in fair l y r es t ric t ed 

areas year round (Gaskin, 1976). It i s unlike ly northern a nd 

s outhern poµulations inte ract due to the opµosing mi gra tion µ a ttern s . 

The b a leen whales exhibit a variety of feeding s tra t ep,ies, f rom 

the s p ecializa tion of the blue wha l e , s t e nophap.:o us on the larger 

s p ecies of krill (Crustacea : Euphaus iidae), to the v.enera lis t s , such as 

the fin wh a le and the minke wha le, which t ak e krill or scho oling f. ish, 

depending on their geographi c lo ca tion and lo cal abundance . 

In the feeding ?.rounds, the mys ticetes are solitary or in s ma ll 

p.:roups. Occas iona lly lar ge groups of. wha l es are seen feedin g on tish 



(Tomilin, 1967). The quantity of food required a n d t h e feeding strategy 

favor spacin g and little cooperative feeding has been observed . Lar?e 

gro ups of a n imals are freq u e ntly enco untered in the breeding areas . 

Th e search for food or conspecifics wo uld b e simplified if particular 

geograph ic locations are utili zed annua lly . However , the whale must 

locate that s it e , or loca t e conspecifics over l on8 distances . 

The utili za tion of so und for communi cation has the advantage of 

rapid signal t ransmi ssion which permits exchan ges b e tween a nima l s who 

can continue to move through th e e n vironme nt (Mar l er a nd Hamilton, 1967). 

Therefore it is not unexpec t e d tha t so und may b e used by cetaceans to 

maintain cont ac t with con s pecifics , to naviga t e , or to locate food 

items (Norris , 1969; Thompson ~ a l., 1979). Beamish (1970) defined th e 

freque n cies used and th e power of each as the aco ustic wind o\l . Th e 

aco us ti c window a s pecies uses i s influenced b y reflectivity on th e 

lower e nd a nd attenuation on the upper e nd (Beamish, 1970). In a ddition 

there may b e s pe cies-s pecific co ns traints whi c'.1 limit th e r a nge of 

vocalizations produced to permit s pe c i es r ecognition . So un d prod uc tion 

i s a n impor tant as p ect of the behavior of both odontocetes a nd mys tice t es , 

al thou?h th e vocalizations vary mark ed l y . 

Sound production is b e tte r do c umente d for toothed whales th a n for 

balee n whales ( see reviews by Schevill, 1964; Poulter , 1968; Evans , 1973; 

Sal s and Pye, 1974; Caldwe ll and Caldwell, 1977). Mos t of the 

definitive work on ce t acean sound production a n d function h as b een 

cond ucted with the bottle nos e dolphin, Tursiops trunca tus, be ause 

this species adRpts well to confine ment and trains eas ily . Other 

toothe d whales h ave been s tudie d to various deprees r e l a t e d to th eir 

a daptability to a quari a and their occurrence in the wi ld. No rri s (1969) 

discuss e d the typ es o f sounds produced b y odontocetes a nd desir,nated 
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two categories : the b roadband click and t he narrow band whistle. 

Clicks have a wide freq uency range (or andwiclth), 6 to 150 kHz, 

and repetition rates from five pe r sec to several hundred pe r sec . It 

is believed this wide freq uency range can provide the dolphin, or 

whale, with general environmental charac t eristics from the lower 

freq uen cy components and more detailed information from the directional 

hi gher freq ue ncy components . The more rapid a ttenuatio n ra t e of hip;her 

fre quencies r es tricts t heir usefulness to s horter distances. Cli ks a r e 

the on l y phonation p r od uced by cetaceans that have been clearly demon­

strated to f unction in echoloca t ion . In fact, some species seem to be 

restrict ed to click e missions : the sperm whale, Physeter catadon (Watkins , 

19 77; Watkins, 1979), the Phocoenidae, and the members of the river 

dolphin family , Pl a t ani s tidae (Norris e t al ., 1972; Pilleri ~ a l., 1976 ; 

Caldwell and Caldwell, 1977) . Spe rm whale clicks are produced i.n 

seq uences which are individually identi fiab l e and may serve as communi­

ca tion s i gna ls as well as echoloca tion sipna l s (Wa tkins a nd Schevill, 

19 77; Wa tkins , 1979) . Delphinids produce cli cks in a variety of behaviora l 

context s . These calls have been described as barks , squeaks , s quawks , 

grunts , and mo ans . The charac t e risti c rapid r petition rate pres umably 

cannot be used for echolo ca tion . Howeve r, no one has determined th e 

limit s of the ce t acean aco us tic ana l yzer . 

Narrow band sq ueal s or whistles ( 2-20 kHz) a r e either pure tones 

or tones with simple harmonics and durations over one second (Evans and 

Prescott, 1962) . The exis t ence of s pecies s pecific and individually 

recornizable whistles has been described fo r several dolphin s pecies 

(Evans and Prescott, 196 2 ; Drehe r a nd Evans , 1964; Caldwell and Ca ldwell, 

1971; Caldwell, Caldwell, and Hiller , 1973; Hickman a nd Grigsby , 19 78 ; 

Gi s h, 1979) . The bottlenose dolphin may al so discriminate whistles of 
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o th e r s r c i_ cs ( Cal dwe l l, Caldwe l l, a nd Ha ll, 19 73 ; Ca ldwell, Ha ll, a nd 

Ca lclw 11, 197 1) . Contrary t o the earl i e r fi ndin gs b y the Cal dwells , 

Ci s h ( I <J79 ) ro11r d t h e rrod u t i.on of i n divi dual ized wh istles was context 

cl epc ncl cn t nn cl or l y a s mal l par t of a complex re pe rtoire . Sh e cond uct e d 

,1 comp ll er ;J n ,1 l ysis o f 19 para me t ers from wh .i s tl es produced by physically 

i_ so l a t-ecl bo ttl e nos e cl o l phi.n s provided wi t h a n aco ustic link . He r 

c!c1 t a show i. n ci i_ v i dual s mo d i fy a p'l.rti c ul a rwh i s tle t yp e , a " ca llin g 

1vl1 i st l 6 ' , by adcl i_n p; mbe ll ish me n ts or de l e ting compon e nt s . Gis h ( 19 79) 

a J so q 11 .1n ti_ f i ed t h e occur r e n ce of o th e r cal l t ypes , 2nd found th a t 

bllrs t -p lll scd so tnd s , s o un ds with broa db a n d click compon ents , we ::-e 

pro cl 11 cecl 70 % o r ~h e t i me , in a l l b eh avi o r a l co ntex t s . 

Dre her n n cl Evans ( 19 62 ) compared th e whis t les a nd conte x t of sound 

p r od u c Li o n o f se vera l delphinid species . They con c luded interspeci fic 

comm un i_ ,1 t i. 0 11 iva s poss ible base d on the simi l arity o-f some context-

r e l c1 te cl u 1Ll s , ror e xamp l e , ala rm calls , However , Tarus ki (19 79) 

s t udi e d th e whi s tl e t ypes prod uce d b y free - ran gin g No rth Atlanti c 

p i_ J o t wh a l es , C l cbi cenh a l a ma l aen a , a n d fo und a cont i nuum of freq ue n cy 

v r s u. t i. me co ntcu rs . Hany of the conto urs h a d b een describ e d by Dreh er 

n n cl Evn ns , but r1.1n y o t her conto urs were a l s o present. I n a ddition, 

Tar us k i_ ( 19 79 ) conc lud e d si p.;nature whis tl es a nd dia l ec t s e xis t fo r th is 

s pcc Les . 

Th e bc1 l e n 1-Jha l es are g nera lly t oo l a r p.;e t o b e ma inta in e d i n 

a q ua r ia ro r x t c nde d e x pe rim nta t ion a n d s tud y . To da t e 10 of th e 

J 2 s pec j_ es O r b n l ~e n wha l es h ave b een reco r de d in th e fi e l d . Mo s t 

of th e clnt a r e co d e d i s th e r es ult of b rie f e nco unte r s with the a nima l s 

un der 1 s s Lh a n ldea l conditi ons a t sea . Of t e n the sour e of the calls 

r eco r de d Ls deb a t able , since th e anima l s are vis ible only dur in g their 

r e l a t l v Ly s ho r t s urface t i me wh e n b rea t hin g b e tween dives . Th ere 
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is always the possibility that an unseen animal is th e actual source 

(Thompson, Winn,and Perkins, 1979) . In addition, sound production is 

known to vary seasonally in some species (S cl1evill, 1964; Thompson ~ 

al ., 1977; Watkins, personal communication ; Clark, nersonal commun ication) . 

For this reason, it is di fficult to characterize a species ' repertoire. 

Repeated observation a nd r ecordin g in different geo~raphica] locations 

during all seasons is necessary. 

Thompson ~ al. (1979) reviewed the literature on baleen whale sound 

prod uction and divided the sound s described i nto Four ~ro ups, which 

may be compared to those described for odontocetes, Low freq ue n cy 

moans co ns titut e one group , with freq uencies between 12 a nd 500 Hz, 

and durations ranging from 0.4 to 36 sec . The 20 Uz cal l of the fin 

whale is placed in this category as a n example of a pure tone moan. 

Moans may have h armonic structure. 

The second gro up is comprise d of t humps and kno cks of shorter 

duration, from 50 to SOU ms ec with freq ue ncies between 40 and 200 Hz . 

Chirps, cries and whistles are the third group . They are hi gh er 

frequency calls , above 1000 llz. Chirps are defined as 50 to 100 msec 

discrete tones that are pulsed and change frequency rapidly. Cries 

a nd whistles are pure tones with or without harmoni cs . No duration 

ran ge is given . 

The high es t freq uencies and the shor t est durations are haracter­

istic of the last }?ro up, the clicks . The frequency ranp;e is from 2 to 

30 kHz . The latter was r ported in a controversial re ording in the 

presence of a blue whale (Beamish a nd Mitchell, 1971) . Althou~1 the 

upp er freq uency range is debatable, the occurren ce of clicks h as been 

reported for most species of baleen whales. The rapid attenuation 

of high frequency sound a nd the generally low intensity of th se calls 
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may account for their apparent r a rity. Two exp e rime ntal field a ttempts 

to stimulate the use of echolocation pulses by _baleen whales did not 

provoke their utilization (Eberhardt and Evans, 1962; Beamish, 1978) . 

Continuous recording of sound and concurrent behavior is needed to 

clarify the function of sound for the mysticetes. 

Thompson~ al . (1979) discussed the various roles sound may play 

for baleen whales . Individual variation ha s been sur,ges ted in the 

sonp.s of the humpback whale (Hafner n ..§1_ ., 1979) as we ll as annual 

a nd geograohic variation (Winn and Winn, 1978; Payne and Payne, 1980). 

The thump trains reported from the minke whale by Winn and Perkins (1976) 

may vary individually as may the 20 Hz calls of the fin whale (Thompson 

e t~-, 1979). {1uantification of t1w variations recordeo from known 

individuals is neces sary . 

The oppo rtunities for prolon p.ed inves tiRation of a cop ulation of 

baleen whales are rare. However , thr e speci e s h ave been studied 

extensively in their breedinp and calving areas . The gray whale 

(Eschrichtius robustus_) h as been studied off California and Baja 

California, Hexico (Cummings , Thompson, and Cook, 1968; Norris et al. , 

1977), the southern right whale (Eubalaena australis) has b een studied 

off Arp.entin a (Payne and Payne, 1971; Cummings, Fish, and Thompson, 

1972; Cl ark and Clark, unpubli s hed data), and the humpback wh ale has 

been studied off Bermuda (Payne and McVay, 1971; Winn, Perkins, a nd 

Poulter, 1971; K. Payne, 1979), the We s t Indies (Winn and Winn, 1978), 

Hawaii (Darlinp., Gibson , a n d Silber, 1979; Forestell and Herman, 1979; 

Glockner and Venus, 1979; He rman, et al ., 1979; R. Payne, 1979) and 

Alaska (Jurasz and Jurasz , 1979). 

Alth ourh the fin wh a le was one of the earliest rnysticetes recorded, 

little new information has been added to the literature . No mating 
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or calving .ero unds have been discovered for fin whales in the Atlantic , 

althou 17h Hobb s (personal communication) believes a si t e may exist in the 

Pacific . Work by several investigators sup.ges t s di fferent call t ypes 

exis t. The most frequentJ y r ecorde d is t he 20 Hz call , described b y 

Schevill (196 2) as a f requency sweep from 23 to 18 Hz . Later Schevill 

and Wa tkins (197 2) recorded a hi gher frequency descending call, or down­

sweep , fro m app roximately 75 to 40 Hz. In addition, Wa tkins (p ersona l 

communication) has hea rd a l on p r umbling call of l ow frequency . 

Thomp son and Cummings (1969) des crib ed three t ypes of s i p.-nals 

recorded off Puerto Refugio: a 68 Hz call, 0.6 sec duration; a 34 Hz 

call , 1.8 sec duration, a nd a 60 Hz call , 0.6 sec dura tion wi th some 

intra-sipnal freq uency s hi f t s . They did not r eco rd any 20 Hz call s . 

A controversial recordin p: of chirps and whistles, 1.5 to 5 kllz, was 

reported by Perkins (1966), and a ttributed to a fin whale . No othe r 

i nves ti ga t or ha d reported s uch cal l s f or this speci es . However, Thompson 

.'.:.!:_ al . (1979) recorded a series o f high frequ ency pulses , 16 t o 28 kH z, 

With 3-3 . 4 rnsec dura tions as two fin wha l es approached their ship . Only 

one investigation has recorded both low frequency and higher f r equency 

calls . Patterson and Hamilton (1964) fo und a 140 Hz tone preceeded a 

l oud 20 Hz call that was part o f a series of double calls . 

In 1973 Dr . E. Mitchell of the Fisheries Research Boa rd of Canada 

initiated a whale watching proj ec t from a si t e on the St . Lawrence 

River ' s north shore (Mi t chell, 1975 ) . Tha t project recorded the 

occurre nce of cetaceans in the area on a year round basis . Several 

!_al aenoptera s pp . enter the es tuary annuall y . The predictable occ ur rence 

of these s pec i es and their behavior s ugges t th e St . Lawrence River 

i s f As one of the s ummer observers a eeding area of some import c1 nce. 

d • I b i n terested i n expandinp the research uring the three year s tud y , ecarne 

t o de t ermine th e role sound may play in the whales ' behavior . 
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The fi n whale is a pelagic species (Tomilin, 1967) an d, therefore, 

difficult t o s tud y . However , this species frequently passes within 

severa l hundred meters of shore in th e Laurentien Channel of the St. 

Lawr n ee River , providin g a unique o ppo rtunity for s ho re-b ased 

observation a nd acoustic monitorin g from a fixed h ydrop hon e . The 

occurrence of soli t ary a dult s , pairs, a nd po ds of fin whales offers 

a variety of contex t s for so und production. Th e presence of s hip a nd 

boat t raffi c co ns titutes another variabl which may n egative ly 

affect communi cat ion for the whales and influence the t y pes of sounds 

th e whales produce . 

This s tud y was under t aken to quantitatively describe th e types 

of sound s produced by fi n whales in the St. Lawrence River a nd to 

compare the m with those r e porte d by other investigators . Emphasis 

Was placed on identifying th e context of sound production for corre l a ­

tion with vo cali za tion ch arac t eris tics , In addition, individual 

identification b y dorsal fin s hap e was attempted to facilitate detailed 

a na ly s i s of the calls for individua l variation . 
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MATERIALS AND METHODS 

Data Coll ction 

Th e t i e ld work was conducted from a s it e on the north s hore of 

the St. Lawr e n ce River from 14 June t o 28 Steptemb er 1980 (Fig . 1) . 

During the first two weeks of the st ud y specific sites were c hosen for 

th h y droph o n and preamv , a s hore line t ent, a nd a n observation hut. 

Th e h ydronhone-prearnn ( KSP HS 107-220) was a n c hored by divers YO m off 

s h ore , in water 6-10 m deep, depend i n ~ on tid a l cycle . This assembly 

was mounte d on a wood n dowel and floated 1.2 m fro m the bottom. A 

truck gear and several rocks provided a n chorag . 

Examination of the bottom indicated little turbu lR nce in the area 

cho sen, as evidenced b y the presence of castes from po l ychae t e burrows , 

a nd the presence of sev r a l species of sea a n e mones , sea c uc umb e r s , 

and tunica t es a ttach ed to all s ides of the rocks. For this r ason, 

th e able fro m the h ydrophone a n chor to the inte rtida l zon e was 

placed directly on pat ch es of sand or between lar ve adjacent rocks . 

In addition, it was loope d to ny lon line a t on e me t er interw1ls to 

prevent h ori zonta l stress (Fi g . 2). In the intertidal zon e the cable 

was covere d with ga rde n h ose ancl placed b e tween smooth rocks t o pro t ee t 

it from wave ac tion . The cable l ay alon? the shorelin a nother 23 m 

to t h e s ite of the shor line t e nt, approxima t e ly 20 m above th e hi gh 

water mark . The h ydrophone sys tem was connec t e d to the amplifier (KSP 

ACS 601, modi f i e d) housed in the t e nt with th e tape recorder (Nagra 

IV SJ). All eq u ipme n t was battery powered. 

Output fro m the h ydrophone a nd amp lifi r was fed into ch annel 1 

a nd the FM comment channel of th e t ape r ecorder . This dual input 

provided a n effectiv f r e que n cy r espons e of 10-20,000 Hz for th 
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e ntire sys t e m as limi t e d b y the preamp . A fre quency r esponse t es t of 

th e Nap.;ra , ch a nne l 1, s h owed a f l a t r esponse fro m 30 llz to 40 kHz . 

The res pons was - 2 dB a t 20 Hz , and - 5 dB a t 10 Hz (Fi g. 3). The FM 

ch a nne l r e quired a si~nal 20 dB louder than c hanne l 1. This was 

accomp l ish e d by i n creas in l? th e amp li fication of the sir-nal from the 

h y drophone-preamp to acco modate the FM ch a nne l, whil e attenua t i n g the 

s i ~nal to ch ann e l 1 with the a tte nuator on th e Nagra . Channel 2 was 

on ly used for comme ntary . n.ecordines were made a t 19 cm/s ( 712 ips) . 

Usually 549 m (1800 f t) r ee l s of t ape were used as avai l able ( Sco t c h 

212 a nd Ampe x 624, both 1 mil thi ck with eq uiva l e nt biases). 

An observation hut was built on the hillside 200 m a bove sea l e vel 

and 0 . 3 km from the s hore line t e nt . The hut was b ehind the position of 

the t e nt and hydrophone to permi t coordination of observations from both 

si t es . Two side windows and a l arp.;e f ront window on th e hu t gave the 

observers a 160 degree view of th e river . The relative narrowness of 

the river a llowe d us to scan its 15 km width on c l ear days. Watch e s 

were condu c t e d without optical ai ds . Bino c ulars (7 X 35 ) a nd a s pottinp 

scope ( 25X) were e mployed for b eh avioral observations a nd perioclic 

scans of the area . 

Daily observa tion vari e d from 14 t o 12 hrs as the day l e n g th 

decreased during the s tudy . I ndividua l observers in th hut h ad 2 h r 

s hi f ts to minimize fa ti gue , but the r es ting observer was availabl as 

a n ass ista nt fo r mult ip l e si ghtin p.;s . I was posi tione d in the t ent or 

on the s ho re line throughout the observation da y . The up s tream view 

of the river was b e tte r frorr the t ent site, but the downstream vie" was 

b e tter fro m the hut. Together we could se whales approa hing f-om 

4--5 km dep endi n g on weathe r conditions a nd th e visibility of th blow . 
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During August and September, 20 min scans were conducted every 

2 hr, weather permitting, using binoculars and a spotting scope. If 

a whale was under observation, the scan was conducted following the 

disappearance of that whale. When visibility was very good , over 8 km, 

and whales we re abundant in the area, the scans often took lonp:er than 

the desi gnated 20 min. Whenever possible, the second observer continued 

to watch for close wh a les which co uld be missed during the scan . Th e 

whales siRhted during scans gave a p:eneral idea of t~1e number and 

species of whales in the area which may have contributed to the 

backgro 1md noise durin p: tape sessions. 

Acoustic "monitors" were conducted every hour fo r 10-15 min, 

coinciding with th e visual scan ,~1enever possible , A monitor consisted 

of continuous listening to unclerwater sound using headphones connected 

to the tape recorder . The sound leve l meter of the tape recorder was 

observed simultaneously. ~eter defl ec tions which did not coincide 

With audible sound were interpreted as the occurrence o f sounds below 

my h earing range . Occasionally an acoustic monitor was recorded for 

comparison with tapes recorded in the presence of baleen whales. 

Descriptions of audible sounds, meter deflections, or ti1e lack of sounds 

Was always entered in the aco ustic notebook. No filters were used 

durinp the study despite ship noise and 60 Hz noise becaus sounds 

Pro<lu ed by the fin whale occur in this frequency ranp:e. 

Whales within approximately 1 . 6 km of shore were visually followed, 

recorded if acoustic conditions permitted, and photo v. raphed whenever 

possible . Wh e n a whale was sighted, the tent and hut coordinated 

activity via two way radio . A siehting was defined as any whale, 

or whales traveling together, of a particular species, be rinnin p: 
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at a given time on a given date. Each whale sighting was desiirnated 

by these parameters: for example, fi n s x2, 12 : 20 18 August 1979. 

Behavioral data were recorde~ on standardized data s h eets listing 

blow times, direction of travel, nearest landmark, distance off shore 

and any specific b e h avioral comments . In additio n, the tide times 
' 

' 

visibility, sea s t ate (Beaufort scale), water color, and sky conditions 

were recorded for each sighting . A cassette tape recorder was used 

during multiple sightings . Behavioral comme nt s were also re orded on 

channel 2 of the Nagra when whales were visible from the tent durinp 

taping sessions . 

We attempted to photograph th e dorsal fin of every whale within 

0 . 8 km of s hore whe n the whale crossed i n front of the photographer 

on s hore . A 400 mm lens on a 35 mm camera was operated fro m the t nt 

site, a nd a 500 mm lens was used by a mobile photographer positioned 

eith er upstream or downstream of the tent si t e with a nothe r 35 mm 

camera . The dorsal fi n was photograohed when the whale ' s back ros above 

the water , parallel to shore, following a blow during a blow serie 

The last blow of the series (followed by the terminal dive) was not 

photographed as the back is usua lly more arched a nd the dorsal fin is 

somewhat distorted . Bulk Plus X (ASA 125) and Tri X (ASA 400) were us e d 

for the dorsal fin photographs . Kodachrome (ASA 64) and Ektachrome 

( ASA 200) were us e d for slides . 

Tivo all-night monitors were conducted on 11 July and 8 August. 

The 8 August monitor coincided with a 24 hr watch from the hut. 

Night watches had been conducted as part of a feasibility study in 

July 1978, using US Army night vision equipment. No ni?ht vision 

eq uipme nt was available for the study this year, but a f ull moon on a 

c loudless ni ght provided some visibility. During the 1978 study we 
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confirmed that differences in nocturnal respiratory patterns can be 

used to distinguish minke whales from the larger species but c 
' annot 

distinguish fin whales from blue whales. llowever, minke whale blows 

are far less explosive and cannot be heard for nearly as great a 
distance 

even durinr th e calm of the eveninp. Weather conditions did not 
permit 

a 24 h r watch in September . 

Each evening the daily notes were transcribed into the main note-

book. Acoustic data were logq:ed by reel number, date, a 11 d • ,, species . 

Photo data were logged by roll, number, date, a nd species. Appropriate 

cross references were also made in each file . Each whale sighting was 

g iven a behavio·ral code : ' straight' for a wh~le Qeen for tw -· " ~ • o or more 

series of blows headed in only one direction for tl1e entire observation 

period; ' straight x2 ' for a whale who went one direction for several 

series , and th e n reversed di rection, traveling in that direction until 

lost from view; 'circling ' for the formation of a circular surface 

disturbance by a minke whale, apparently during feeding; 'a c tive , 

for whales with particularly enerp.etic blows, brief surface ti.mes , 

numerous direction changes, s urface disturbances between series, or a 

flipper or f luke breakin r; the s urface; ' missing' for whales whi. h 

were not followed , such as wh,-,les seen c1urinp.: a scan or whal s that w r 

seen for one or two blows only; 'no pattern ' for whales who se b eh avior 

did not fit any of the above ca t egories . The b e h avioral code was 

included on a daily summary sheet which outlined the sightings for the 

day. In addi tion, a minimum and a maximum number of each sp cies was 

determined usin g a ll the sigh tings for that day . The minimum WclS 

determined by the numb er of distinguishable individuals or the largest 

numb er of a nimals seen simultaneo usly . The maximum includ d all whales 
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t hat co uld be different individuals. For example , a pair of fin ~~ales 

was sigh ted at 12 : 00 h . Nei t her animal had a ny appar nt d i stinctive 

ch arac t eristics . A so l i t a r y fi n wha l e with n o apparen t dis tinctive 

c harac t eristics was sigh ted a t 14: 30 h. The min- ~ax for t he day would 

have b een L- 3 fi n whales , sin ce t h e t h ird whale riay or may not have 

been one of th e nair sen previo usly . 

Last l y, a s hip fi l e was maintained . We recorded the time any 

s h ip o r boat passed wi th i n ap proxima t e l y J km of th e t e n t . The direc t io n 

of trave l was also i n c luded , as s h i ps passin g up s t ream had a gra t er 

effect o n backgro un d noise l evel . Some of t he s h ips and boats , i n cl ud ing 

a hydrofo i l , were r corded for n o i se l evel doc umenta t ion . 

Samplin g tows were at t emp t ed usin g a 3 . 6 rn fis h in~ boa t with a 1 . 2 h p 

motor a n d a 0 . 5 m diameter r i n g b ridle n et . A p int jar was attac~ed to 

the c u ff . Wa t r sampl es fo r salini t y meas u reme nt s we r e tak n f r om t h e 

surface monthly , a n d fro m 6 m dep ths duri ng t wo dives . Wa t er tempera tu re 

was meas ure d d uri n r- the dives usin g a Hea thki t t empera ture pro b 

~ Hl -10 4 ) . 

An a s sis t a n t a nd I made a t otal of nine dives . The first thre were 

mad e a t dif fere nt s ites t o de t e r mi ne th e bes t posi t ion for t he 

hy drop h o n e - preamp sys t e m, fo llowin p examina t ion of the depth onto urs 

n ear s hore usin g a Heathkit fis h spo tter ( Ml - 2901 ). Two dives were 

r e quired fo r comp le t e i n s t a lla tion. ' 1a intena n ce dives wer con d ucted 

on 6 J uly , a n d 26 August t o remove alpae from t he sys t em . Th e hydro­

phone-p reamp a nd cabl e were remo ved o n 29 Sep t e mb e r . \Je le f t t he 

s it e t h e f ollowin g day . 

Da t a Ana l ysis 

Each of t h e tapes was reviewed t h ree times . Th e commen t t ra k 
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(cha nnel 2) was transcribed first . Secondly , channel 1 was r eviewed at 

th e same speed at which it was recorded. Audib l e sounds were subjectively 

describ e d and compared to the background noise. Finally, the tap e was 

monitored during rewind . Rewind speed is approximately 13 tim s faster 

than th e recorded speed . Therefore, sounds below human hearing are 13 

times higher in frequency and are a udibl e . The duration is only 1/13 

as long, however , and does not allow one to charac t e rize the sound well . 

Using the information gain e d from r viewing each tape, I evaluated 

the quality of the recording and assigned a 'Q' value to each recording 

session . A Q of 1 was assigned to a tape with few audible sounds 

(on forward and rewind) or a tape with very high nois e levels . A Q of 

2 was assigned to a tape with intermittent so unds, but was also assigned 

to a tape for which there were few b ehavioral observations. The 

highest value, a Q of 3, was assigned to a high priority tape which 

was likely to yield the b st combination of acoustic and be havioral 

data. My initial analysis was restricted to the better tapes in 

order to familiarize myself with the nature of the data prior to 

attempting to a n a l yze th e l ower quality tapes . 

Two methods of sound analysis were e mployed to maximize the measurement 

accuracy for the fo llowin g parameters: initial, fi nal , high er , and low st 

freq uencies (Fl,FF,FI-1,FL); call dura tion (TD); intensity (I); a nd int rcall 

interval (ICI). A real time spectrum analyzer (RTA Princeton Appli e d 

Research model 4512) provided continuous fast Fourier analysis of th e taped 

so unds. Th e time window ( th e time required to complete on input 

record) on the RTA was 2 . 5 son the 1-200 Hz scale used for all of th 

call measurements. I used fixe d gain viewin g , which provides intensity 

lines 60 dB below input f ull scale . The Nagra output was attenuated 



20 dB at all times as increasin g or decreasing the at t en ua tion co uld 

change the apparen t i nt ensi ty of the call , as well as change the 

apparent duration. 

The output from the RTi\ may be reproduced on 9 cm wide pap er from 

an EPC graphic recorder (Hodel 1400) or displayed direc tly on a Unigon 

scan conver t er sc r een (Hode l SC-1). The RTA hard copy resolution was 

not s up erior to sonagrams or the screen, and equipmen t ma lfunctions 

limited its use for data analysis. Therefore, the Unigon screen was 

used for a ll frequency , intensity and durat i on meas urements. 

Frequency was meas ured fro m the cent er of the 1 . 6 Hz bandwi dth 

displayed on the Unigon screen. The 1-200 Hz range produces a 1 Hz/ 

mm scale. Since the accuracy of the bandwidth was +0.8 Hz , I meas ured 

frequency to th e nearest mi llime t er, or 1 ll z , 

Intensity is di s played by graded l eve l s o f b r i ghtness on the 

Unigon screen, in 6 dB increments . The maximum numb er of brip:htness 

l eve l s is 10 (60 dB input f ull scale/6 dB increments ). T~e most 

int ens e portion of the call is di s pl ayed most bri e;h tly . A cursor was 

se t on the hi ghes t intens ity frequency components of a call, and 

the value displ aye d by a dip;ital readout was recorded a l ong with the 

frequency at that intensity . The cursor only f unc tions when the t a pe 

is r unning. Therefore, intensi ty r1easurements were not mad for all 

the frequency components. 

The call duration measurement was t aken f rom th e initiation of 

the call (6 dB above ambient nois e ) to th e f ina l visible component of 

the call (Fig. 4). This measurement may have includ ed r everberation or 

distortion due to the signal pathway, but represents the duration 

receive d by another whale in the area . 'I'hese measurements were mr.1.d e 

from the screen r a ther than fr om a sonagram for seve r a l reasons . The 
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apparent duration of a sonap.:ram representation is r.reatly affected by 

record, reproduce, and mark levels which are operator controlled in 

response to the sound level produced over the period recorded on the 

sonapraph . The reproduce level is determined by the averRfe intensity 
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of the entire recorded portion. Therefore, a very loud call may dictate 

a reduced reproduce level so as not to burn the paper. tmy less 

intense calls are thereby reduced and may appear to be of shor t er 

duration than they act ually are . This variation limi ts the accuracy of 

comparisons of consecutive sonagrams for duration meas urement s . The 6 dB 

intensity increments on the RTA screen provided sharp onset and 

termination of a call a nd al l owed more consistent measurements . The 

duration meas urement is, therefore , less s ubj ective than one from a 

sona ,l"!ra m. However, since the fin wha l e calls were p.:enerally louder at 

initiation than termination, the sonaframs could b e used for intercall 

interval using the interval fro m the beginning of one call to the 

bepinninp, of the next (Fig . 4). 

I used the 5-500 Hz ran~e on the sonagraph (Kay 6029) t o maximize 

the number of calls per sonagrarn . With a 38 cm/s (15 ips) playback 

s peed, the effective analyzing f r equency range was 2 .5-250 Hz . 

Doublinf' the recorded speed for ana l ysis s harpened the onset of the 

call and increased the precision of my meas urements . Both wid e band 

(19 Hz bandwidth) and narrow band (2 . 8 Hz bandwidth) overlapping sonagrams 

Were produced . Wide band was used for mos t intercall interval measure­

me nts . Narrow band sonagrams were s up erior when noise· levels were 

high be low 60 Hz , causing interference with the cal l s if 1Jide band 

tvas used . The scale ma1<ni fier (Hode l 7076C) was used to omp are call 

s truc ture for some sessions invo l ving more than one whale. Continuous 

monitoring of the tape was necessary to be certain no calls abov 250 ll z 



were missed durinp: both the screen measurements and the production of 

the sonagrams. 

The underlying purpose for the detailed examination of the sounds 

and their occurrence was to describ e the variability observed and attempt 

to correlate that variability with an individual or context. During the 

analysis different structural variations were noted. In order to 

understand how individuals may vary the calls they produce, a preliminary 

quantification of the overall variability was necessary. This was 

accomplished by the calculation of descriptive statistics for th e call 

st ructures in the total file. 1be distributions of variables measured 

(FI, FH, FL, FF, FD, TD, ICI) were plotted on frequency histo g rams to 

determine the degree of overlap betw~en structures. 

Concommitant variation, the extent to which the variation of one 

parameter is related to another, had to be explored for each structure 

as Well before individual variation could be investigated . Scattergrarns 

were produced to determine whether pairs of variables covaried. This 

method of correlation a nalysis does not distinguish between indep endent 

and dependent variables nor does it assume a linear relationship (Sokol 

and Rohlf, 1969). It is appropriate for variables whose source of 

variability may be the same. If the relationship is linear, the 

strength is evaluated by Pearson ' s product moment correlation coefficient, 

r , '1hich varies frorn -1 for strong inverse relationships to +l for 

strong positive relationships . Si gnificance tests are inappropriate 

unless both variables are normally distributed (Sokol and Rohlf , 1969), 

however, r2, the coefficient of determination, expresses the proportion 

of variation of one variable which is determined by the variability of 

the other . For r2 to be greater than 50% (or . 5) r must be grea ter than 

0 . 7 . 
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Stepwise discriminant a nalysis was use~ t o de t ermin e "f 
l a se t of 

discriminating variables co uld be use d to classify call typ e s 
correctly . 

Th e method l s robust a nd s tron g a dheren ce to the ass umpti o f 
n s o - n ormality 

and homoscedasity i s not considered n ecessary by some statis ti c i a ns 

(Kleck a , 1970). However, grea t er differences in variance will d 
ecrease 

th e s t a tisti cal significance of th e f unction s . Neff and 1brcus (lYB0) 

s ugges t differen ces i n variance may b e important biologically , but 

caution th e results of th e discrimin ant a nalysis will b e skewed by the 

l a r ges t variance . 

The recording sessions were examin e d for the f r eq ue n cy of occurrence 

of each structu re . The predominant s truc ture was chos n t o a n a ly ze 

i nter- a nd intra -session variation in that structure ' s ch arac t e r is tics . 

Histo g r a m p]ots were constructed to de t ermine the degree of inter-session 

overlap a nd facilit a t e id entification of the variables that may 

Contrl. but e to i"ndividual identi ficati·on . Scatterg 1 . , ramp ots were produced 

to compare co n co mmit ant variation for diffe r e nt sessions a nd sightings . 

Th e coefficient of variation was calculated (s . d,/me an x 100) for 

comparison of similarly distribute d parame ters b e tween s ess ions a nd 

sight ings . The sessions were a l so subjected to stepwise discriminant 

a nalysis in a n attempt to de t e rmine which combination of parame ters may 

be responsible for the va riability observe d. Large session s were reduced 

to a number of s ubs ession s to facilitate comparison (Appendix 1) . Two 

discriminant runs were conducted. The f irs t included only sessions 

with similar variances and covarian ces (App endix 1). Th e second included 

all session s a nd s ub sessions with values fo r a ll the parameters 

con s idere d as a test for overall similarity. An F matrix ( for comp a ri son 

of variance) a nd a computer plot of gro up centroids produced from the 
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discriminant f un ct i on axes permitte<l a visual comparison of session 

s imilarities and differences . A s ummary of th e. comput r a n alyses is 

presented in Table 1. 

Lastly, the results from these analyses were c ompared for known 

animal recordings based on dors a l fi n variati ons . This t e chnique had 

not be e n used previously for fin \, h ales . Th e comparison of photograph s 

of i ndividua l whales for id entification o f individua ls by scars a nd 

irregulariti e s in the dorsal fi n was begun by Bi gg e t al. (unpublished 

data) during a study of killer whales, Orcinus orca. This technique has 

b een used primarily on odontocete cetaceans (Irvine ,~~-, 1977 and 

Shane, 1977; Wursig an d Wursi g , 1977, Saayman and Taylor, 1979), however 

dors a l fi n s have also b een photo graphed to faci litate reidenti f ication 

of humpback whales using fluk e coloration patt e rns, flipper colora tion 

and facial grooves as well (Levenson, 1969; Darling e t al. , 1979 · 
-- ' 

Glockner and Venus , 1979; Katona~ E ·, 1979; Lawton~ E·, 1979) , 

' 

For this s tudy we used e nlargemen t s of dorsal fin photographs taken from 

the same and f rom different sightings . Photog raphs of the same a n imal 

or animals taken during a continuous sighting acted as controls . An 

ar tist and I separately sorted the photograph s into gro ups of the 

same individual. Those which we agreed upon were classified as the 

same whale; those wh ich we did not a g ree up on were classified as 

' possibly' a particular whale . The characteristics us ed were angle 

of the l eadin f! edfe, s h ape of th e tip, angle of th e trailin g edge , 

apparent hei ght above the b ack , a nd any irregularities such as notches 

or tears (Fig. 5). 
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R[3ULTS 

Observations 

Daily observation s were condJcted from 28 June to 27 S ptember 

1979, a total of 14 weeks. Obser7a tion b e gan at sunrise and ended at 

19 :00 h for most of the season . Ue had 65 full days of observation, 

24 days of oartial obs rvation (due to fog or h eavy rain) and 7 days of 

complete fo8 , with n o obs rv;:ition. The number of fin whale siehtin gs per 

observation day is grap hed in Fig. 6. Whal es sighted during scans could 

not be distingui.sh e d b etwe n s can s and were always counted as new 

whales. This practice indicate s ut ilization of the area rather than 

the absol ute number of whal s in the area on that day. Therefore , the 

abs o lute numb er of whales li s somewhe re b etween the minimum and maximum 

value graph ed for each dRy . 

Tnble 2 contains th number of s i ehtin gs and the number of si ghtings 

f ollowe d fo r the fi n whale , ! · physa lus , and two other species in the 

study area , the mink , ! · ac uto r ostra ta, and the blue , B. musculus. 

Each sightin 1:- was P- iven a value of one and whales trave ling top,e ther were 

counted as one unit. Fin whales f r eq uently occurred as pairs or groups 

of three to six animRls. The oc urren ce of th ese catego ries during 

the study is present din Fig . 7 . Most of th e g roups of thr animals 

were seen during scans , and all of the larger gro ups were only seen 

several kilometers away from shor during sans. 

Most of the whal s moved thro ugh the s tudy area on s traight course , 

or s howed no pattern ( Table 2) . Tabulation of direction of trav 1 

indicated n o preferen ce for wovin g upstr eam or downstream through our 

area . However , direction of tra v l exhibited a diurnal pattern. 

whales were headed upstream m re frequently than downstream b fore 
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12:00 h (75%). The downstream course was slightly favored in the 

afternoon ( 57%). Whales sighted during scan s were not followed to 

determine their course and were not included in this comparison. The 

addition of that data may alter the apparent trend to travel up stream in 

th e 111orning . 

All fo llowed whales sightings were plotted on a histogram according 

to the time of first sighting to determine if activity patterns existed 

which may have affected the a oustic data gathered during particular 

hours of the day. Four different graphs were needed to take day length 

into account, a nd all values were conver t ed into percentgges of the tota l 

sightings during th e period to s tandardize sample sizes (Fig . 8) . No o n e 

pattern was consis t ent througho ut the study . The night monitors 

indicated that if th e whales passed by a t ni ght, they did so far off 

s hore , as we did not hear blows during either of the two ni ght sessions . 

Ni gh t acoustic monitors did not reveal any hi gh intensity sounds although 

distant low fr quency cal ls were recorded once. 

All followed whales and all whale sightings during scans were placed 

on a tidal cycle histo gram based on on e hour increments on either side 

of the high tide . Although sightings of distant whales were time depen­

dent (due to the scan schedule) t1w r.ionthly tidal cyc l e s hould h ave 

negated that effect and all were included in the tidal effec t study. 

The whales did not trave l with or against the tide , even if one considers 

only whales traveling a straight course upst ream or downstrea m (Fig . 9 ) . 

Therefore , th occurrence of fi n wha les in our area is n o t dependent 

upon tidal cycle . 

Our a ttempts to measure environmental parameters were limitect 

due to their secondary nat ure during this study, and th e negative effect 

that time spent sampling may have h ad on b eh avioral observation . 
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The data presented here is fro m irregularly spaced samp l es that were a 

function of available personnel and the divin g schedul e . 

The water temperature at 10 m varied from a low of l .1°C in June to 

a h igh of 3 . 3°c on 2 Sep t ember . As would b e expected, the surface 

t emperatures were more variable , but range d from 2 . 2°c in J une to 8 . 8oc 
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on 18 July. On 2 Sep t ember , th e surface temperature was already reflec t i ng 

th e cooler weather at 4.4°c . By 29 Se pt e r1b er , the s ur face t emperature 

was 3 . 3°c a nd the 10 m t empera ture was again 1.1°c . 

Th e salinity meas urements were made f r o m IvDter samples t a k en a t 

the si t e a n d during dives . 1~e values obta ined were hi ghly irregular , 

but i ndicated the salin ity in the area was quit e high, b e tween 29 a nd 

() 
33 I oo . 

Th e t ows with th e ring bridl ne t were largely unsuccessful. Few 

ce tacean prey items were capture d . On 18 July the t ow yielded several 

fis h l arvae , cope pods a nd b r own algae . Th e 15 Au?,ust tow c ontained 

only copepo ds . D•ring th e 17 June dive , a school of approxima t e l y 1 ,000 

small silver - s ide d f i s h were ob served a t a di s t a nce . On 2 September 

smal l silver-sided fis h were jumping a t the water s u rface . Att empts to 

cap ture a fish from the b oat were uns uccessful. Durin g our l as t dive 

on 29 Sept emb e r, I saw approximately 1 5 s mall f ish whi ch a ppeared t o b e 

juve n i l e capelin, :Mallotus villos us . Feeding b ehavior was rarely 

observed fo r a ll b a l een wh a l es . Local f i s h erme.n we r catching mod e r a t 

numb e r s of capelin, cod a nd f lounder . Fewer mackeral sli ks were seen 

this year than in 197 3- 1975. Although no quantification of prey biomass 

was possible , it is like ly the area did not h ave a n abundance of 

s uit able p rey items for the b a l een whales. 

Ship Traff i c 

A tota l of 1161 s hips a nd b oats passed th ro ugh t h e s tudy area b tw e n 



28 June and 27 Se pte mber . The s hips we re p l o tt ed on a his .to g ram to 

determin e if their presence was concent rated in particular parts of the 

day which co uld bias the recordin g effor t to only t h e times when the 

s hips were not in the area . The s hip traffic was slightly grea ter before 

noon ( 6 5%) but was fairly evenly di s tributed throu ghout the day . 
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Therefore the effect of s hip noise can be considered random . Of the a n imals 

sighted near s h ore a nd fo llowed , recording was possible in only 2 7% o f the 

minke whale siEhtings, 31 % of the fin whale sightings , and for one of 

the two blue whale sightings (Table 3). The approach of a s hip during 

a sighting increased the noise leve l approximately 10-15 dB as indicated 

by the required increase in attenuation to prevent overloading the 

tape recorder . On one occasion the noise level was increased b y over 

24 dB by a Norwegia n s hip (Brage Pacific, 1 8 Au pus t, 06: 30 h). Although 

I us ual l y ceased r eco rding wh e n s hips approached within 1 km of the 

hyd r oph on e , on e t ape i n cluded a period during which a pass in g s hip 

stopped it s motors . When the s hip star t ed again, the wha le so und s were 

partially obscured due to the overlap i n fre que n cy a nd the high e r sound 

pressure level of th e s hip (Fig . 10). Two long intercall i nte r val s 

(36 a nd 45 s ) o ccurred just as th e ship noise inc r ease required a 4 dB 

increase in my Nag ra a tte nuation to permit continue d recording . The 

intercall i nt e rval averaged 5 .5 s prior t o this pa use a nd 8 . 5 s 

followin g th e pause. No other variations were ob v ious after 

t h e ship nois e in c r eased . 

.!_ndividual Identi ficatio n 

Over 1,000 photo g raph s of whales were taken in an at t e mpt to identi fy 

individuals by dorsal f in shape . Thirty-four rolls of Plus X and 16 

ro lls of Tri x we re used . Th e parameters outlined in the me tho ds 

section were used s u ccessfully to sort the same individual ' s photo r raphs 



from th e same sighting . The photographs could then b e distinguished 

fo r animal s of different sightin gs with confidence . Enlargements of the 

dors a l fi n WRS necessary as some variatio n due to water or li~1ting 

effec ts were only apparent with comparison b e twee n s imilar e nlargements. 

One fin whale seen in 1973, 1974, a nd 1975 during Hitchell ' s st udy was 

re s i ght e d during our study. A photograph fro m Mi t ch e ll ' s files was 

compared to ours a nd the unusual dorsal fi n had not noticea bly changed . 

Sightings of distinguishable ani!T'als whi ch h a d produc e d so unds co mp rised 

the subsample a n a lyz ed for individual variation ( Fig . 11) . 

Sound s Recorde d 

A total of seven 365 m reels of t ape a nd for t y-six 549 m reels of 

tape we re used to record the three s pecies of baleen whales , the minke, 

fi n and the blue ; b elugR whales; and a vari e ty of s hip s . Recordin gs 

Were mad e of b ackgro und noise duri n g diffe rent sea sta t es to document 

Wave nois e . One sighting of a b ot t len ose w11ale , Hyperoodo n a mpullatus , 

was recorded, but no sounds were on the tape which could n o t be a ttributed 

to be lugas or baleen whales . Samples of minke whal e and blue wha l calls 

were co mp are d t o the fi n whale sounds to facilitate identi fica ti on 

of source during multispecies recording sessions . The so und s we re 

separable primarily on duration and f requency parameters . 

Call i nte nsi t y was not a re li able predictor o f so urce durin g this 

s tudy . I nt e nsi t y varied from 66 t o 108 dB re 20 llPa for all th e calls 

examined during the s tudy . One par ti cular call was always less intens 

than others in the same session and it is responsible for the l ower end 

of the range . Th ere was no cons is t ent variation i n intensity as a 

Whale passed through th e s tudy area or varied its orienta tion with 

respect to the hydroph one (Fig . 12) . 
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Comparisons of sounds heard in the presen ce of f in wh a l es with 

those i n the absen ce of fi n whales was reassuring eviden ce that the 

whales which had been obs erved during a recording session were the source . 

The large size of th e observa tion area eliminated the possibility th a t 

a f in whal e co uld pass within 1.6 km of s h ore without s urfaci n g: for a 

re~p i ra to ry series which would b e vis ibl e a nd frequ ently audible as 

well. 

Fewer fi n whales were observed in our area during the first month 

tha n durin g an y other time of the s tud y and no fi n whale so unds were 

recorde d b efore 14 July despite numero us a tt empt s in the presen ce of c los e 

individuals and pairs (App endix 2) . Th e n ext recording with fin whale 

sound s was 31 July. In Au gust and Sep t e mb er only two sess ions (13 a nd 15 

min) did not have any sounds . The lack of so unds may b e clue to the 

briefness of th e recording session , howev e r , sounds were present on briefer 

recording sessions (App e ndi x 2). Recording opportunities were limited 

by s hip noise . Therefore th e sample of recordings was not random nor 

Was it a n exhaustive attempt to record the occurrence of fi n wh a l e ca lls . 

Recordings were only made wh e n a fi n wha l e was less tha n 2 km fro m shore , 

Within our visual ran ge , wh e n b ackg round noise l eve l s p ermitted me t o 

monitor so und leve l f lu c tua tions during a sighting . My results i n dicate 

there was less so und p ro duc tion in July when there we re fewer whales in 

0 ur area , but systemati c documentation is n ecessary b efore a ny con c lu­

sions may b e reached . The number of calls p ro du ced t e nd e d to increase 

With the numb e r of a nimals in the sighting , indicating more than one 

animal was calling . Silent r,roups a l s o occ urred (Appendix 2). 

I examine d 1645 sounds recorded in the presence of the fi n whale. 

Only 1522 could b e clearly distinguished from the nois e for f u r ther 

analysis. Th ese sounds were placed in one of 11 cat erories based on 
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the structure of the call , the freq uency ran ge, and the duration 

(Fi gs . 13-16). Ten of these structures were ~istinct so un ds whil the 

f inal was a continuous long call or r umbl e . Frequency and duration 

rar a me t ers are plotted ir> Figs . 1/-18 for comparison . Overlap be tween p1os t 

of the st ruc tures is apparent. The relative occurren ce of tl1 e t e n 

call s tructu res for the total fi l e is s h own in Fi~ . 19. Because of the 

difficulty in determinin p when one long call ended and the next hep-an, 

the r umble was not quantified by the nureber of individual occurren ces as 

were the other structures , but was o n ly recorded by i t s presence or 

a b sen ce <luring a particular session . Th erefore i t is n o t included in 

Fig . 19, but appears in Appendi x 2 . 

Eighty-two percent of th e calls were structure 1, a downsweep 

(Fi g . 13). A downsweep is a rela t ively continuous drop in frequency from 

ini ti a tion to t ermination of the call. Th e freq ue n cy sweep is most 

rapid a t the b eginni n g of the call . Th e initial freq ue n cy (FI) is the 

hi gh es t freq ue n cy ( Fll ), a nd th e fi nal fre que n cy ( FF ) is th e lowest 

freque n cy (FL). Although FI ran p:ed fro m 14 t o 118 Hz , 60% of the call s 

had a n FI b e t ween 21 and 31 Hz . Th e FF was b e t ween 16 a nc 21 llz for 

73% of the calls . The FF h a d a definite mode at 18 ll z . I nit i a lly n o 

distinction was made for fre quency , h owever , examinat i on of all down-

sweep parameters i ndi cated th ere are two downsweep t ypes . A plot 

of FI a nd FF (SPSS /sca ttergram) s hows a stron g rel2tionship (Fi r . 20), 

but a cluster of points in the lower freq ue n cy range (1 8-4 0 Hz ) was 

not a d equate l y represented . The same is true for the plot of the freq uency 

di ffere nc e ( FD) and FI. In this in s tan ce , the plot is i n cr asin g 

rapi <lly b e tween 15 and 45 Hz , then th e i n crease l evels off asymp t o tically 

(Fi g . 21) . Expansion of th e scal es for b o th plots revea l ed t wo differ nt 

trends, indicating two t ypes of downsweeps exist . For frequen is 
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above 44 Hz, the FF versus FI graph has a steeper slope and a hipher 

correlation coefficient than for FIL 44 Hz (Figs . 22 , 23) . The graph 

of FD versus FI has a correlation co fficicnt of .7984 for FIL 44 Hz 

(Fig . 24) , and no correlation for FI ~ 44Hz . Examination of both sets of 

graphs indicated the change in parameter association may actually occur 

with initial freq uencies a round 40 Hz. Comparison of FF versus FD 

indl cate d the final freque ncy clump below 30 llz is related to the same 

phenomenon (Pig. 25) . A corresponding cluster of FD values occurs below 

20 Hz on both graphs . 

FD had a range of 1 to 42 Hz for the downsweep. However , 50% of 

the calls had a freq uency difference be tween 6 and 10 llz . The durations 

measured for the downsweep were be tween 0.2 and 1 . 8 s . Sixty percent 

Were between 0 . 5 and 0.9 s . 

The constant frequencies call is the second call s tructure observed 

during the analysis (Fi g . 13) . It lacks the freq uency sweep of the 

downsweep. Nearly all the freq uencies produced during the call are 

Present throughout.The FH values appear to be bimodal and two group s of 

cons t ant freq uencies calls may exis t. A peak occurs between 18 a nd 21 liz 

( 39%) and another occurs a t 60 Hz (8%). The latter may be a meas urement 

error as 60 Hz noise was always present and hampered measurement 

between 58 and 62 Hz . However , the FL measurements are also bimodal. 

One peak occurs at 16-18 Hz (4 0% ) and another occurs between 36 and 40 

Hz (15 %) . The most defini tive parameter is the frequen cy difference . 

Sixty-nine percent of the constan t freq uenc i es cal l s had a bandwidth 

of 1 t o 6 Hz . There is a second peak between 10 and 11 Hz . 

The enti re ranre is also smaller than that of the downsweep , only 1-28 

Hz. The constant frequencies call FD appears to be more consistent 
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t h a n tha t of th e downs weep , as i ndica t e d by th e l ack of sca t ter i· h 
- n t e 

p l o t of FL vers us FH ( Fi g . 26). The d uration of th e co ns t ant f 
req uencies 

call is s horter t h an tha t of th downsweep: 70 % of the call s wer b 
e et\veen 

0. 3 a n d 0. 6 s . The inte n s ity (IN) of the co ns t ant f r e que n cies Call 

ten de d t o b e l ess tha n the o ther calls i n t he same sigh t ing . IN 
Values 

ran ge d from 66 t o 9 6 dB re 20 uPa with a mean of 88 dB . 

The t h ird s t r u c ture i s a combi n a tio n of a con s t a nt f r e que n cies 

ca l l and th e downs we p . Thi s cal l was not r ecorded f requent ly a nd may 

o r may n o t b e a separa t e call t yp Th e co mbina t ion ca ll has the 

a p pearan ce of a wi de -b and call with t he l ower f r eq ue n ies exhib i t i n g th e 

downward s weep ( Fi g . 13) . Th e freque n cy range i s more limi t e d than for 

e ither downsweep o r th e con s t ant f r e que n cies call ( Fi g . 17). Th e 

d i s t ri butio n i s s tron g l y bimo dal . However , only fo u r t een of tl1ese ca l ls 

w re examine d and thi s limite d samp l e may n o t b e r e p resen t a t i ve of th e 

true di s tribut ion . Th e FD d i s t r ibution i s gr ea t e r t ha n for ei ther 

of th e t wo p revi o us s tru c tures . Th e dura tio n of th e co mbina tion call 

vari e d from 0 . 4 to 1 . 7 s . On e - fo urth o f th ese calls we r e 0 . 6 sand 

h a l f we r e b e tween 0 . 4 a n d 0. 8 s . 

The fo urth s truc ture reco rd e d i s a t on e associ a t d with l o ud 

downs weep s . Th e ton h a d di f fe r ent fo rms tha t we r e no t c l assifi e d 

sep a rate l y . Host fr e que ntly it was a con s t a nt fr qu e n cy ( 33% ) . 

The r e ma ining tones s h owe d a fr equ en cy ri s , d rop, o r s li ght in-

t e rn a l fre que n cy mo dul a tion. Altho ugh the t one in i t ially appea r e d t o 

be nonh a rmoni c , s on agr a ms r e vea l d a poss ible f und a menta l in the 20- 25 

Hz r a nge wh i ch m r ged with th e downs weep followin g the t on e ( Fig 14) . 

th e FI ran ge fo r th e t on was 1 29-150 Hz , however , 61% were be tw e n 1 36 

a nd 140 Hz . If the 20- 25 Hz comp onent is a f und a me nta l, the a udib le 

portion o f the call i s a 6th or 7th h armonic . No o th er harmon i s w- r 
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visible or audible. The duration of the tone was always shorter than 

that of the downsweep that followed. Seventy-one percent had durations 

between 0.3 and 0 . 7 s. The intercall interval for the tone was far 

more consistent than the interval for any other call. The time from 

th e beginning of the tone to the be ginning of the downsweep was 0 . 5 s 

or less for 30% of ci1e tones, and 70% had an intercall interval of 0 . 7 s 

or less, illustrating the overlap between the termination of the tone 

and initiation of a downsweep . One ton was recorded with an intercall 

interval of 43 s. This call is not very intense and may occur more 

frequently than was perceived during this study . Tones were heard that 

were too soft to be seen on the RTA screen or a sonagram. The intensity 

range for the tone was 66-96 dB (mean = 84 dB). Comparison of the calls 
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preceeding and followino the tone revealed considerable intensity differences . 
'-' 

The call preceeding averag.ed 94 dB (range: 75-106) and was the loudest 

of the three calls 44% of the time . The preceeding and following calls 

were equally loud for 38% of the tones . The following call averaged 

93 dB (range: 75-106) but was the loudest of the three only 6% of the 

time . The tone was never the loudest call, althou?h once the intensity 

Was equal to that of the followinr call . Overall the tone is 5-19 

dB l d • I • ess than the loudest call associate wit1 it. 

The fifth call type is a variable frequency call or waver (fig . 15) , 

FH is greater than or equal to FI and FL is greater than or equal to FF . 

Only six of these calls were recorded . The frequency rang s are 

com bl 'I'he d urations were fairly Para e to those of the downsweeps. 

long o 7 were produced for this call due - , . - 1.0 s. No scattergrams 

to the small sample size (n=6) · 

• (F • g 15) Th upswee11 is An up sweep was recorded twelve times i • • 

cha • f ncy over time . The initial racterized by an increase in .reque 



f requency is the l owest freq uen cy of the cal l and the fi na l frequency is 

the hi ghest ( FI = FL) and (FH = FF). The freq uen cy ran ge recorded 

is b road, from 20 to 89 Hz for FI and 24 to 117 li z for the FF. The 

FD is fairl y smal l, fro m 4 to 28 Hz . Host calls exhibited a sweep of 

4 t o 7 Hz ( 50%). The up sweep duration ran ge was shor t er than that of 

downs weeps . Host of the upsweeps were 0.4 s (25%) or 0.7 s (33%). 

Stru c ture 7 i s ano ther infrequently recorded call (n=l9). However , 

the s tructure is very distinctive (Fig . 15). The call apparently 

r ises and fa lls simult aneo usly, sp l i tting from the initia l freq ue ncy . 

The hi ghes t freq uency is greater than the initial. Because the lower 

por tion of the s plit call is sustained beyond the upp e r po rtion, the final 

frequ en cy i s the lowes t frequency. No other form of the split call was 

observed. Both th e initial frequen cy and the high freq uency values 

are in the same ranr,e as thos e r ecorde d for the downsweep. The 

freci uen cy low of 8 Hz is lower than any other cal l r ecorded . The 

freq uen cy dif feren ce distribution i s most comparable t o the downs weep . 

The dura tion range , from 0.3 to 1.1 s , has two peaks, 0.4 sand 0.7 s , 

33 

as Was seen in the upsweep . Once again, the limited sample size is probably a 

factor grea tly affecting the a pparent range. 

Double calls were given a separ a t e ca t egory although they are a 

t emporal variation and do not exhibit distinct s truc tura l differences . 

Double ca lls are two downsweeps which appear to occur as a pair having 

a shorte r intercall interval between the two calls than fol lows the 

last of the pair. ~he second call may overlap the first , and fo r 

this reason I believe the calls are prod uced by two animals . No 

consist ent temporal pattern was maintaine d th ro up.hout any r ecording in 

Whi ch double calls appeared. A series of double calls exhibiting 

Sli ght varia tions in intercall interval are s hown in Fig . 15 . 



Th e nin th st r uc Lure so unds vffy s imilar t o the r e l ease of 

bubbl es un d rw;1 t c r (F i. r; . 1 6) . TL is unlike l y t h i s is a call , a l tho u gh 

it m;iy :iavc s i p,n.1 L va l ue i. f it l s a by-prod uct of fe e din g . Bubb le-

l ike so un ds were reco rd ed o nly s i. > time s . Th e sound is general l y 

b roc1clb a n d , VJ i. tl1 a FD o r 7 t o 39 I[:; ove r a l l, and has a modera t e d ura t ion , 

0 . 6 t o 1 . 0 s . l•'l[ r a n p.ecl f r om 1 9 to 7 3 Hz a n d FL ran p:ed f rom 16 t o 

40 l-l z . 

'l11 ucls a nd s l.-:rn1s a r o ano th e r ni s cellan eo us so und t ha t canno t b e 

c l ass i f le d a s a ca l l . These nr arery b roadban d a n d s h ort durat i on 

so un ds t h n t .1 r c p r ob ab ] y prod uc cl differ ently from a ny of the o ther 

calls o r so und s p r e vi o us l y desc r ~ed . As i s sugges t e d b y the t erms , a 

t h ud i s a l owe r f r e qu e n cy so und t ll a n the slam. Th e s l am f r e q ue ntly h a c1 

comp on en t s t h cl t r eac he d ll P t o 1 kll z . Th ese were not n ces s a r y f o r ch arac­

t er j Zcl Li. o n a nd we r e no t me a s ur d . Th e ma ximum r eco rd e d v a lue was 200 Hz . 

Th a ud i ble dif fe r e n ce is s i mi l ar t o t h e d i fferen ce b e tween h i ttinv a 

wo o de n s urface wi t h a c l osed fi s t ( a th u d) vers us a n op e n h a nd ( a 

s l a m) . Th tvJO we r e p l a ce d in th :l same cat egory due t o the s ub jec t ive 

de t e rmin a tion r e q uire d to c J. ass i f)' so und s tha t s e e me d t b e i nterme dia t es 

d uring the ori ~lna l me a s u r e ments . Th e plo t for FD ve r s u s Fl illus t ra t es 

t h e d i. F Fe r e n ce b - wee n th e tw o r evea l ed i n the re l ation s hip b e twe en 

th ose t wo pa r a me t e r s (F:i. g . 27 ) - Th ere is a mod e for FH a t 90 Hz , a t 

J. 5 Hz ro r l'L , nn d a t 7 r:: li z fo r VI: from a n even i n g reco r din g of thuds 

tha t w r e ve r y s t e r e o t ypes (Fi p . 1 6) . Al t h o ugh the ran ~e o f d u ra tion 

:i. s 0 . 2 to 0 . 8 s , 8% o f t h e t huds a n d slams wer 0 . 3 s l ong . 

Th e f in a l s t r uc ture , n un, ;) r 11, is a r umble (Fi p.: . 16). Th 

r umb ] l s a fr e que n cy a nd a mp ] it ud e mod ula t ed lon g cal l . I n i t ial ly 

t h e ca l l has no liarmo nL c s tru c u re, b ut as the i n t e n si t y i n creases 

harmoni c. are .1 pparen . Th i s ca~ l was en c ountered rarely , as l is t e d 



in Appendix 2, howeve r, when produced, it was severa l second s lon g . 

The frequency r a n ge for th e rumbl e i s 10-30 Hz,_ and the r e may be second 

a nd third h armonics . The rumble loses the frequency modulation with 

distance and may be confused with a distant blue whale call. Therefore 

the only rumbles examined \lere those occurring when the source could 

be confirmed. 'l'he rumble was recorded during only five of the sessions 

but was present during o ther session s th a t have not b een detailed 

here (Appendix 2). 

Followinf classi fi cation o f the structural groups I ran a stepwise 

discrimi·nant analysi· s us i·ng SPSS t an compu er program. Problems with 

th e SPSS pro g ram apparently caused deletion of some of the data . The 

Procedure was co nducted despite violation of the norma l di s tribution and 

equa l va riance assumptions for multivariat e ana lys i s . For these reasons, 

th
e results are only of heuristic valu~ in suRgesting the importance 

of variables collected durin r this stud y for separating the different 

st
r uctures whose variability may b e import a nt biologically if not 

statistically. 

The variables given for analysis were FI, FF, FD, duration (TD) 

a nd the rate of frequency change in a call, R, calculated by dividing 

th e frequency difference by the total duration yielding a rate value 

(H z /s ec) . Th e purpose of including all th ese paramete rs 

Was to determine which combination of parame t er differences would be 

adequate to distinguish amonp. the s tructures . Intercall interval was not 

entered since the interva l may h ave been dependent on the number of 

animals calling, and not the call structure for most of the structure 

types. 

For the first analysis all of the downsweeps were grouped together . 

Three d • . . f . ere produce d and two were used for plotting iscriminant un ctions w 
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centroids (Table 4). FL was most important in the first function and 

FH was most important in the second. The order of variable entry in 

the stepwise procedure was determined by th e increas e in Rao 1 s V, a 

statistic which max imiaes differences between groups taking the intra­

group variation into account . FL entered t11e function first and there­

fore provides the best means of discriminating the structures. R 

appears as a positive value in both the first and second function and was 

the second variable entered in the analysis. This result indicates the 

combination of FD and TD into a rate variable provides more distinguishing 

capacity than either variable separately. FI did not enter until the 

th ird phase. FD only adds discriminating power in the second function 

and TD i·s o ·f 1 1 itt e significance in either. Plots constructed by using 

the first and second discriminant functions provide a visual comparison of 

the difference between the group centroids which should be distinct 

from all other ~roup centroids (Fig. 28). The test of the discriminating 

power is to reclassify all cases into groups using the discriminant 

function. Reclassification was correct for only 44 % of the calls, 

however, the results J11ay indicate relationships between the calls. 

Th ree structures were classified into their group alone : the constant 

frequencies call, the tone, and the thud, slam. Downsweeps were plac d 

in their )?:roup, group 1 most frequently, but were also placed with all 

Other structures except the tone. The combination call was correctly 

classified into group 3 for 77 % of the calls, but 23% were placed with 

double calls. The plot of rroup centroids (Fig . 28a ) reveals a close 

association in the function parameters for the downsweep, constant 

frequencies call combination call and the double call. Because o f th e 
' 

Similarities discuss e d under each structure it is not surprising that 

the se structures appear clustered . 
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The discriminant anal ysis was repeat ed usinR two groups for the 

downsweep , dividing s = 1 at FI = 40 Hz . Fo r this r un, four discriminant 

f un ctions were produced . FF was lo aded most heavily in function I, whil e 

FI was loaded mos t heavily in f unc tion II (Table 4). The correc t 

cl assification percen t ape was higher : 50%. Again, only the constant 

freq uenci s call, tone, and the thud/slam category were correctly 

classified for 100% of the calls . The higher downsweeps (FP40 Hz) 

we r e not classified co r rectly for 60 ;~ of the calls. However, the lower 

downsweeps (FI f 40 Hz) were cl ass i f i e d correct l y for 52 % of the cases , 

whi l e 38% were pl aced in gro up 2, the constant fr quencies call. The 

plot of group centroids (Fig . 28b) appears to be reversed , and the 

downsweeps are well separa t ed . The high downsweep is closes t t o the 

thud/slam ca t egory . 

_§__~sioE_ Analysis 

The analysis of the en t ire fi l e of calls de fined the overall 

variability in call types . The second phase of the so und a nalysis was 

an examination of the be tter recordings t o determine the distribution of 

each sound in the di fferent recording sessions . I t ransformed the ac tual 

numb e r of each structure t o the percentage of th a t s tructure for the tota l 

session to faci litate comparison of sessions with different numb ers of 

calls . Bo th the number a nd the percentage are presente d in Table 5 . 

Sess • d ions f rom the same sight i np are ?ro up e • ~he sessions includ e 

recordinps of s ingle anima l s , pai rs of adults, an ad ult a nd calf pair , 

a Pair of adult animals with a calf , two pai rs , and three or more 

dis persed animal s . The behavioral ca t egory for each sighting appears 

in Apnenct 1• 2 Two sessi·ons were recorded at night to document thuds • X • 

aoc1 distant calls. 
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'l'he occurren ce of downsweeps and constant frequen cies tl 
1roughout 

the session s indicates their relative importance in the repertoi 
re. 

Th e thuds and slams occur during several sightin gs . 
They are primarily 

rernesen ted by the special ni ght session and the recording d 
urinr, hi gh 

seas (B=S ) when several fin whales were in the area . 

Because the down sweep was the predominant call, it •was 
examined for 

inter- a nd intra-session variability which could be related t 
0 individual 

or context ual variation . The previous structure analys e s of all the 

down sweeps recorded from this sample of the St . Lawrence population 

provi ded the bas i s for comparison. Scattergrams revealed no cliff rent 

underlyin g covariate relationships for any recording session . R h 
1 , t e 

rate parameter, covaried with FI as it had for the toal file of 

downsweeps, but the relation s hip h ad a correla tion coefficient of o. 7 or 

more ( r
2 

= 0 . 5+) for 13 of the 18 sessions for which R was calculated . 

The positive corre l a tion coefficien t indicates R increased with increasin g 

values of FI , h owever , this r elations hip was stron ges t for th e low 

fre que n cy downsweeps (FI f 40) and did not a lways exist for high down­

sweeps if examin ed separately. 

Hi s to grams were used to visualize va ri ation in ranr;e and modes within 

a nd between sightings . Al though t he number o f repeated record in gs of 

the same numb er a nd c l ass of whales were few ( e . g ., one adult, an adul t 

a nd calf ) there were some sugges tive trends. Variation in down sweeps 

was least for so litary a nimals, regardless of the number of calls record d 

( Fig . 29 ) . Reduction oE the one long solitary fi n sighting into 

cons ecutive sess i ons illus tra t es the s light intra-sessio n variability 

(Fig . 30) . Comparison of th e para meters Eor the individuals reveals 

no apparent differences which mip:ht indicate individ ual variation 

(Fig . 29) , However, both whales lacked distinctively di fferent dorsal 
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fins. Host solitary individuals produced primarily low frequen cies . 

One solitary individual produced only the hi r.h frequency downsweep . 

All of the recordings with only hi gh freq ue n cy downsweeps had few calls 

( ran p;e : 3-18). 

Varia ti on was grea test in downsweep charac t eris ti cs for recordings 

of pairs of adult animals (Fi g . 31). However , no dis tinct l y bimodal 

patterns were apparent in these recordinps. Thus there was no indication 

of individualization . Of course we do n ot know if one or both of the 

animals was calling. An ad ult a nd ca l f recorded for two sessions h ad 

on e session of low downsweeps and one with 31% high clownsweeps . The 

variability may be related to social activity . 

An adult-calf pair and another adult (05:52, 05:55, 14 Auf) were 

observed for over 3 hr . During that time the animals separated, rejoined 

after l hr and th en separated apain . Ship noise prevented continuous 

recording but three of the five sessions co uld b e analyzed . The firs t 

was recorded afte r th e pair left the adult, who remained in the area . 

The second was recorded wh en all three ani~als were reunited and the 

third was recorded af ter the single adult left and the adult-calf pai r 

remained in t h e area . Therefore, this sighting potentially has both 

individual and context ual variation. 

As shown b y the FH , FL histog rams (Fig . 32) , the first session had 

a lower range of FH values ; the second had two peaks, one corresponding 

to the peak of the first session, and one corresponding to the peak of 

the third sess ion . FL values do not show a similar s hi ft . If the FH 

mode of the first session is attributed to the solitary animal , and the 

Fll mode of th e second session attributed to the ad lt-calf pair , we 

would expec t a bimodal distrib ut ion when both were in the area . The 

seco nd session is s u gges tive l y bimodal. The call duration a nd freq uency 
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difference t ended to increase throughout as FI-I increased (Fig. 33). 

Finally, if we compare consecutive subsessions for the soJ_i tary whale 

(Fig. 30) and for the pair discus sed previously (Fig . 34), we see no 

similar shift in FH values . 

All of the sessions examined had limited TD ranges and the mean 

values were very similar as a result. Intercall interval range varied 

greatly. However, values were clustered below 12 s for all sir.htings 

as was apparent for the entire file of calls (Fig. 35) . The great est 

and most consistent variation occurred in the frequency parameters . 

The coefficient of variation was calculat ed for the freq uency para­

meters of each session and subsession (Appendix l) . These values were 

compared to the coefficient of variation for the corresponding parameter 

for the entire file of downsweeps. The coefficient sho uld be smaller 

With . in sessions than fo r the total fi le if individuals consistently 

Produce downsweeps tha t differ from other individuals ' downsweeps . 

FD had the highest coefficient of variation for the entire file and 

for 83% f o the sessions . FH had the lowest coefficient of variation for 

the total file, but was the intermediate value for 58% of the sessions . 

FL had the lowest coefficient of variation for 58% of the sessions . 

Closer examination of the sessions revealed inconsistencies within 

sightings for the relative variation of Fll and FL (s ee Appendix 1) . 

Therefore , either co uld be important . I produced a series of scatter~ 

&rams to examine the ran?-e of Fl-I, FL, and R for each tape session . The 

output was a bar graph for each parameter. It was apparent from these 

bar graphs that the ranee of intra-session values overlaps consioerably 

With inter-session values , even for FH (Fig. 36 and 37) . I n addition 

there are no distinct clumps of values in multiple animal sessions that 

mi ght correspond to individual ranges . 

40 



Figure 11 ill ustrates t he dorsal f in var i a t ion fo r the i ndividuals 

recor ded a n d photograph ed and i n di cates which sig:1 tinvs are be l ieved 

t o be th e same anL mal or ani~al s . Comparison of reco rd i ngs for these 

anima l s di d not revea l any pa ttern . Few of th ese record i ngs a r e o f 

so l itar y individu als and more th an one ani mal mRy have been call i ng . 

I n Addition, pai rs may no t prod uce i nd ivid ualized cal ls when with a 

' known ' companion , 

Since no s ingl e parame t er indica t ed i ndivi dua l vari a t ion I ran 
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ano th r SPSS discr iminant f un cti on a na l ys i s us ing sessions as the a 

prio r \ groups . Aga in, the ass umpti ons of normal i t y and equ al va ri ance 

were vio l a t ed . The purpose of the run was primarily t o exami ne the gro up 

cent ro i ds p l o t fo r c lus t ers tha t represen ted t he same sight ing . St e p~ 

wi s di s c rimi nan t a nnlys i s to max Lmi ze Rae ' s V was conduct e d t o 

de t e rmine if Fun c ti ons co uld be define d which would separ a t e th e calls . 

The vari ables ntere cl were Fl-I, FL, FD, R, and TD . Gro up cent r o i ds 

were no t co ns i s t e rt wi thin s ess ions of th e same s i r hting o f the s ol i tary 

i ndividua l . Ther -fo r e little can b e infe r red about the oth r sess ion 

r es ults . A secon ci discriminant a na l ys i s was conduc t e d on only s i x 

sess i ons to r e cluc th e group va riances and i mprove the hypo thesis 

t es t i ng capability of the ana l ysis . The discrimin ant f unctions di d 

pro duce di f fe r ent r r oup centroids , but the f un c tions could no t 

cor r ec t ly r ec l ass i fy a ma j o rity of th e call s . 



DISCUSSION 

Observations 

During this s tudy w recorded th e occurrence a nd activity o f f in 

whales in order t o docume nt any patterns or c hanges in behavior which 

might b e correlat e d with soun d production. Fin whales occurred singly 

most freq uently . A comparison J f July , Aup,us t, and September ill ustrates 

a marked increase in the oc urr~n ce of l aq:ie r p,roup s of wh ales . This 

trend p eaked in mid-Sep t e mb r . 1'here was also an increase in the number 

of solitary si ghtin rs , indicatinr an overall increase in t he activity 

of fi n whales in th is particular area . No fi n whales were sighted n ear 

s h ore o r during scans on 22 days with full observa tion. I n comparison , 

no minke whales we r e obse r ved o n 10 of the days with f ull observation . 

Minke whales were almos t always o b se r v d sing l y , while fi n whales 

were freq u e ntly in gro up s . Th relative patchiness of f in whale 

occurrence may b e relatec! to prc up movements through o u r area . 

No diurnal pattern was consis t ent for al l fo ur observation periods . 

The whales did not seem t o move with or against the tide in our area . 

However , the bimodal dis tr ibution fo r all fin whales (Fi g . Sc) indicates 

th e whales may trav 1 when th e tidal f l ow i s grea tes t. Norris et al . 

(1977) monitored rray wh a l ac tivity a nd correla t e d their move ments 

with the tidal cycle in Madalena Bay , Baja California . During low 

tide, ti1 e s hallow wate r was a potentia l h aza rd a nd t he whales moved 

into deeper water a s the t ice fell , presumably t o avoid stranding . No rris 

also fo und the whales ' ac t ivity pat t ern was co rre late d to tidal 

movement . The wh a l es fe d when t he tidal v e locity was hi gn and i nte r-

acted s ocially during lower veloci ties ( Norris and Wursig, 1979). 
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Similar s tudies have been co n duc t ed for odontocet populations . 

Shane (1977) and Irvine et al. (1978) found that bottlenose dolDhins -- t , 

Tursiops truncatus, generallly move with the tide, unless they are 

searchin g for food. Saayman and Taylor (1979) reported that humpback 

dolphins, Sousa sp . , decrease group movement as the tide ris sand increase 

their feeding ac tivity a nd resting episodes . Since the baleen whales 

were not exhibiting feedi n g behavior in our area of the St . Lawre nce, 

they may have been moving to other feedin g 7rounds between the tides 

so as to b e at a good site during the hi gh tide . This tidal relation­

ship may be the result of prey concentrBtion due t o tidal c urrents . 

Gaskin (1976) reported that feeding minke whales concentrate their 

activity in areas with rip tides . 

Ship Noise 

As presented in the results, ship noise can interfere with the 

reception of fin whale sounds . However, ship noise was consistently 

restricted to freq ue n cies above approximately 25 Hz. Therefore it is 

the hi gher freq ue n cy calls and the initial freq uencies of the lower 

freq ue ncy downsweeps which are masked by the ship noise . Th ere is the 

possibility that s hip noi se may adversely affect fi n whale communi ation, 

Althoue;h we did not quantify s hi? and whale interactions, we have noted 

occasion s wh en whales a ltered their paths and increased the distance 

between themselves and a vessel . Calves and adults may reorient to 

place the adult between the calf and the vessel . However, ship traffic 

is a cont·nuous constituent of the environment for fin whales in the S t. 

Lawrence River and it is likely they are accustomed to encounterin~ 

the ships. 

Power boat harrassment is an increasing problem. ~1ale-watci1ing is 

a r,rowing industry in the St. Lawr nee River . Because th fin whale has 



more predictable a n d l on ger surface t imes tha n the mi nke , an d i s fRr 

more ab un dan t tha n the blue whale, it wi l l b e the b a l een species mos t 

affected b y t h a t i n dus t ry . Acoustic and physical h arrassmen t by power 

b oats may b e less cont i nuo us tha n fro m s h ips , bu t n o less serio us . 
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Othe r inves t iga t o r s who h ave s tudied wh a l e 2.n<l vesse l i nteraction s h ave 

i ndicated tha t humpback wha l es a lter t h eir b eh avior wh e n s hi p s approach 

(Ju rasz and J urasz , 1977). Hudnall ( 197 8) a nd Herma n ~ a l. ( 19 79) 

repor t e d tha t Hawaiian humpback wh a l es may avoid a r eas f r eq uent ed b y 

huma n s . Gray wh a l es are a n import;:in t t ouris t a ttrac tion in their 

b reedi n g lagoon s a nd a l on g th e i r rnif,ra ti on ro ut e . Reeves (19 76) r evi ewed 

the proble m of h arassme n t for th is spec i es . 

Sound Prod uc tion 

Ten of the ll so und str uc tures recorded fro m f in wh a l s during 

t t1is s tudy h a v e been recorded From other species O f b a l een wha l es , al tho u p.-h 

a ll do n o t a ppear in the litera tu re, Th e only call which h as not been 

described is the combina tion cal l . The dif feren ce b tween a comb i n a t i on 

call a nd a down sweep is very s ub t l e on a son ap:raw, the mos t t ypica l 

meth od fo r a n a l yzin g wh a l e so unds . Th e dis tinc t ion is fa r mo r e apparent 

on the RTA sc r een . I b e lieve more Lnves t irato r s wil l f ind the 

combina tion s truc ture i f th ey ro utb.e l y use sca l e maimi f i ca tion or an 

RTA. The downsweep a nd 20 Hz moan 3re t he predomin ant calls repo rte d 

i n the f in wh a l e literature , a n d these we r e the mos t common calls recorde d 

during this s tudy . 

Some inves ti fa t ors h ave repor t e d whi s tles , chi rps (P erkins , 1966) a nd 

hi gh fr e que ncy pulses (Th ompson ~al., 19 79 ). I did n o t record a ny 

s ounds s imila r to th ese . Cl ose p r oxir.ii t y of t t1e whale i s b elieved t o 

b e n ecessar y for recept ion of th se low l evel siirnals ( Th ompson ~ al . , 

1 979) . Th e f in wh a l es in ou r area freq uently were wi t hin 200 m of t he 



hydrophone, but r arely closer than 50 m. Higher freq uency pulses and 

cl i cks ha ve been recorded for other baleen species (see Thompson e t al., 
--

1979 fo r a review). Therefore it is possib l e fin whales produce 

s uch so unds . Six of the 11 s t ructures I have recorded from fi n whales 

h ave been recorded from thi s species by oth er investigat ors either in 

the Atlantic or the Pacific Oceans. 

Schevill and Wa tkins (196 2) were th e first investigators t o 

posi tive ly identify the f in whale as a source of th e 1 s , 20 Hz moan. 

Their continued research on North Atlanti c f in whales r evea l ed two 

downsweep t ypes : the 20 Hz downsweep, described as a sweep from 23 to 

18 Hz, and the 40 Hz downs weep, described as a sweep f rom 75 to 40 Hz 

(S chevill and Watkins, 1972 ; Wa tkins , unpublished da t a ). Durin g this 

s t udy my early ana l ys i s did not reveal a s imilar di chotomy fo r initial 

a nd fi na l f r equencies . Th ere appeared to be a continuous range of 

values . However , examination of th e i nterac tion of frequen cy variables 

( FH , FL, FD) revea l e d a chan ge in con commitant variation near an initial 

freq uency of 40 Hz. My da t a indicate the hi gher frequency downsweep has 

an initi al frequency in the 40-100 Hz range, with f inal freq uencies 

be low 40 Hz (Fig . 22). Watkins ( unpubli s he d data) has recorded the 

higher downsweep more f requently than th e lower downsweep in the s ummer 

months. During this study, 82 % of the downsweeps had an FI of 40 Hz 

or l ess . Thus the lowe r downsweep was recorded more frequently and 

cons i s t ently from l a t e July through September . Although recordings of 

hi gher downsweeps we r e made throughout the summer , these recordings 

consis t ently h a d fewer calls . 

No rthrup ~ a l. (1968) recorded al t e rna ting downsweeps of two t ypes 

in the Centra l Pacific : a 27-18 Hz downsweep and a 44-18 Hz downsweep . 

They noted the briefer downsweep was a lways l ess int ense by 3-5 dB . The 
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latter may have been a call from a mor e distant whale, a lthou gh the 

di F Eercnce in freq ue ncies could cer tainly have b een real variations. 
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The bri efe r down sweeps co uld i1ave ap peare d bri e f e r b eca us e of attenuation, 

as s h own i.n Fi. g . 4. However , the a ttenua tion increases I us e d to 

illus trate lo ss of the real FI were 10 dB increments . I n a ddition the 

a mount oE th ca ~l t h at is lost by a ttenuation would be de p endent upon 

the rise time For th e maximum intensity . It is possible thc1t one animal 

is producing a p1tte rned ca ll alternating frequency and int ensity 

di.arac t eristi cs . A direc tional recording system i s r equired to de t e rmine 

iE one or more anima ls are calling . An aco ustic directionalizer has 

b e n des i gne d a nd s uccessfully us e d for southern ri~ht whale research 

b y Clark (1979) . 

The cons t ar,t frequencies calls r ecorded durin p. this study may Eall 

into two cat gories . The boundary is not defined by concom111i tant 

varia tion, however. During the sound analysis there appeared to b e a 

continuum of cn lls of low inten sity , Some had slight frequen cy sweeps 

(1-3 Hz) whil others did not . These were classified as downsweeps and 

constant f r e quencies calls, respe c tively . As was presented in the 

description of the co nstant frequencies call, 39% of the calls had FU 

values oE 21-H Hz and 40% had FL values between 18-16 Hz . This 

r e lative ly narrow bandwidth is similar to the sustained f inal frequency 

bandwidth oE downsweeps (s ee Fi g. 4) . The shorter duration, lowe r 

Fll and lcL, narrower FD and lower intensitv ranf.es (66-96 dB) indica te 

at l eas t som of t h e lower constant frequencies calls may be trunca ted 

downs weep s . T'lis trunca tion may b e the r es ult o f attenuation , howev r, 

ma ny of t h e constant frequencies calls were not low amplitude calls. 

Th se r:iay h av b een trunca ted by the wha le . Dis c r imin ant analysis placed 

th group centroids fo r constant frequencies calls c loser t o low 



downsweeps than to any oth er structure (Fig. l8b). 

Patterson and Hamilton (1964) reported sound s re corded in Bermuda 

from November to March . Th eir description includes several types of 

"double t s ", two calls with consistent temporal patterns . The pair of 

calls consisted of a larger amplitude downsweep with FI of 25-28 Hz 

dropping rapidly to " a s t eady 20 Hz" and a smaller amplitude "pulse " 

with a fairly constant frequency of 18 or 19 Hz. The latter call 

correspond s to ch arac t eristics I have observed for th e l ower i nte nsity 

con s t ant freq ue n cies call . Patterson a n d Hamilton also provide the only 

referenc in the fi n whale literature to a " 140 Hz pure tone". They 

fo und the 140 Hz t one associated with doublets when the unseen so urce 

was close to the h ydrophon e . Schevill (1964) identified the fin whale 
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as the sour ce fro m his st udy of the species , al though he h a d never recorded 

the 140 Hz t on e . My st ud y con f irms the produc tion of t ones by Nor th 

At l a nti c f in wh a l es during th e s ummer months . Patterson a nd Hami lton 

(1964) meas ure d the sou rce intensity for th e tone a nd stated that it 

was one-tenth the intensity of the downsweeps . I fo und th tone to be 

5-19 dB l ess intense than the downsweeps preceding or following . Th e 

maximum difference I recorded was, th erefor , approximately one-half to 

one- t e nth. Because of th e grea t dif fere n ce i n intensity, th t on e i s 

difficult to see on a son agr a m wh e n the reprod uce level is st for the 

louder downsweeps ; but even at low inte nsities , th e tone was a udible . 

Monitoring th e t a pe during a ll a n a l yses will ass u re the detection of 

tones if th ey occur . 

Cummings and Thompson (unpublished data) h ave several son agrams of 

miscellaneous fin whale sounds. One of these appears to b an up sweep 



from 40 to 80 Hz . Their recordings were made in the Gulf of California 

under social conditions similar to thos e we observe in the St. Lawrence 

Riv er . This is the only other recording done in the presence of fi n 

whales which has an upsweep . The relative rarity of cite upsweep during 

this study a nd the lack of similar sounds during o ther studi es indicates 

that the call is rarely produced or only used in specific cont exts which 

may not have existed during previous studies . There is the possibility 

that the upsweep was not produced by the f in whales, but by a n unseen 

source. This is unlikely since the intensity a nd fre quen cy ranges for 
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a ll the upsweeps were appropriate for fin whales . The only other possible 

sources are the minke or th e b e lug-a whal e . We rarely enco untered b e luga 

wha l es in o u r immediate area, altho u gh they were frequently visible 5-10 km 

away during scan s . Their distant calls were always less intense tha n 

those of the baleen wh ales in the area . I n a ddition, their h ii!h er 

f r e quency range excludes them as a possibility (Morgan, 1979; Fish a nd 

Mowbry , 1962). The minke whale is the only remainin g possible so ur ce . 

Upsw eps have not be en recorded fro m minke whales, but we know less 

about their vocalizations than we do for the fi n whale . We did not see 

111inke whales during all th e sightings in which we recorded upsweeps, 

but they were in o u r a rea freq uently . Therefore this possibility cannot 

b e completely excluded . It is unlikely that ~in ke wh ales co uld prod u ce 

t h e lower range of upsweeps (20- 24 Hz) since their lowest downsweeps 

reached 60 Hz. 

Doublets, o r pairs of calls with a consistent temroral relation­

s h ip have b een reported b y several investifators and at t ributed to fin 

whales (Kibblewhite ~ al ., 1967 ; Nor thrup g al. , 1971 ; Cumming-s anc! 

Thompson , unpublishe d dat a ). Only Cummings a nd ThoJ11pson were ob s rvinr' 

fi n wh ales during their recordin g session . While the other referenc s 



appear to be recordings of calls similar in duration and frequen cy to 

blue whale call s I recorded i n the S t. Lawrence River, the calls 

Cummings an d Thompson present do not corresp ond to any calls I r ecorded . 

The do uble calls I recorded were downsweeps which had only a temp orary 

temporal associ a tion. Th erefore , I be lieve the cal l s I designated as 

doubl e cal l s a r e produced by two individuals which may or may not b e 
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calling in response to each other. Some of the cal l s overlapped temporally, 

con f usin g the initiation and response re l ation s h ip. Additional data is 

require d to accura t e ly assess th e relationship. 

The l ast s truct ure which I r ecorded that h as b een recorded b y other 

investigators s tudying fi n wha l es is th e rumble. Watkins (unpubli s hed 

data) associ ates th e rumble with awareness of th e research vessel or a n 

unexpec t e d si tua tion. My da ta indica t e th e rumble may b e agoni s ti c 

as it was produced durinf, the ext ende d 31 July sighting of a n ac tive a dult 

pair joine d by a ca l f . During the sighting only intermitten t higher 

downsweeps were produced a long with a waver a nd a n upsweep . Th e rumble 

b egan wh e n the two adults entered our observation area a nd ceased when 

they sep a r a t e d. The l e ss active adult was joined by a very small cal f 

Which stayed nex t to "her" f lank for the res t of the sighting . The 

rumble continue d to a ppear intermittently through o ut th e sighting whenever 

th e second a dult joine d th e a dult-calf p a ir. There was no obvious avoi da n ce 

b e h a vior by th e a dult-ca l f pair, however , all three wha l es blew 

toge ther , a lthough not simultaneously, durin g the ir f ina l respiratory 

seri es in our area . Th e rumble was not present fo llowing their 

disappeara nce , 

The t erm rumble h as been used to describe low freq uency-modula t e d 

calls produced by gray whales (Fis h ~ a l., 1974; Cummings ~ a l., 1 968) . 



Eb e rh a rd t a nd Evan s (196 2) n t e d t11 e r umb l e on ly o n c e , wh e n two f.ray 

wh al e s pass in g o u t o f a laroo n e n : ount e red a no ther pair e n t e rin g t h e 

l agoon. Con s id e r ab l e s urface act i. vity was obs e r v e d b ut un fort un a t e l y 

was n o t describ ed . 

llan y of th e ca ll s truc t u r e s J roduc e d b y fi n wha les a r e a l so pro du ce d 

b y oth e r b aleen wh a l e s , a ltho ur h th e f r e que n cy r a n ges are ren e r a lly 

diffe r e n t . I n addi t ion , th e ca lls wh ich I r ecorde d in the St. Lawren ce 

tha t h ad n o t b een r ecord e d nre vious l y in the p res e n ce o f f iri whal e s are 

presen t i n the r e per toire s of o t h er b a l een wha l es . Th e only exce ption 

i s th e combin a t ion c a l l a l rea dy c! Lsc us s e d . 

Sp ec i e s i n the f a mi l y Ba l aen op t e ridae h ave nume r ou s s i milari t i e s 

i n their call s t ru c tur es . Th e mi nke prod u ce s a down sweep o f high e r 

f r e q ue n cy r a n pe (130- 60 Hz ) a n d s hort e r dura t ion (0 . 2-0 . 3 s ) tha n those 

of th e fi n wh a l e ( S ch e vi ll and Watkin s , 1972 ; Edd s , unp ublish e d da ta) . 

Winn and Pe rkins ( 1976) r eco rd ed " thumn t r a i n s ' ' from minke wh a l es . 

Th ompson ~ - al . ( 1979 ) h y po th es i z ed th a t t h e thump tra i n s have p o t e ntial 

s i gnature in for ma tio n . On e se r i e s of thump s , Fig . 2b in that pape r, 

a r e v e ry similar to th e thuds I r ec o r de d du r ing hi gh seas with seve ral 

fin wh a l e s i n th e area . Th e th ump t rain b y minke whal e s is of highe r 

f req ue n cy in a ll cas e s s h own. 

By rd e ' s wh a l e , Ba l a e n op t e ra ede n i , p r o duces upswe e p s , downs weep s 

a nd wave r s ( Cummi n gs and Th om r son, unp ublis h e d da t a ) . Th ese calls 

may a l s o occur in th e a nn ua l son g o f t he hump b ack whal e (P ayne a nd Mc Va y , 

1971; Wi nn and Winn, 19 78) . 

Th e bl ue whal e wa s r eco r de d in the St . Law r e n ce Rive r durin g th is 

s tudy . T~e lon g l ow- f r e q ue ncy ca ll s (15 Hz , 13-15 s ) a r e mos t s imi l a r 

to th e "lon r 20 Hz moa n s " r eco r ded a t SOFAR s t a t ion s wi th no known 

sour ce (Ive s t on a nd Bl ack , 1965 ; Kibb l ewh i t e ~ ~ - , 196 7). Th e call 

so 



i s s imila r in f r e 1_uency r an ge and duration t o t;1e r umb le of the fin 

wh a l e , but does no t exhibit freq uency or ampl i tude modula tion. Ot he r 

inves t iga t ors have r eco r ded l ong low- freq uency mo ans f rom Paci f i c blue 

wha l es ( Cummings and Thompson, 1 971; Cummin gs and Thomp son, 1977). 

Species i n t he two r eJ11ain i n p fami lies of baleen wha l es also produce 

calls simi l ar t o those I have r ecorde d from t he fi n whale . These 

will be reviewed b r i ef l y . 

Cummings (197 2) describe d b e l ch es as the pre dominant so und pro du ced 

by so uthern right wh a l es in Pa t aponia , Argent i na . Howeve r, i n 19 74 

Cummi n gs e t a l, re po rte d primaril y be llows and moans of r i s inp pit ch. 

A waver i s in clude d i n the ir sonagrams . Recent research on th is species 

has doc umente d the occurren ce o f upsweeps , downsweeps , wave r s , sp l i t 

call s , bubble s ounds and s l a ms ( Cl ark, persona l communica t i on). 

The r are r northe rn r i ght wi:la l e , _§_ . g l acialis , a ppa r ently has a 

s imila r r epertoire , a lthough it has no t been r e corde d as fr equently 

(Thomps on ~ a l., 1979) . Sche vi ll and Watkins (1962) r e co rde d a vari e t y 

of wa vers . 

Recent r eco rdin fS by ONR ' s Pr oj ec t Wha l e in the Ar c t ic have identi­

f i e d up sweeps and downsweeps f r om t he bowhead, Balaena mys ti ce t us , us in p: 

a direc ti ona li ze r designed by Clark (Clark , personal communication). 

The l as t s peci es whi ch p ro du ces calls simi l ar t o those I have 

describe d f or the f in wha l e i s the gray wha l e . In addition t o the 

r umble a lready dis cussed, . th e gr ay wha l es pro du ce wavers (Asa-Do r ian 

i'lnd Perki ns , 19 6 7; Cmnmi n p:s e t a l., 196 8), and bubble-ty pe sounds whi ch 

a r e ve r y s imilar in b oth f r equency and dura t ion t o those reco rde d during 

my s t udy on f in wh a l es ( Cummi ngs ~ al •, 1968) • 

Beca use of the numb e r o f s imi l ari ties be tween most of my r e co rd i ngs 

and those r eported for f in wh al es , I fee l con f ident that I have proper l y 
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identified the so urce . As Thomp son ~ al. (1979) disc ussed , cetacean 

field work is difficult a t best a n d the sound so u rce is generally inf 
_erred . 

Minke , fin , a nd blue whales are present in the St. Lawre n ce River . 

Th e humpba ck whal is an occasion a l visitor . Th e only o ther b a l e n 

wh a l e species which might have been in th e area is these· whale, 

Balaenoptera borealis . We h ave never posi tive l y identi f Led this species 

a nd n on e o[ the recordings I used wer from "s uspicious" an · mals . The 

rip-h t white lip, dorsa l anterior ch evron, a nd l ar1cer s iz e of the fi n 

whale were ch ara t eris ti cs we used For positive ide ntifi cation of the 

species . 

Thompson e t a l. (1979) provided a c l assification of baleen whale 

cal l types whi c h was presented i n the introduction . The calls whi ch I 

recorded fall into three of the four ca tegories . Th e downsweep, upsweep , 

constant fr e que nceis call, combination call, waver, split call, a nd th 

double call, are a ll considered to be m-ans. Th e tone would be 

class i fied as a cry. Thuds and slams would be c lassifi e d as thumps 

and knocks b eca use of thei r wid e b a ndwidth a nd short d ura tion . Th e 

las t category, c licks and pulses, was not represent d by any of t ;1 

calls recorded f rom fi n whales in the St. Lawrence River . 

Context 

The b ehavi oral codes we assiened to each sightin g w r e designed for 

use as s ummar i es of con te x t fo r s ound production . Comparison of 

Ap pe ndi x 2 and Table 5 reveals no apparent relationship b tween b h a vioral 

context an<l the sounds produce d. Whales whi ch we designated as ac tiv 

b y thei r s ur fac b e havior were not n e essarily ac tive aco u tically . 

Whales whi ch passed throurJ1 the area on a straip-ht co urs often vocalized . 

Soli tary whales may produce more so un ds than a trio of whal s . Durinp 

this proj ec t, th solitary whal tha t was very vocal may h a v b n in 



acoustic contact with another whale, or actively advertising its pre 
sence 

or position . Intensity variations durine this particular r eco rdin? 

may indicate the presence of an unseen distant source . However, it 

is difficult to designate one intensity range as a near whale and the 

remainin~ calls as a far whale when there is no obvious break in the 

e nti re range . In addition, we cannot rule out individual variations 

in call intensity. 

No call or sound ( e . g ., bubble sounds) was limit e d to only active 

sightin gs or to sightings involving calves or pairs. Th e call most 

frequently recorded during the study , the downsweep, also constituted 

the most frequent call per sighting . These results indicate that if 

a North Atlantic fin whale vocalizes it is likely to produce downsweeps . 

The other call types a nd sounds (e . g ., constant frequencies, wa ver, 

thud and bubble) are comp aratively rare . Therefore it is likely the 

downsweep is important for species recognition . The o ther calls and 

structures may only b e prod uced in specific contexts not readily 

identifiable by a surface observer . The lack of calls early in th 

season s u v.rests that call rate may b e dependent upon the number of 

a nimals in the area . The question then is h ow do the whales k now h ow 

many whales are in the area? It is possible that downsweeps are produ ed 

intermittently for s hort periods until calls fro m other a nimals are h eard. 

The a nimals may increase the call rate as a response . The sca tter-

Bram of call duration vers us intercall int rval was us ually b elow 12 s . 

This value agrees with the values 8i ven in the literature for the 

long trains of calls recorded from SOFAR stations . 

The downsweep may be considered a key sipn as defined by Schleidt 

(1973) . A key sign is th e product of a behavioral event of likely 

communicative function. Schleidt categorizes the key sign by its 



discontinuity or continuity with other possible key signs in th e 

repertoire. The dis continuous key sign is one that is distinct fro m any 

other key si.gns, h as little vari ability, a nd has no association with 

motivational state. If one assumes the whales recornize the lower 

downs weep as a call distinct from the hi p.her downsweep , the two may be 

con s idere d as different key signs . The l ack of variation in the lower 

downsweep , as we ll as its occurren ce in nearly all of th e r ecordin rs , 

indicates it is a discontinuous k ey sign. The hi r her downswe e p appears 

to b e corr e ]ated to social ac tivity, and s houlo be classified as a 

continuous key s i gn whi ch may vary with motivational s tat e . Key siRns 

freque ntly h ave typical repetition rat e s (Schleid t, 1973) . The f in 

whale literature describing low frequen cy downsweeps stressed the con­

sis t e nt pattern of repetition rates over periods of an hour or more 

(Walker , 196 3 ; Northrup~ al., 1971). For fin whales , high repetition 

rates for downsweeps may serve to separate th e sounds from the noi se , 

facil itate localization or achieve a cumulative effect over time . 

Watkins (unpubli s h ed data) observe d that the downsweep pa tterns occur 

during the winte r bree ding season. This apparent s easonality sugpes ts 

a f unctional significance similar to the hi !1'.her repetition rates of 

male sonps during avian breedin p seasons (Thorpe, 1961) . 

The significance of the lower versus the hi gher downsweep for 

species reco ?nition is also an important consideration . Emlen (197 2) 

di scussed s pecies recoRnition and individual variation as they occur 

in pass e rine birds . Species reco gnition was depende nt upon th e most 

constant and unvarying features in th e species r eper toire. Although 

we probably do not know the entire repertoi re of the fi.n whale , the 

most unvarying characteristics are thos e related to the lower downsweep. 

Since this call was the prin cipal constituent o f solitary whal re cordin gs 
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I believe the low r downsweep may b e most important for sp ci s recog­

nition. Examination of the FH, FL scattergrams illus trat s the relative 

lack of variance particular l y in FL . This is pa rticularly interes ting 

sin ce the FL valu s are generally b e low wave noise and s hippin g nois e as 

well (Uri ck, 1967; We n z , 1964) . Therefore the most consistently produced 

parameter is also the one most likely t o be consistently r eceived . 

Recognition of individual birds is usually b ased on son g charac t er­

istics which vary within a population but do n o t va ry for th e individual 

bird ( Eml en, 197 2). In addition, individual variation i s most likely 

to b e code d in a few p arameters whi c h exhibit little over l ap b e tween 

individuals ( Schleidt, 1976). No such parameter or combina t ion of 

parameters was d iscovered for th e f in whale downsweep during this s tud y . 

However , th e lack of num rous known solitary individuals h amp red thi s 

phase of th e a n a l ysis . Multiple animal sigh tings may no t h ave contain e d 

inclividualized calls if th e a nima l s " knew " their compa nion s and prod uc d 

cal l s as a soci a l exchange . Only on series of sess i ons indicated 

variatio ns in the mode (s ) fo r FH values which correspond e d t o th e presenc 

of known individuals. The separation a nd s ubs quent reunion of the 

anima l s (14 August, 05 : 55 p air, 05 . 52 single) provided a serie 

of cont ext s in which on e would expect t o s e individua l variation. 

Repeated sightings with r ecordings of this na ture are r quir d, 

Motivational s tate is rev aled in the variabiliti es in a n individual 

bird ' s song (Eml e n, 1972) . Since fi n wha l e calls do not xhibit the sam 

s t reo typy of bird song, it is difficult t o assess what variabiliti s of 

the hi gher downs weep are individual versus motivational. It is a l so 

possible tha t both factors are interacting, However , the high degr e 

of overlap a mong the limited numb e r of sightings I examin ed indicates 

tha t the dif ferences a r e not individual . If we ass ume mot iva tional 
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variation, it is interesting to examin e recordings where the animals 

appeared to be agitated or excited for extremes in the hipher downsweep 

parameters . Th e implication h ere is that higher downsweeps, may correlate 

with higher levels of aro usal. For example, compare the following : 

31 July pair and calf when the rumble was produced (Fig. 37 code 4,5); 

18 August pair chased by a power boat (Fig. 37 code 24,25); and the 13 

September v.roup of fi n whales exhibiting splashing and breaching 

(Fig. 37 code 36, 37 , 38). lmly two o E t1-1e above have high ranµ-es for FH 

values. The !)air chased by the power boat did not produce high FH 

values . This may b e attributed to the interference caus ed by the boat 's 

noise; h owever, most of the calls were produced when the power boa t was 

idlin g . In addi t:Lon hif!h FH values were recorded in other sessions 

( e . g ., Fig. 37 code 18,30,43). The latter, number 43, is a solitary 

individual sir,hting . Therefore, we cannot correlate high downsweeps 

only with arous ed states as determined by the observer . 

The variable which proved to be the best predictor of clownsweep 

types is the numb er of whales in the area. Even this was not always a n 

accurate indicator be cause one solitary whale produced hi gh downsweeps. 

As Payne and Webb (1971) discussed, our determination of a whale's 

social status ( e .g . , solitary versus paired, e tc.) is defined by 

physical proximity rather t '1an acoustical interactions. Animals spread 

over several kilomete1:s may be part of a herd which is a social unit, 

and the sounds produced by these apparently solitary individuals may 

be social in nature . The marked increas e in call rate for some of the 

sightings with grea t er numbers of individuals indicates that mor sound 

is produced when animals are closer . Again this ~ay be r lated to 

motivational s tate or a desire to maintain close conta t. Recordin gs 

of groups did not necessarily have ca llinf rates that were multiples of 
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solitary individual call rates. Of course it is not likely that all 

of the animals in a gro up call continually. 

The final variable which may influence the type of sound recorded 

is the sex or reproductive state of the caller, A mature male may 

Produce a different call from an immature male or mature female . The 

difficulty of identifying the caller and positively identifyin g the sex 

of the caller has prevent e d the collection of data which might answer 

these questions . Watkins believes the patterned pulses (or downsweeps) 

recorded during the winter reproductive season are not produced by the 

larf-es t animals of a p.roup, which Watkins sur-gests are females . My 

r ecordings in the presence of an adult and calf include low and high 

downsweeps, although the low are predominant . One may speculate that 

the adult is a female, but one co uld not infer the sex of the calf . It 

is likely that the female vocalizes but whether her calls are different 

f rom those produced by the male is a matter for conjecture and future 

research. 

The study of animal communication requires an initial definition o f 

the species repertoire. On ce the repertoire is known, the variability 

for each call type must be known before any study of seasonal, geo­

graphic or individual variation can be investigated , 

This project was undertaken to record the repertoire of the fi n 

Whale in the St. Lawrence River in the summer J110nths. Durinp this time 

the animals are feeding prior to the winter reproductive season which 

Presumably occurs in more so uthern areas (Tomilin, 1967). Although 

an attemp t was made to examine downsweeps for individual variAtion , the 

intent was to document variability for comparison with .forth Atlantic 

fin whales during the winter season and with fin whale populations fro m 

Other . geographic area . The variability observed in the St . Lawrence River 
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appears t o b e greR t er tha n th a t repor t ed b y a ny sing l e p revio us i nves ­

t igat o r, but th e d ifferen ces are eas ily a ttribut a b le t o t he comp ara tive 

inte n s ity of this s tudy on a daily b asis over a period of three month s . 
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It i s h ope d o ther inves ti gati on s wi ll a ttemp t t o monito r ac tivity a nd sound 

p r o du c t ion of undis turb e d f in whales whe r eve r possible . Th e results 

of s u ch s tudies will permi t us t o e va lua t e the ro l e of so und pro du c tion 

i n the i r dai l y a nd seasonal activi ties. 
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Table 1 . Summary of computer analyses . 

GP..OUP ( s ) SPSS P~OGRA11l VARIABLES 2 

Total Fi l e FREQUENCIES FI , BI, FL, FF, FD, TD, ICI , 
(Range) IN , S 

SCATTERGMHS ICI vs . TD 

Structures FrJ:Ql.!ENC IES FI or Fil, FL or FF , FD,TD, 
(1-10) (all s t atistics ) ICI 

SCA TTE RGR/01S F ' s vs . IN ; TD vs . IN; 
FL vs . Fll; FD vs . FI; 
TD vs . FD ; I CI vs . TD 

STEP\HSE FI,FF,FD,TD,R 
DISCRIMINANT 
(Rao V Method ) 

Tane Session FREQUENCIES ICI,I N, S 
(1-35) (all st_? tis tics) 

Struc ture FREQUENCIES FH,FL,FD , TD 
by Session (all stat~stics) 

S CATTERGRA\1.S FI vs. rn; FD vs . IN; 
(S=l, S=2) TD vs . IN ; TD vs. FD; 

R vs . Fl; ICI vs TD 

Tape Sessions STEPWI SE FI,FF , FD ,TD , R 
& Subs ess ions 3 DISCRIMINANT 
(S= l only) (Rao V Me tho d) 

a . eq ua l covariance 
proun n=6 

b . all possibl e 
gro up s n=33 

1Ni e e t a l . , 1970. 
2FI initial frequency; Fl-i h i ghes t freq.; FL lowest freq . ; FF final freq . ; 

FD freq . diffe r en ce; TD total duration (sec) ; ICI inte rcall interval; 
IN intensity; CALL call numb e r in s equence ; TAPE tape session or s ub ­
session; S s t ruct ure; R=FDITD· 

3subsessions are subsets o f sess ions to equa lize n of cases . 

-
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Table 2 . 1-Jhale sighting data s ummary from 28 June to 2 7 Septemb er 1979 . 

Species Hinke Fin ---· Blue -· 

A. S . I . 1 343 1.p; 1t 1.ngs 241 
Percent of Total (58%) (41%) 

6 
( 1%) 

B. Followed Whales 2 264 114 
Percent of sivh tin ~rn (77%) 

6 

(B/ /1.. x 100) 
(47%) (100%) 

C. Straight Ups tream 48 27 
Percent of Followed (18%) (24%) 

3 

(C/B x 100) (50%) 

D. Straight Downstream 56 25 2 
Percent of Followe d (2 U ) (22%) 

(D/B X 100) 
(33%) 

E . Active Whales 25 10 0 
Percent of Followed (9 %) ( 9%) 

(E/B X 100) 

F . No Pattern 29 G 0 
Percent of Followed (ll%) (5%) 

(F/B X 100) 

G. Recordinp.;s 71 35 3 
Percent of Followed (27 %) (31% ) (50 %) 

(G/B X 100) 

1Sigh tinp-s i n clude whales followed and tho se sip;h t d in scan .. 
travellin g together were co unted as one sip-htinp . 

Whales 

2Followed wha 1 es were within one km and were vis ually follow d . 

Total 

590 

384 
(65 %) 

78 

83 

35 

35 

109 



Table 

~ecies 

Hinke 

Fin 

Blue 

-

3. Summary of acoustic data acquired from 28 June to 
27 September 1979 . 

Recordinp: Sessions Hean Session 
Sessions Analyzed Session Length Range 

(n) (n) (min) (min) 

72 27 13 3-45 

35 25 18 3- 102 

3 1 11 7-15 
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Recorded & 
Photographed 

(n) 

31 

29 

l 



Table 4 . Discriminant analysis functions used t o plot gro up centroids 
for calls and sounds . The relative contribution of e ach 
variable is reflected by the absolute value of the function 
p a rame t er . Relative percent values indicate th e degree of 
discriminating power in th e function, 

-

Al 

Varia ble Fun c tion 1 Function 2 Function 1 

FL3 
- 2 . 018 4 . 957 .751 

FH4 
1. 069 -5 . 824 .289 

RS 
. 220 . 228 -.199 

FD6 - . 207 1 . 774 - . 126 

TD 7 
- . 119 -2 . 54 - . 052 

Relative percent 87.2 11. 0 81.4 

l 
SPSS run with all 10 structures 

2 

3 

SPSS run 
and HIGH 

with downsweeps divided into LOW (FI ~ 40) 
(FI ~ 40) . All oth er structures we re th e same 

4 

5 

FL 

FH 
lowest frequency 

highest freq uency 

R rate value R=FD/TD 
6 

FD freq uency differe nce FD=FH- FL 
7 

TD Total d uration 

B2 

Function 2 

-3 . 970 

4 . 090 

. 021 

- . 428 

- . 384 

12 . 9 



Table 5. Th e occurrence of call structures in~- physalus r ecording 
sessions and subsessions during analyzed sightings . 
Sessions and s ubs essions are gro up ed b y the fin whale 
sighting number . 

63 



.--, 
CJ (lj ,-.. .--, 

Q) "Cl I= Cf) Q) Q) (lj 
(:::, 0 ·r-1 '-../ I= .u .u z 
(lj u i= · r-1 (lj 0 

E--< < E--< ~ E--< 

1 2A2 8 

c3 
2 08 : 30 13 

10 : 14 

3 31 
22 

Jul y 
4 12 

5 3 

6 2A 45 
06:35 

7 1 47 
i\ug . 

8 Ho Sour ce 5 19 
8 

11 " r> 

9 No Source 
8 

42 
Aur, . 76 
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Total 
Continued N 1 

13 A 29 29 
A/C 100% 

14 05 : 52 
65 59 

05 : 55 91% 

15 14 52 47 
Aug . 90% 

16 2A 14 : 26 15 5 2 
Aug . 40% 

17 A 13 6 
A/ C 46 ~~ 

18 11 : 05 33 26 
11 :10 79 % 

19 16 
2 1 

Aug . 
50% 

20 3 2 
67% 

n A 47 42 
89 % 

22 17 : 00 46 38 

16 83% 

23 Aug . 35 31 
89 % 

24 2A 30 29 

12 : 20 97 % 

25 
18 3 2 

Aug . 67% 

2 3 4 

3 1 1 
4% 2% 2% 
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20 1~ 

4 1 
31% 8% 
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26 A 52 

27 07 : 35 46 
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28 Aug . 47 
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33 2A 45 
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43 3 
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lo 
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38 

39 

40 

41 

42 

43 

44 

45 

46 

I To t a l I I 

Conti nued N l 2 J 4 5 6 7 8 y 10 11 

4_A 

A 

17 : 45 
13 

31 2 7 4 
Sep t. 87% 13% 

57 32 15 3 'L 2 2 1 
26 % 5% 4% 4% 4% n 

16 : 10 Z 8 23 3 2 
82% 11% 7% 

15 50 40 2 5 1 2 
Sep t . 80% 4% 10% 2% 4% 

50 41 1 5 1 2 
82% 2% 10% 2% 4% 

52 46 '2. 3 1 
8n 4% 6% 2% 

53 41 7 4 1 
77% 13% 8% 2G/ 

,o 

A 16 : 20 60 52 1 1 6 
A 16 : 58 87% 2% 2% 10% 

A 17 :00 60 36 4 20 
A 17:10 17 60% 7% 33% 

S.Pnr 

1
l =downsweep; 2=cons t ant frequenci es; 3=combination; 4=tone; 5=v1aver; 6=upsweep; 7=split; 8=double; 
9=bubble; lO=thud , slam ; ll=rumble 

2 
A denotes adult 

3c denotes calf 
4 

x denotes occurrence of rumble 
5
nocturnal recording 

6 
? denotes call too faint to determine s t ructure 

°' --.J 
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FIGURE 1. Map of the research site on th e St. Lawrence River . 
Depth contours indicate proximity of the Laurentien 
Channel to s hore . !1odifi e d from Mitchell (1975). 
T des ignates Tadoussac, a t the mouth of the 
Saguenay River . 
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FIGURE 2 . Hy drophone-preamplifier a nd cable arrangem nt. Nylon 
line loop e d to th e cable ac t e d as a s hock cord . De pth 
range in me t e r s is give n for low a nd hi !2;h tlde . 
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FIGURE 3 . Nagra IV SJ respons e curve and hydrophone syst m 
sensitivity. Th e Nagra c urve (N) was determined by 
inputting a constant voltage ove r th e fr e que n c ies shown . 

The hydrophone sys t em (HS) co nsis t s of the hydrophone­
preamplifier a nd cable . This c urve was supplied by 
th e manu fact ure r, KSP Indus tries . The sensitivity curve 
is in dB re 20 ,up a . 
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FIGURE 4. Me th ods of frequency and time measur ments. 

A. Hi ghest frequency (FH) and l owest freq uency (FL) 
are labelled i n the center of the b a nd where they 
were measured. Du ra t ion was meas u red between 
these arrows . Photograph ed from Unigon Scan 
Converter Scre en . 

B. Intercall interval was meas ured fro m t h e 
b eginni n g of one call t o th e b eginnin g of the 
next , indicated b y vertica l mark s on the 
son agram . A perpe ndi c ular was dropped 
from the beginning of higher freq ue n cy calls 
to the baseline t o Facilitate consistent 
meas ure me nt of the interval . 

C. High freq ue n cy (Yt-l) a nd low fre que n cy (FL) 
value comparison s fo r the same cal l with 
10 dB incremen t s in a tte nuation. FH decreases 
but FL remain s the same . 
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FIGURE 5 . Distinctive differences in fin whale dorsal fin shape . 

A. Parameters compared includ leading edge (LE) shap ; 
shape of tip , T ; trai]ing edge (TE) shape ; presence 
of notches (N) ; and r ] at ivc 11 ight (e . g . , tall 
or s hort ) . 

B . I ndividual sighted in 1973 , 197~, ]975 , and ]979 . 

C . Snme individua l as A, sigh Led car]i·r in t h e st udy . 
Angle of photo~raph is not optimal , but distinctive 
ch a ra c t e ri s ti cs arc visible . 

D. " P l ain " do r sa] f in . Th la ck of un us ual shape or 
notches make it difficul t t o distin guish i n divid u a l s 
wi t h th i s fin shape from each other ; but is easily 
distinguished from A or B . 
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FIGURE 6. Fin wh a l e s i ghtings by day b e tween 28 June - 27 
September . Zero s i ghtin gs on days of partial or 
visibility a r e one block b e low the zero line for 
th e his to gram. Max , maximum pos s ible numb er ; min, 
minimum poss ible number ; no vis , vis ibility too 
poor t o ob serve ; part vis , partia l visibility . 
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FIGURE 7 . Occurr e nce of individual s i gh tin gs and groups of 
diffe r e nt s i zes . n, numb er of fin whales , 
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FIGURE 8. Fin whale sigh t ings b y ho ur of th e day on a 24 hour 
clock . The four hi s t ograms t ake day l e ng th into 
account . n, numb er of si~otings . 

A. 28 June - 24 July; 0 5 :00-19:00 h 

B. 25 July - 18 Aug ; 05:30-19:00 h 

C. 19 Aug - 16 Se pt; 06:00-19:00 h 

D. 17 Sept - 27 Sep t; 06:30-18:30 h 
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FI GURE 9 . Fin wh a l e sighti ngs as a f un c tion of tida l c y c l e . 

All s i ghtin gs we r e graph e d by the time o f first obser­
va tion in on e ho ur inc r e me nt s on e ithe r s id e of the 
high t i de . Bo th da ily h igh tides a r e in c lude d . 
n, numb e r of s i ghtings on each hi s to g r a m. 

A. Only wh a l es tra ve ling s tra i ght up s tream. 

B. Only wh a l es tra ve ling s tra i gh t downs tre am . 

C. All wh a l e s i gh tings . 
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FIGURE 10. Sh ip noise interference du ·rin g fin whale sound 
production . Sonagrams arc from prior to ap proach 
of s hip a nd during ap proach o[ s hip. Note chan ge 
in r e l a tive inte ns ity o[ 60 nz noise . Analyzing 
ba ndwidth= 19 Hz . 
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FIGURE 11 . Lein whales rh o tograrhed d uring recording session 
Each individ ua l in a sightin g has b een given a • 

b 
. . 1 n ev, 

letter . Sess i on num e r s given inc ud e s ub sess i 
. . . ons 

Intra- and intersession compar i son s may be ma d e : 
the session n umb ers a l so found in Figs . 36 and 3~~lng 

A . No resighting with recording . 
B . No r esightin g with r cording . 
C. No resighting with recordin g . 

0 . Resighting, I , L, N, P . 
P ss ib l y F, J, 0 . 

E . Size n o t see n well due to fog . 
Not noted as a ca l f , ross ibly H . 

F . Angle of back to o arch e d . 
Poss ibly D. 

C . Has very small not ch nea r bas e of dorsal fin . 
Resigh ting K , possibly W. 

ll. Large calf associa t e d wi t h D (=I) , the refore 
Possibly E . 

I. Res i ghting D, L , N, P . 
Po s sibly O . 

J . Pos s ibly D (from s imi l a r pho t o t aken d urin g D 
sigh ting). 

K . Resigh ting G. 
Poss ibly W. 

L . Res ightin g D, N, P . 
M. No r es ight ing wi th recording . 

N. Resight i n g D, I , L , P . 
Do not h ave ph oto of ca l f wi th th is wha l e , or o f o t her 
a d ult p r esent during sigh t i n g , presen ce of cal f 
streng the n s iden t if i ca t ion . 

0 . Poor pho t o , on ly one available . Poor ph o t o of 
I was s or t e d wi th th is pho t o : poss ibly I . 

P . Resigh ting D, I , L , N. No t wi th a calf . 
Q. No resi gh t ing with recording . 

R. Diffi c ul t to see;more valua ble forw hom i t is not . 
Not A, B , C, G, K, M. 

S . Difficult t o see; more valua ble Eorw hom i t is n o t . 
Size d i ffere nce b etween a dul t a nd cal f too grea t 
t o be D- E or H-1 . Defin i t e l y n o t A-C . 

T . See ab ove . 

U. Tip of dorsal f in po inte d co ns idere d to b e n ew wha l e . 
V. Possib ly L . No pho t o . 

W. Resight i n g G. 
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I. adult 
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FIGURE 1 2 . 
Calls of a 

I nt e ns ity meas urements fo r con secutive 
Th e arrovJ rie • 

f in wh a l e moving pas t the hydrophon e . dr oph0 

indi ca t es approxima t e call gi ven n ear es t to hY 
Wh a l e was 400 m from s h ore wh i l e i n t ransi t· 

A. Wh a l e approach e d h y drophon from dovJns t ream 
b e tween ca ll 1 and 50. 

B . ( tre am) 
Wha l e h eade d away f r om h yd r ophone up s 
f rom 50-120 . Inte n s ity i s dB r e 20 uPa . 
Tot a l time i s 24 min . 
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FIGURE 13. Sonagraph a nd r ea l time a naly zer r ep r esent a tions of 
downs weeps , con s t a nt frequen c i es calls a nd the 
co mbina tion call . Arrows indi ca t hi gh and low 
constant frequency calls a nd th e two compone nts 
of the combina tion ca ll. 
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FIGURE 14 . 

...... -

Sonagraph a nd rea l tim 
of the tone . tions analyzer r epresenta 

A. 

B. 

c. 

A rising tone 

nswee ps Scale magnifi ca tion of a ton and th ~ d~:orn 
which precede and follow . H, harmoni c 

1 • t I "' • bl fundamenta in e nse cownswee p; t', possi e 
for tone . 

Series of downswee ps with two tones : 
Risini t one i s the one illus tr a t ed in B. 
Sonagram analyzi ng bandwidth= 2.8 Hz . 
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FIGURE 15. 

1 • t call Representations of the waver, up sweep , sp 
1 and double cal] . 

A.and B. No real time ana ]yzer (RTA) screen 

·ng photographs were us eab lc, Analyzi 

C. 

D. 

bandwidth= 2 . 8 Hz. 

• • . it call Lower intensity of uppe r portion of s pl . 
was only visible on RTA screen photo graphs. 
Initial freq ue ncy (FI) is lower than the 
hi ghes t fr quency value (F9) The loweS t 

' • The frequency (FL) i s the final freq uency .. 
• lit second photo graph 1.s an examp l e oE asp 

call that i s very similar to a downsweep. 

Sonagram of double calls . Doubl e calls 

11 were not photographed since the entire ca 
seq uence was not visible on the screen . 
Analyzin g bandwidth === 19 Hz. 
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FIGURE 16. Representa tions of the bubble so und, thud, s l am, 
and rumb l e . 

A and B. 
Two different bubble so unds . 
ana l yz ing bandwidth= 2.8 Hz . 

Sonagram 

C. A si ngl e thud. 

D. A series o f thuds ; note trio o[ decreasi ng t 
~l values a t 22 sec . A clownsweep appears a 
18 sec . Analyzing bandwidth = 2 . 8 Hz . 

E. 
A hi gh frequency s lum. The 
different Wide-band n a ture 
it diffi cult to photograph 
sonagram. Hy meas urements 
t o be low 200 H7. . 

• n and bric [ duratio 
of the s l a m make 
or see on a 
were r es tri c t e d 

F. Rumbles exhibiting frequency and amplitude 
mod ula tion. The presence o[ harmoni cs 
appear t o be r e l ated to high e r intensities . 
Ana l yz ing bandwidth = 2 . 8 Hz . 
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FIGURE 17 . 
. ( f e quencY 

Comp arison of FH ( frequen cy hi gh) and FL r . 
) 

• d u s-wee? ' 
l ow fo r a ll s truc tures describ e d . 1, ow e . 
2 t .E . 3 b . • . 4 ton ' , con s ant r e quen c i es ; , com ina tion, , 
5 , waver; 6, upsweep; 7, s plit call ; 8 , do uble ts 
calls ; 9, bubble so und; 10 , thud / s l am ( cornpon e~l 
o.E the s l am were n o t meas ure d ab ov e 200 Hz ) ' 
r umble wi th r ange only . 
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FIGURE 18. Ran ges fo r 
diffe r ence 
FD=FH-FL. 

total duration (TD) a nd fr e quency 
(FD) for all s truc tures meas ure d . 
Structure numb ers corr espond to 

previous f i g ure . 
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FIGURE 19. Re l a tive freq ue n cy of occurren e for a ll quantifi e d 
s tru c tures . Wa ve r s a nd bubble sound s were less 
tha n 1% a nd do not a pp ear . 1, downs wee p (n=l244 , 82 %) 
2 , co ns t a nt f r e que n ci s (n=l08, 7%); 3, combination 
call (n=l6, 1%); 4, tone (n=45 , 3%); 6, upsweep (n=l3 , 
1 %); 7, s plit call (n =l9, 1%); 8, double calls ( n=9, 1 %) ; 
10, thud/slam (n=56 , 4%) . 
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FI GURE 20. Fina l f reque ncy ( FF) a nd init ia l f r e que n c y (FI) 
r e l a tio ns hip [ o r a ll downs weeps . Each star 
r e p rcs nt s on e point a t th a t coordin a t e , 2-8 
indi ca t e ac tua l numb e r o f po ints a t tha t 
coorci ina t c ; 9 indi ca t es nin o r more points 
a t th a t coo rdin a t e . r = . 9 J ; r 2= . 86; n =ll80 . 
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FIGURE 21 . Frequency difference (FD) ancl initial frequen cy 
(FI) relationship for all downsweeps . A concen­
tration of values occurs below FI=45 Hz . r= . 71 ; r 2= 
. 51 ; n=ll 73 . 



so, ____________ ..., 

• 
40- " • ,I * 

N * • 
I * • 

* > • • * * ,_ 
JO- .. l. .. I • • 

• • • .., 
~ 2 • • 

O 
u... 

2 • • • ., l. • • .. 
2 • • ~ • • .. * 3 • • ,. 3 2 • • . .. 

20- • 3 • 9 2 2 • • 3 A • • * • • • 2-
• 56 c; :, .. •2 2 •• "t • 2 

•• 3 593 2 S 3• •3 r_ ... ..... • , 
699£-43 4 .... c'. s .:~ • :, * 23• 3 • * 

* 28999 •3 • l. * 3 •• * 5 •• • *. * 2 
\0- 99998 3 7. 2 . - .~ 

~ . - 2 * • • • 4 2 • * 
999992.476? •• •• 2. • • 

99<'9283• H • •• •• 2. * ... • 
9 999c; 4 .., • .. L 

•5 • 2 * • • * 
0 

\ 5 I ' 4'5 I 

30 60 75 90 \05 \20 
f I H z 

~ 
~~ 

'A 



89 

FIGURE 22 . llinal Ercquency (FF) and initial frequenc2 (FI)_ 
Eor downsweeps with Fl ~ 44 Hz . r= . 81 ; r = -66 , 
n=209 . 
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FIGURE 23 . Final Er eq ue n cy (FF) a nd initial fr e que n cy ( FI ) 
for downsweeps with Fl L 44 llz . r= . 59 ; r 2= . 36 ; 
n=966 . 
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FIGURE 24 . Initia l f r e que n cy (Fl) and fr e que n c y di f f 1r e n c e (FD) 
f or down.s wee ps with Fl L 44 Hz . r= . 79 ; r = . 64 ; 
n=964 . 
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FIGURE 25. 
. (FD) 

Final frequency (FF) and frequency difference ·ntS 
for all downsweeps. The concentra tion of poi 1173 · n~ 
below 30 llz corresponds to an FD of 1-20 Hz , 
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FIGURE 26 . Frequency hi gh (FH) and frequen cy l ow (FL) 
r e l ationship for constant fr equenci es calls , 
r= .9 6; r 2= . 92 ; n=l06. 
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FIGURE 2 7. Freque n cy differen ce (FD) and high frequency (FH) 
values for thuds and s l ams . Thuds hav e s ma ller 
"FD values and lower FH values . Slam cornp~nent~ 
above 200 Hz were not meas ured . r= .6 8 ; r -:. , 47 , 
n=54 . 
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FIGURE 28 . 
calls 

Croup centroids from discriminant analysis for 
and sounds . 

A. First run : 1 , downsweeµ; 
3, combination; 4, tone; 
7, split call; 8, double 
10, thud/ slam. 

cie5 ; 
2 constant frequen 
s: waver; 6, upsweeP ~a ­
calls; 9, bubble sou ' 

B. Se cond run with downsweeps divided into loW 
( L, FI ~ 40) and high (R, FI _... 40) . 
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FIGURE 29 . Comparison of frequency a nd duration param ters of 
downsweeps from s in ~l e a nima l s during two different 
s i ghtin gs . All histogram values b egin at z ro . 
FL, lowes t freq ue n cy ; Fll, hi gh es t; FD, Fre quency 
differe nce . 
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FIGURE 30 . Intrasession variability of downsweeps from a 
single f"Ln whale . A-C cons ecutive subsessions 
from Fig . 29A . n=number of calls per subsesslon . 
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FIGURE 31 . Downswec p frequency and duration paramet rs for 
a pair o[ fin whales. FL, lowest frequency; 
FH, highest frequency; FD, frequency diff renc 
TD, total duration . Cross-hatching for Fl-I, FL 
hi stogram indicates eq ual percentages for both . 
n=numb e r of calls . 
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FIGURE 32 . Comp arison of highes t fr equency (FH.) and lo'We
st 

fr equency (FL) r anges fo r downsweeps in con-
. . . 1 . I ee "Wha l es • s ecuti ve sess i ons invo ving one to t,r 

Cross -ha t ching indicat es equa l pe r centages 
fo r FH ,FL . 

A. Adult 05:5 2 14 Augus t 

B. Adult 05: 52 and Adult / Ca l f 05 : 55 

C. Adult/Ca l .E 05 :55 

• 30 Comp ar e the inte r ses s ion vari ability t o fi g , 
and Fi g . 34 . n=numbe r o f calls . 
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FIGURE 33. Downsweep freque ncy diHerence (FD) and duration . r: 
comparisons for three consecutive sessions involvin • 
one to three whales . 

A. Adult 05 : 52 14 August 

B. Adult 05 : 52 and Adult / Calf 05 : 55 

C. Adult/CalE 05 : 55 

n=numbe r o t calls 
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FIGURE 34. Comparison of subsessions for downsweeps from fin 
whale pair . FH, frequency high; FL, frequency 
low; cross-hatching indicates equal percentages d 
for FH, FL . The distributions should be compare l l5 • 
to Fig . 31 of the entire session . n=number of ca 
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FIGURE 35. Intercal interval (ICI) and tota l dura tion (TD) 
for all sounds meas ured . The concentra tion of 
ICI val ues be low 12 sec i s primarily due to 
downsweeps . ICI and TD could be measure d from 
sonagrams whe n noise l eve ls prevente d frequencY 
measurements from the real time analy zer scr een , 
n=l5 37 . 
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FIGURE 36 . 
d wnsweeps Hi ghest freq uency (FH) values for lower 

O 
. 

, b ssions . (FI L 40) in recording sessions and su se . gs . 
Tape- codes correspond to the fo llowing sightin · 
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A 17 :00 
2A 12:20 
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A 07 :53 
A/C 06: 24 
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4A+minke 17: 45+ 
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FIGURE 37 . 
Hi ghes t fr equency (FH) values for hi gher . 

0 • d wnsweeps 
(FI_,., 40) by r eco rding session and subsession : 

5 

:1 
Tape codes co rres pond to the following sigi • • '1ting 
1-5 
6-7 
8-9 
10 
11-15 
16 
17-20 
21-2] 
24-25 
26-29 
30 
31-32 
33-35 
36-38 
39-44 
45-46 

2A 08:30, C 10:14 
2A 06: 35 
no so urce 
A 05:27 
A 05 :52, A/ C 05:55 
'l./1,_ 14: 26 
A 11:05, A/c 11:10 
A 17:00 
2A 12:20 
A 07: 35 
A 07 :5 3 
A/C 06:24 
2A 15 :10+2A 15 : 28 
4A+minke 17:45+ 
A 16:10 

A 16 : 20 , A 16 : 58, A 17:00 

31 JulY 
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12 Aug 
14 Aug 
15 Aug 
16 Aog 
16 Aug 
18 Aug 
19 Aug 
:2.6 Au g 
1 sept 
1 s ep t 
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15 sept 
17 sept 

1 6 nd on co des are the same as thos e us ed on Fig . 3 a 
Fig, 11 of individuals recorded. 
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APPENDIX I . Session a nd subsession descriptive s t a tis tics for 
freq ue n cy parameters of downsweeps . All session s are 
gro uped b y sigh ting . Codes for subsessions are in 
parenth esis . F max was _cal c ulate~ for variables in 
each session or s ubsession. Sessions 10 , 13 15 26 
33 , a nd 41 were c ~osen for di scriminant anal;sis' ' 
using only 6 session s based o n the a nim a l s record d 
a nd the var i an ces b e tween session, 

105 



No . of 
Sess i on Down- Cov . 

Code sweeps f f Range Mean Med Mode Var S.D . S . E. c.v . F max S=l 

1 4 FI 33- 60 51 56 33 149 12 6 24 4 . 96 o<.= .01 
FF 40 - 53 47 47 40 33 6 3 13 
FD 2- 15 8 7 2 30 5 3 63 

2 8 FI 34- 66 53 54 55 104 10 3 19 13 . 50 ,f:. 

FF 26- 56 42 41 38 104 10 4 24 
FD 4- 17 10 10 9 18 4 2 40 

3 18 FI 60 - 92 69 67 60 86 9 2 13 2 .09 # 
FF 30- 80 54 52 52 107 10 2 19 
FD 10- 35 16 14 14 51 7 2 44 

4 7 FI 60 - 95 82 85 90 136 12 4 15 1.96 oZ= .01 
FF 38-83 61 58 - '.2.66 16 6 26 
FD 5- 42 21 19 - 227 15 6 71 

5 3 FI 47- 54 51 '.J2 47 13 4 2 8 3.25 
FF 37-43 39 38 37 10 3 2 8 
FD 10-14 12 11 14 4 2 1 17 

6+7 69 FI '.2.3- 107 41 36 40 L87 17 2 41 6.67 # 
FF 17- 78 28 22 18 165 12 2 43 
FD 1- 32 13 13 7 43 7 0. 8 54 

6 31 FI 23- 107 47 40 60 389 20 4 43 8.84 ,f 
FF 18- 78 33 25 18 227 15 3 45 
FD 3-29 14 13 7 44 7 1 '.JO 

7 38 FI 24- 80 37 34 40 166 13 2 35 3.86 /, 
FF 17- 56 24 21 18 84 9 l 38 
FD 1-32 13 12 8 43 7 l 54 

f---' 
0 
a-



No . of 
Session Down- Cov. 

Code sweeps f f Range Mean Hed Mode Var S . D. S.E . c.v. F max S=l 

10 14 FI 21- 30 2b 27 'L7 4 l 0 . 6 8 5 . 00 ..(= . 05 
FF 16- 19 17 18 17 . 8 . 9 0.2 6 
FD 5- 11 9 9 9 3 2 o.s 22 

131 12l FI 19- 65 26 23 22 73 9 2 35 5 . 61 o<..= .OS 
FF l'.J - 32 18 16 lb 13 4 0 . 6 22 
FD 3- 27 8 7 6 L'.0 5 0 . 9 63 

14 59 FI 19- 40 27 'L7 23 27 5 6 19 9 .oo I 
FF 11- 21 17 16 16 3 2 0.l 12 
FD 2- 22 10 9 8 23 5 0 . 6 so 

15 47 FI 18- 60 30 29 L'.9 34 6 0 . 8 20 3. 09 -f. 
FF 15- 47 18 17 16 21 5 0 . 7 28 
FD 2- 23 12 lL 11 11 3 0 . 5 25 

16 2 FI 55 , 70 n/a n/a 
FF 42 ,61 
FD 9 ,u 

17 6 FI 53- 70 60 '.J6 53 47 7 3 12 1.96 ""'-= . 01 
FF 4l- 53 47 44 43 24 5 2 11 
FD 6-22 14 12 12 43 7 3 so 

18 26 FI 60- 90 68 67 60 62 8 2 12 1.20 ,:,( = .01 
FF 28- 65 46 46 40 84 9 L 20 
FD 6- 37 21 20 20 73 9 2 43 

19 1 FI 65 n/a n/a 
FF 51 
FD 14 

;sessions 11 and 12 could not be measured due to noise. 
Only 12/29 could be measured out of noise 

I-' 
0 
---J 



No . of 
Session Down- Cov . 

Code sweeps f f Range Mean Med Mode Var S.D. S.E. c.v. F max S==l 

20 2 FI 52 , 67 n/a n/a 
FF 40 , 48 
FD 12 ,19 

-
21- 23 111 FI 22- 36 n 27 28 5 2 0.2 7 5 . 00 f, 

FF 16- 23 18 18 18 1 1 0 . 1 6 
FD 4-16 9 9 10 4 2 0 . 2 22 

(21) 42 FI 23- 30 27 27 26 4 2 0 . 3 7 5.71# 
FF 16- 20 18 18 18 .7 . 8 0 . 1 4 
FD 6- 12 9 9 8 2 2 0 . 2 22 

(22) 38 FI 22- 36 27 27 28 6 3 0 . 4 11 3 . 00 # 
FF 17-23 18 18 18 2 1 0 . 2 6 
FD 5- 16 9 9 10 5 2 0 . 4 22 

(23) 31 FI 22- 33 27 26 26 5 2 0 . 4 7 8 . 33 f, 
FF 16- 20 18 18 18 .6 . 8 0 . 1 4 
FD 4- 13 9 9 9 4 2 0 . 4 22 

24 29 FI 25- 118 45 37 60 399 20 4 44 6.76 I-
FF 10- 81 33 27 20 227 15 3 45 
FD 4- 37 14 14 10 59 8 1 57 

25 2 FI 68,69 n/a n/a 
50 , 53 
16,18 

26- 28 126 Fl 20 - 60 29 26 23 251 16 1 55 11. 95 f 
FF 16- 45 20 18 18 240 16 1 80 
FD 3- 28 9 8 6 21 5 0 .4 56 

I-' 
0 
0: 



No . of 
Session Down- Cov. 

Code sweeps f f Range Mean Med Mode Var S .D. S .E. c.v. F max S=l 

(26) 42 FI 23- 51 30 28 23 57 8 l 27 7 .13 =/-
FF 16- 40 21 18 18 42 7 l 33 
FD 4- 16 9 8 8 8 3 0. 4 33 

(2 7) 40 FI 21- 50 L8 26 23 37 6 l 21 2.64 o{= . 05 
FF 16- 45 19 18 18 21 5 o. 7 26 
FD 4- 24 8 8 6 14 4 0.6 50 

( 28) 43 FI 20- 60 29 26 24 88 9 l 31 4 . 4 ,J 
FF 16- 40 20 18 18 20 5 o. 7 25 
FD 1- 28 9 6 6 33 6 0. 9 67 

29 3 n/a n/a u 

30 6 FI 50- 91 69 65 65 315 18 7 26 9 . 54 oZ= . 01 
FF 28- 60 43 40 4U 167 13 5 30 
FD 16- 32 26 L 5 25 33 6 2 23 

31 40 FI 21-70 31 22 21 226 15 2 48 10.76 1 
FF 16- 55 24 17 17 142 12 2 50 
FD 1- 19 7 4 4 n 5 0 . 7 71 

32 18 FI 21- 30 L3 23 23 5 2 0 .5 9 4.00 ,J 

FF 12- 18 17 18 18 L 2 0 . 4 12 
FD 3- 13 6 .) 3 8 3 0.7 )0 

33- 35 117 FI 20 - 40 :L6 2) 24 10 3 0.3 lL 3 . 33 ,J 

FF 17- n 19 19 18 3 2 0.2 11 
FD 2- 13 6 6 6 6 L 0.2 33 

(33) 45 FI n - 40 26 25 :LS 11 3 0.5 12 L.20 d = . 05 
FF 18- 27 LO 19 21 5 2 0 . 3 10 
FD 3- 13 6 6 4 5 2 0.3 33 I-' 

0 
\D 

3 u=unknown structure 



No . of 
Session Down- Cov. 

Code sweeps f f Range Hean Med Mode Var S .D, S . E. c.v. F max S=l 

(34) 43 FI 21- 33 25 24 24 9 3 0,4 12 3.00 =f 
FF 18- 25 19 18 18 3 2 0 , 3 11 
FD 2- 12 6 6 6 5 2 0.4 33 

(35) 29 Fl 21- 30 25 24 23 8 3 0 . 5 12 4 .00 :/: 
FF 17- 23 19 18 18 2 l o.3 5 
FD 3- 13 6 6 5 6 2 0.5 33 

36 47 FI 17- 93 42 25 28 431 21 3 50 9 .1 7 :/: 
FF 16- 80 31 18 18 298 17 3 55 
FD 2- 31 12 10 7 47 7 1 58 

37 29 FI 25- 80 49 60 60 268 16 3 33 2 .9 5 0= . 05 
FF 18- 60 31 31 18 103 10 2 3 
FD 6- 35 18 21 8 91 10 2 6 

38
4 

27 FI 20- 88 34 25 26 480 22 4 65 96 . 00 f 
FF 16- 86 27 17 18 486 22 4 82 
FD 2- 11 7 8 8 5 2 0 . 4 29 

39- 40 55 FI 19- 60 35 32 40 78 9 1.2 26 3 . 12 f 
FF 18- 40 26 25 2.) 27 5 0.7 19 
FD 2- 22 10 9 8 25 5 0.7 50 

(39) 32 FI 23- 60 38 40 40 SJ 4 10 2 26 3 .13 I 
FF 21- 40 28 28 21 30 .) 1 18 
FD 2- 22 11 11 5 30 6 1 55 

( 40) 23 FI 19- 40 31 31 28 31 6 l 19 3 . 44 o<.= .OS 
FF 18- 27 23 23 20 9 3 0 . 6 13 
FD 2- 19 9 8 8 16 4 0 . 8 44 

4
This session was deleted from any further analysis due to the extremely high F max. f-' 

f- ' 
0 



No . of 
Ses s i on Down-

Code sweeps f f Range Mean Med 

41- 44 166 Fl 19- 93 31 28 
FF 15- 80 21 19 
FD 1- 30 10 8 

(41) 40 Fl 20- 47 29 29 
FF 17- 38 20 19 
FD 1- 20 9 8 

(42) 41 FI 20- 50 30 29 
FF 15- 30 20 19 
FD L'. - 20 10 8 

( 43) 44 FI 19- 93 32 28 
FF 15- 80 22 18 
FD J- 30 10 9 

(44) 41 FI 19- 60 32 27 
FF 16- 45 n 19 
FD 3- 26 11 8 

45 52 FI 21- 57 26 25 
FF 16- 44 18 16 
FD 5- 20 9 8 

46 36 FI 22- 36 L'.8 27 
FF 16- 18 17 17 
FD 4- 18 11 10 

Mode Var S . D. 

23 103 10 
18 52 7 

7 29 5 

Jl 37 6 
18 12 j 

8 23 5 

2J 58 8 
L'.O 15 4 

7 21 5 

23 204 14 
16 136 12 

7 34 6 

26 96 10 
18 31 6 

6 39 6 

26 28 5 
16 16 4 

8 9 j 

27 7 3 
18 . 8 . 9 
10 8. 1 L'. . 8 

S . E. 

0 . 8 
0 . 6 
o . 4 

1 
0 . 6 
0 . 8 

1 
0 . 6 
0. 7 

2 
2 
0 . 9 

1. 6 
0 . 9 
1 

0.7 
0 . 6 
u . 4 

0 . 5 
0.2 
0.5 

c.v. 

2L 
33 
so 

21 
15 
56 

27 
20 
50 

44 
55 
60 

31 
29 
55 

19 
22 
33 

11 
5 

2.'.:> . 4 

Cov . 
F max 

3 . 55 f, 

J.08 ,J 

3 . 87 t 

6 . 00 f, 

3.09 ,J 

3.11 # 

10 . 00 =f 

S==l 

f-' 
f-' 
r--' 



APPENDI X II . Lis ting of calling r a t es ( calls /mi n) for a ll 
r ecordings mode b e tween 28 June - 2 7 Se pt emb er in 
the presen ce o f fin wh a l es . 
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Da t e Calls To t a l Time Rate 
Fin Whale Ti me (.1979) (n) (min) (n/min) Behavior Comments 

Al 05 :06 28 June 0 10 . 0 Arcing Brief 
Rumble 

'2.A 05 : 30 0 30 . 0 

A 09 :18 13 July 0 15 . 0 Strai ght 

2A 19 : 07 13 July 0 3 . 0 St raight Rumble 

A 6: 07 14 Jul y 0 8 . 0 Strai ght Rumble 
(+Mi nke) 

A 8 :12 14 July 3 13 . 0 0 . 2 Strai~h t 

J '2. 9 :14 14 July 0 8 . 0 Straight 
(+Mi nke) 

A 16 : 57 14 Jul y 0 7 . 0 Strai ght 
(+Mi nke) 

A 13 :03 21 July 0 26 . 0 Strai ght 
(+Minke) 0 26 . 0 

A 08 :09 28 July 0 33 . 0 Active 
Arcing 

A 10 :10 ,:'.8 July 0 10 . 0 Straight Over 1.5 km 
(+Minke) away 

A/C3 17 : 30 28 July 0 15 . 0 Straight C very small 

1
A=Adult, 2J =Juvenile , 3c=Calf 

!--' 
!--' 
w 



Da t e Calls Total Time 
Fi n Whal e Ti me ( 19 79) (n) (min) 

A 14 : 24 29 July 0 10 . 0 

2A 08:30 31 July 8 18 . 0 
12 25 . 5 
22 22 . 0 
lL 27 . 0 

+c 10 :14 3 21. 0 

Rate 
(n/min) Behavior 

Straight 

0 . 4 Arcing 
o . 5 
1.0 
0 . 4 
0 .1 Ac t ive 

Comments 

Same as 
08 :09 
28 July 

Rumble 
Rumble 
Rumble 

I-' 
I-' 
.):--



Date Calls 
Fin Whale Time (19 79) (n) 

2A 06 : 35 l Aug 94 
A U5 : :0 12 Aug 16 

A 05 : SL' 14 Aug 32 
A/C 05:55 13 

28 
65 
58 

'LA 14:26 15 Aug 5 

A 07:14 16 Au g U4) 
A U7 : 18 

A 11:05 16 Aug 16 ( 72) 
A/C 11 :10 36 

'L 

3 

A 17 : 00 16 Aug 132 

A/C 11:21 17 Aug 0 
C 12 : 16 0 

2A 12 : 20 18 Aug 27 
3 

A 07 : 35 19 Aug 21 

To tal Time Rate 
(min) (n/min) 

23 . 0 4 . 1 
12 . 5 l. 3 

3L'. 0 4.0 
3 .0 4 . 3 

22 . 0 1. 3 
16 . 0 4 . 1 

9 . 0 6 . 4 

14 . 5 0 . 3 

(5.5) (4 . 4) 

14 . 0 1.1(5 . 1) 
2 7 . 5 1. 3 
33.0 0 . 1 
15 . 0 0 . 2 

24 . 0 5 . 5 

9.5 
6 . 0 

14 . 0 1.9 
10.5 o.3 

10.0 2 . 1 

Behavior 

Straight 
Active 

Active 

Straight 

StraigiH 

Arcin?-
Active 

Straight 

Active 
Strai ght 

Active 

Straight 

Rumble 
Ferry whale 
watching 

Too faint to 
analyze (heard 
on rewind) 

(more heard 
on rewind) 

Chased by boat 

.~ 
f--' 
V, 



Date Calls 
Fin Whale Time (l<::l79) (n) 

A 09 : 48 :W Aug 0 

A 07 : 53 1.6 Aug 14 

A/C 06 : 24 31 Aug 55 
18 

2A 15 : 10 1 Sept 159 
2A 15 : 28 1 Sent 159 

(+ Minkes) 

4A 17 : 45 13 Sept 159 

A 16:10 15 Sept 8J 
20 7 

A 16:20 17 Sept 60 
A 16 : 58 60 
A 17 :00 
A 17 : 10 

Total Time Ra t e 
(min) (.n/min) 

13 .0 

16 . 0 0 .1 

13 .0 4 . 2 
J . 5 .':>.l 

32 . 5 4.9 
31. . 5 4.9 

16.0 9.9 

11 . 5 7 . 2 
23 9 .0 

4.5 13 . 3 
4 15 . 1 

Behavior 

Straight 

Straight 

Active 
Active 

Active 

Straight 

Hissing 

Comments 

Rumble 

High wave 
conditions may 
be whales . Parti a l 
analysis. 

i--' 
i--' 
0-, 
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