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CHAPTER 1% INTRODUCTION

1.1 Populations and stocks-of humpback hales

+The  humpback vhales of the Northvest Atlantic are one-
_of.at least elght dLstinm: sr.oc.k unics or aub pppulltlons or

t humpblckﬁ

1954)
. mlngle on ths chree pr!.nclpal antark:uc reeding groundu but

The ab; South Pacxﬁc populat:ion

e 196)

_.also consists

: feadinq Sub-stocks thi L
vl) Gulf of Mai.ne uouth asl: Nova Scotln, 2) Qxlt ot st

. ;98_1; KAtOI’II ct al.




. 3 s - An oxtmuuu program of fluke phntoqrnphy

‘elucidated these feeding ‘sub-stocks. Photographs. are taken

ot the ventra

‘sirface of t.he flukes and’ of.her dhtim:tlvu

areds of the mmx.‘ 1nd1vl.du:1: “ére catalogued and siqhting 2
matches - betveen and ‘within breod.tng and fuding areas are..

~ south‘-(iutcn- et nl. 1979 1980 chonl and: Hmteh d.

_1 nuqubiona anahls humpblck vhales to tak

of “the snally &b food found m oceanlc 5
° uraau ut’ hlgh produc:ivlty (l{noto 1957. 1964 Hackintosh e
£ 1970) -nd to bear calves'in warm sh.mn—-d Hltar.l Calvlnqv i B

' .
g .ln trvplcal vaterl ‘is prabably ndaptlve tor two rnsons 1)
Ca: lvu havn leu blubber than adu].tu ‘and’ ve' a hlthr"

=) ‘uurfu:o tn volume ratlo (and Mnce l lastqr rac © heat’’

-lou) so varn vnters

“and. Hoore 1982).: z) cn o

i * " 'seas Whltahaud (mn) :‘




‘Humpback whales do not usually lo?aga ‘durinq' th.e winter
on the breeding grounds probably because adequate . . oY
:encencrgtlans of prey are not uunublc (Davbin 1966; Bnkar ol
:1978; Herman 1979; Whitehead and Moore 1982) . The feeding
‘season in northorn vatera n thus vl.t-l to Northvest
Athnclc huq:bxcka -incn thsy naqd :o ohtun cbtnl lnnull

- nt nea tu the vln:ering grounis Tho n.od to for qa
ettxcinm:ly thu- will not be substnntlally _cowpronlsod as 1t
ut'ten is “for ‘other anLluls (Krdvu gt al. "1981), and most of ’ :
3 t‘h behavlour axhib.l:ed by h\.mpback whales ‘off Noutoun ‘llnd

" lcould re onably. be nsuqu to.be shlpod by the:




thn: prey preterencas do exist In ths sou:hern hemisphsra
e chy oat primars.ly auphausuus (E&lnhaumdn spp-) (Nemoto o
" a d Kavamura 1977
i Ehei.f dm-. u -mo!

varied (Slejar 1952 Ncmoto nnd Kavamura
Paciuc the humpb}ck whales™" t‘eeding
e; vest,arh rlm ot the ‘North, Pacific Xn

! (Jurasz an Jurasz 1979) nd paci,fic sand lance Amm

In r.he North Aeum:s.é and North Pacifie' . °




g i : . _@P-ge;s'

lance (Amn:h&es ammanus) and herrlnq (Overholz and

.'© Nigdlas 1979; Hain et al. "1982) and. humpbacks may’ ; -
Cu, B nccasionally tike pollock (Rollachiua virens)' (Watkirs and. e
‘” ; Schevll.l 1-979) Al:hcugh»capelln is :he most i crtam: v »’ :

N for:aqs pecies.“for the New

A althuugh st:ocks 1) 2) and 3) ! areA the largcst (Caruaddan

Grand'sank (Campbe].l and tinters 1973) afid wovd’ inshore

spa\(n ‘on Newtnundland beaches and cm :hé Southeu: ghonl of.’
the Grand

K respa:ti\ulyl‘ in June ,lnd July (Cerclddﬂl‘\

1953;, 1983b) Watef cemper \ ure is n prime; determnnn: ot

spawndng t:im (szgaard 1974) In 1.nuhorn Newroundland lnd

Labradar spawninq ocaurs. Ln uatar temerature_s qf 5‘.§’C
8is%: (Templeman 1948) ‘and on ‘the Souf t ;

t:ampuratures 80.2.0 =4 0% 'c (mc"', )







N Baleen wpale feeding s . ) .

N Baleen uhales have been divided 1m:o s‘klmrs, those B

. chat: sunn chm:ugh surlaca concanvrggions of prey v&th the f\

mouth:- opan passlvely silti‘ng arganisms, und s\Jnllovers

“j‘(nmatcr 1957, 1970; - Pivorunas 1979y, Plvarhnu (1979) piits
,;Lgh; whales (Balaﬁn.\.daa spp ) 1n nhp 5] ,\mer.,qatego’y Ty
‘\(hue Nemnto \ 957 1970)_ l[ncludas se.i. vhales (Bahsnmr_a‘

t mp'oraruy held in the large buccar; cavicy furmed by t:he
s mauth and expanded ventral grooves. Tong'ua preusure and ’
: .qontraction of the ventral grooves forces water out through < 5

. the baleen; crapped ‘prey. are then swalloved . (}éﬁ(&ta 1970,

runas’ 1979) g By

The differenc faeding mschanisms in skumars and

Ry 2 suallowers are carrelated with. morpholoqical differences.

:Skimers havq very ﬂnely fringed lang tlexihla baleen

plateu deep pock ts becween t:he tor@ue nnd large lower up

’ vor bluhber t‘lap r.o accomadate the ends of . the balean when

":he mcuth ‘Ls upen and-an; drched: roar.rum ‘to parmﬁ.c a vide
omot:n 195’1 supjer 1962 Pivnrunls 1976, 1979). -

This anntomical design pcrm:s continued slltlng whue

' -svimming thrnugh len denu’ﬁyera ot smu ‘sized prey.

uems % waunwe\:s hnve sharter more riqld (:a pravem: (X o
detormatlbn und

1 hlghly_‘elant[
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ventral throit grooves; the latter two structures pérmitting

" extensive expansion of the bucccal cavity (SLipjer 1962; - F
. Nemoto 1970; Leatherwood et al. 1976; Katona et al. 1977;
Pivorupas 1979; Watson 1981) . The lower jaw has a reduced

surfice of ;nrc!.c‘uh;:ion vith the upper jaw so that it can .

| drop forward nnd v&den‘ he whale!s gape: (Pivorunas 1976; !

Weinrich 198i). Swallovers or gulpers are thus

morpholchcuny ‘adaptqd to §uick1y angulf large volumes of ~ .

pray and."water - and upon clc;uro of :hu mouth o squeeze out

the vﬂtqr, trapping the prey ngalnst t'.hs baleen Because

R B . they are: adnpted to. engulf rather f.han to sift through prey,

swallowers: require qenser patches of prey than  do skimmers

(Nemoto 1957, 1970;" Pivorunas 1979)

‘, The diameter ‘or fineness o{_th’e inner’ [ringes on the
baleen .pi.ates di{fer# among swallowing type whales'and
* varies with the size of prey items in the,diet.. séx whales
Nave very  fine baleen fringes and typically utilizé small
‘sized prey suéh as é;‘o‘popods, Copepoda spp.. and amb}lxxécds' -
(Nemoto 1962, 1963; Kawatura 1974, 1978) .. They may feed in’

a »mknnér gmmilar to skimiers, suun‘q Ehrough Surface prey,

or' may angu“ prey from denser schools (Kawamura 1974; ‘
”\Katann ‘etial.” 1979). Specles that eut primarily

euphluuidl (blue and fin uhaleu) have coarser baleen

' : . fringes while the courseuc balean is fourd in Lcthyophngous
" species (minke- and ‘humpback)’ (Nemeto 1957, 1970) )
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1.5 Humpback téecu.ng behaviour -

In summary theny,humpbncks are swallowers ylc.h

ralaclvely toarse balgcn./ exploiting a wide varlety of prey
types. many ‘of vhlch are schooling flsh “‘As a upecies thw
also possess a tremendously diverse repertuire pt’ feeding - :
‘behaviour and- some unique murpholugtcal charactaristicu that @~

hor_h enable ‘them co axplnit many types of prey lnd to

ccncantrata (and t:hu mara ntficient:ly engul f) prey [ram

more dupersed sources.' Dilfe?ent populatlona and . S

sub stocks ©f humpback whalu explni: dnferant prey tpecies
and Cherator'e ‘exhibit dif!erant: foraginq strategles

Humpback furaginq be}xaviour in the CGulf- of Alaska haa
been extensively studied and described but qpantitative data Ve s
are scarca. Jurasz and Jurasz (1979) identify threebasic < ' . -
‘feeding modes: lunge t'eeding, l::ubblenet faedinq and fl;lc&c
feedlng, thh variatians within each type. When 1unge
feedknq the angle of the sag.gn:al plane u! the whale tb thu 3
witer surface vas observed to take three p?}.ons e '

. varuca).l lateral and lnverted Euphausiids, herring'and

capelin ‘vere axplaxted us!.ng lungs, t'eedlng and “lunqinq !peed’
lnﬁreasad with the sulmlng speed ot the prey specfes ’
(herr}.nq being the fastest, uuphuusnds the slowest).

’ Groups of whaleu frcquencly cecrdlnated‘ lunges vhile

swlming ahreaat in a diagonnl line (echnloned)

.Whales “make buhbleneu by axhulinq g'rnduully at depth
- while swimlnq in an nrc Tl'xe rising bubbles form a: ang or-

a clusing spirﬂ, the bubbls- decronuing in. siie 2 au thc
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.whale continues to exhale. The larger and more'mobile the
prey.. the larger the initisl bubbles in the ring (Jurasz and
Jurasz 1979) Pr‘ay is ccndensed and contained as it.is

driven upvard by the bubhlanet (Earle 1979) The whale

' 1ungea through the center of .the net as it' raac'?hes the _

surtpce or engults the aggregated prey just elow the

urtace Jurasz - and Jurasz (1979) report t:he use cf .
bubblunet t‘eeding o axplgn: hefring and euphausiiae but: ot

::upeu.n In' lll.ck taeding, obsarvad only on auphausud

gray, ‘the vhald tlickl the dorsal surtace ot its - flukes down ", 5
o torcatuuy on the \'iater surface as it dives, causing a »
N _apl_asp unq an ;ntgx:nzl wave. - The vave moves. {qruard and

}:ha‘n _Sf era fev seconds ‘the whale surfaces, mouth open,
* . amdst z:: wave (Jurasz and Jurasz'1979). The whales were
“highly flexibls in their.choice of exploltatitn Strategy.
Lm:ermixlng all these feeding" xpodes and Fhelr variations "
(Jurasz and Jurusz .1979) .

Dnlphl.n and McSueeny (1981, 1983) have also studiﬂad .
humpb-ck vha).au far;ging off ‘Alaska and hava found
cnrrelations between both feading strategy and respiratien
N ‘rluas and tha depth at prey uchonls “In uddition t:hey
) report the usu of - barrlera s\xch as rock.faces, bubble
.'curtainl. the \mter sur!ace and inter faces «fornwd by abript
"?:umperu:ura, ,daps.n:y, uqlinity and velocity changeu,ngains\:
* ¥hich” humpbacks herd prey (Dolphin-and McSweeny 1981).. -t
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The ‘'various str es ‘;As'\ad by whales to °
exploit sand lance and 'herring in the Culf of Maine have -
been described by Hain et a1~> (1979, !!BZ)' and Watkins and
Sch!v;.u (1979) . Some of these su:h as echalonad lunge
feeding, t‘J.Lck feeding (vdth the ventral sid ,oE the £lukes
d bubblenats 4inthe form of rows, cl.rcles =9

here hnvever)
and ‘spirals are simuar to those reported"rrom the Gulf o! e
(1979

louds, a ‘single' underwater exhalauicn of unltu

. 1982) also report the use - af

off Newtoundland humphack whale feeding behaviour has
been investigated" by Davies and Harrison (1981) and

’w!'u.telpead (1981) Whltehead (1981) *discerned ‘three types of

feediing behavibur ‘ hich, were- determined by the type ot P

6y
the. whales: werg exploiting. -These were 1) shallow vuter l

slou prey {pr y
(perhaps Squiﬂ) and a) deep prey- (capelln or phnktan) The

1y capenn) 2) thallou water fnjt prey

vhales basic behaviuural strategxas Vere similar in all
three situaticns' vﬁales duva“ into the sub-surface prey
schools and thtle’surface activity was seeﬁ.. Lunging
occurred on uhallow water slow prey (capalin) only. Asp«cn

o[ t:he basic sequenca of behaviour that varied with prey

:‘mvement at the surface (faster With
fast, pruy) . dlve durlti.on (longer with deep pray) ‘and

resurface durut:.on in relncian to dive location :(whales
travellad hurlzom:ally underwater ‘with fast | prcy but

.
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. ruur!-z:ad close to the dxve area \uth deep- pray) (Davies

3  andi Harrison 1961; Whitehead 1961) . These studies vers
among the first that n:tnpted to rchu qmm:uinble -

of whale fe behav} o unurub).e bait

par--sterl

1981) vhlch rny be mpartant in mxuung tas: Swimm g
hlghly mobila prey (fish, squld) and for par.torming the.

complex teodinq strategies hitherto ducr.\hed. Thery ‘may’
also’ e used to hsrd fish.. -The white V tnd d«lrk center,
formed by :he hunpbncks' 'cutstre ched t‘nppers and body may.
lnduca U.sh are nelr :ha prox.’uul end of the flippers
/to uvc.{d the Tight a n iand nove tmrda'tho dark -and into

y, / the vhllern' mouth’ (Brodis 1977) qudie (1975) notad ﬂxat

X (\ wvhere. nsh are a. njor colpcnqnt ot the dsot huapb-ok
ﬂipggrn are lightcr Ln
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no: media: 1y apparenf. ‘l‘here hava been no unequivoc-l
reports of*the eﬁlboruto bubbl!.nq behaviour observed in LI R

r.h r m-eas Ver:tical and cbll.que lunging up through

un schools (Davleu and Harrison 1981; Whitehead .1981)
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!e-turo'a vh’alas were responding to most strongly.

This ucudy was 1nit:s.utad in 1979 and most data were
colle:tad in 1980 and 1981, batora many of the praviously-
described foraqing behavlour ﬂndings were available

'Completlon of this work has. in part corroborated the
i findings of Gther lnveut:lgateru, notably Whiteliead (1931,
1983) und Dnlphin Il'ld McSveeny (1953) §

Che A
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. | CHAPTER 2. METHODS - o i

(4 Boat-based observations of humpback thlcs were made
off r.he coast ot Neuioundland during, the aumprs of 1979,.
. 1930 and. 19&1. Work An 1979 served s a pilm: st:udy to

provided by a depth ‘sounder:

7a Equipment © -

%roups of whales vere “tolloved with'a 6'm finerglass — -

A buat with'a 35 hp motor. . Nhale behavlqur was ‘timed with a

diqital watch and ubservatlons were recorded varbaily on a
casuqtte tape recordar. A Sy t:ex Honda HE 30B ‘paper

prim:om: echo saunder with a frequency ‘of 50 KHz, a 40° cone

‘beam t:ransducer and a marking devlce vau used for bait

cbservations. - One or. mora crew mambers were n).ways present.
7 ; I

g = & primarily for-safety, however in 1981 bn: assistant took

compass re’adinqs,\ plm:ted whale and boat positions and

measured.boat - speed o B . €

"33 Locaﬂys
Z Folm Whales wére obseérved in various locations, the choice
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of uhh:h was determined orten by ‘logistical’ ractors in’
addition to a' stable cancsntratlun of t‘éadlng whales.’

Loquticnl factors anluded av-ilable safe.dock or'mooring

space, relnclvely shor_l: travel times to. concentrations of.

ales.and shelter from f\aa'w;y saasa The most -~

"feed‘,lAng 3

udy ‘1oca§:lms: from which: st of the aata tor‘

cusly reaorded Each i tch af ne whale group (or

Lndlvidual) was defined n an observnuon bout. Usually

A f one, but occas!.onally tvo, ohservat:ion bauts vere done, each

day.‘ "In 1980 watches vene seldon lnnger than 3. h. ‘Watches. oL

ended eu:hsr vhen .1) . an adequate sampla (2 - 5hyof .
>

‘behaviour of thgt qroup feeding on a. part:.lcular baLt school @

»vae takan. 2) ‘Whales ‘left the area., 3) veather changesk

nightfall or. mgtor K oUb1 precluded turcher ohservation, or

'4) vhnleu cenud foraqj.nq and- did t rasu.me Hn:hln about 1

.Groups wnrc snsuy deline!tad Thdy mnved as’a unitl
U 11 vlthin 15 m,
‘and coord ated ‘dives, - sur g n_1d 3 ; diréctions.
Grou vere 1dentified by the: nuﬂ:or of whales and by =
individual ‘whale chlracter.lsucu uuch as nza (estimated

ungth). ‘dorsal . fin shlpo, tluke pattarn and other 'body )

‘.:lndl.vldull :ruveuad close tegether, u
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Map nt Newt‘ound.land showin stud loca\:ions 1.Vark e: L
Bay. /Great Tsland - East Coast.'6f the

i 4. Httless an Mobile Bays: - 5.Cape Broyle
Ty s . el A

rbour. 6.5t




. markings like scars or skin® texture. “Laerici fying humpba:k .

whales, by these methods is standard practice (Katona et'al.
1979; Katona and Whitehead 1961). -In'1979 and 1980 fluke
phatoqraphs ‘'ver'e takan when possihle.

(:ravel .\ng res‘_ ng. etc. ) ob; ervauon uas usually

R
conthued t:o nbcain Lnlormat‘ion on time spent 4in m:her

oraginq. When bait was 'shallow and “in

1: was more du

'a dxsnnc 4ve. Travelung

Page 18
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Table 2:1. Humpback whale behavlours referred to in the text.
; After Whitehead. (1981 )

BREACH .- - A leap {rom the water with moré than half r_he
Yl 4 hcydy coming above the water surface..Whales: of
& . t\d.sted while ;n the air-to.land en their -backs

FLXPPERING E‘lipper ‘visible: abnve ‘the ‘water sur!aca
hale would rolébqste its side;-1if)

ﬂ.

ul
nd’ brought face.
‘1t often with great torce

A 1unge “from' ths suft‘ace showing
3 . _. the boédy. Lunges could be vertical;
N . ¥ or ‘any angle in batueen, ard “were conducted : vu:h
Py ) - . the whale darsally uppermost, ventrally uppermnst

! g 4 or on Lts slﬂe.

i SP\_I_HOP . Hecad qt u):ale sluvLy raLsed above uatar
TERMINAL - Whale dlsappears from the surface for at laast
DIVE 1.0 min, ‘andusually for .longer. Dives were

typic: all preceEded b\f £1u.ker ups, tall arches
<.or -gccas onally sidef. % s

EL! % al or less than verucal
s o RS position- uhne terminall -diving. Movement ranged
" n : . “from. flukes being dragged- alofig “the water’ §urfac1,
¥ - .3 leaving it, to-an almost, vertlcal anqle, Ty

& & TAIL ARCH ° Whale arches :ah ‘stock prior to -terminal dive
. -but . flukes remain.below the surfa of:the water.

ongm 3 i

S g SIDEFLUKE' Elukes ‘visible' above the water~ surlace k

! - N orierm:ed laterally rather than hor‘lzontauy,, as .
.- A& usual: Whales sometimes propalle £1uk 5

- ‘fércefiilly sideways, other: they nlmply dove'

in a Iateril position, rotat -éd '180% about ‘their .

- 1gng ax. n ‘the latter caus. ofcen anly ha]!

ths flukc vlas seen.

S LULL ¢ - Wnale'at.s

ace ‘mo* ing Rry slculy or nut at-all,
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resting whales also had longer intervals between blows and

usually hurﬁ just-below the surface with fuppers'extanded,‘

' hardl/n'm‘\'l#nq at'all. ‘Absence:of préy on’ the' depth soudder
yas always taken: to 'he 1ndicat.Lve of no foad and, thus

B nun foraginq be ‘aviour OVert feedlng behaviour su:h as

thcut the ‘presenca of bai(: on tha

sizes \—angs Srcm 1

- (Hhi'tehead 1933) ¢ 1 attempted to obtain a represencative

e sample ‘of, the ‘more common group sizes‘ but this wa

always possible Oftén only certain group sizes were

t in a- locatlon., A lot of tiné could not be spent - s
g. and. travelung towardm%s of a spoci\ned steb U
Ir. uftenv ook at; leasc 30 min of observatxon to .get- to. the °

pomc where the group could-be reliably - Ldentiﬂed and

cons&stan:ly folloved Group sizes :auld changs a.u:her by
g the time we. got close enough for ' observacinng or’ soon afte.r.

the observation ‘bout heqan

Whalau were usunlly followed at .a distance . nf 50 - 100’

e bunt dtd‘ not visubly disturb them at these dlstances

and the 1cv speeda usually

5 a 3 0 knots.« kepv: the i
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s
engine noise low. On a few nccaslons we gaused direc:xonal

changes or premature ﬂuke ups J.!, fcr example, e suddenly

“inéredsed speed to catch up to a fast moving. group. These
possibl.llties were always recorded. Vsry rarely vh‘ales

' would approach :he boat aor appear to look, a(\}xs by spy
hopp;ng (sea 'Eable 2. 1)

X ‘vlhen pcssible. § Resurface t'.imes and

. classiﬂed as'fluke up (Y) low - fluke (LY),-side ﬂuke~(S‘1),

“tail‘arch (TTA)y, oF terminal dive with'ro fluke-up (TONE) ©

IWhL‘le ét the surf'a'

e, the 'tréck “of the qroﬁp was

manitored contlnunusly by nuung directinns, distance;

speads of fravel, Directional ‘variables: recorded’ 1ncxu 0

‘. travel heading,atthe surta!:s (true\direceton) terminal
di_vevdsrec‘cignvand res‘urt_a_ce diredtxon\u» qrved, %o

¢ : _SH_i‘mm}ng speeds Iugre’categorize’d (fast: Xiots mr:der’_atr &
2.- 4 knots: Slowi’ 0.8 - 2 Knots) and redorded. 'rncxda'nces
of indlvidual behaviotrs (e 2 L) and the number of. blows

at the surface vere nqtsq Th lnt‘ormatlon about . :raveX

distam:es, su‘ming speed and surface blovs was not- anluded
in tha

ompute: analysi but it provldemt'ormanmn about &

. whather the whales uere faragi.nq and was valuabls as genarql

behav laural deschc son -
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Group data ve\-e also recorded. when possible and
included swiming conful‘mation [(arrangement of me@bers of
the group. in space: in a horizontal Iine, uhale A to :he
left,. or .one behind anuther etc ) and order of 1nd1vidual .
‘termindl dives. Repeat grnupings where the same uhales
were found togacher 49 the same group on successive 'ar .

ditt‘erenc days were recorded as were. an; epeat sightings of ..

1nd ividis 1s.

2.4 apth saunde vdata

) When rollowi.nq uhales the depth sounder was’ “on R ., <
. continuausly ‘Path traces of che uhale g-roup yere,aonr j
% when they resurt‘aced we-. wculd ga”t‘e the area and chen {ollgv

direc:ly in t:heir path It :hey surfaced tco far away we

would slmgly head tnuards t:hem and start t:o follav as. soon
“as posslbla, ..The depth snunder was marked at the beglnnlng

J of :hls puth trace and at, the end when cha whales terminally

dove, the location of uhlch generally appeared as-a circular i

L calm patch or 'foetprint" on the, uater surface. After

- usually continued travelling on” chs same. bearinq as the -
yhu].ea- t:ermlnal dl.ve direction for’ approximately 50. - 100+

. m, the sounder would agaih e marked and’ ua vculd walt for ' . .

them‘to resurface wa.scmetxu{s werit' to the left - ar right P ¥

y ot tha predive dlre ion a; 30'4 45° or 90 °but :Hl.s was not -

N systepnti.cany done. Path traclng the t‘oraq&ng qroup L

provlded ‘a_plcture of chu bau: school the vhalea vere
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. the sounder was marked at éhe positions where whales lunged
and occaslonally where they turned or performed béhaviours

% such as flipper slapping, rolling, breaching, ete.

. ’, -
To determine the approximate size, shape and position

o of fish schools fed on by whales we travelled back and forth

- =, . repeatedly across thé.-school at constant. baat gPeed with the

depr.h 'sounder an - We traversed across x: 1n one dlrec:le 4

untll bait ended and then returnad at a slightly dlfferent .

-order to cross'-the schcul az
k poxnts (I:‘iqure 2.3).

ssive!y di t'ferenc

is procedure 1s hereafter refarred

tu -as-‘a h;i{ school trace. Wa usually plon:ed our posltion -

in rela‘tien -to landmarks or took compass bearings at turn

points R, i,

\
5 ) N o

e 25 Bait xdehucy

Depth scuv\dar traces were the main source of i
;' information about balt identity. +Additional evidence'was:
’ ‘provided by, diréct sampling of_bglt with a dip‘net or.
jlgger _talking to fishermen about contents of cod (Gadus
mrlm?) a::i bird: stomachs, vatchmq birds and collectlng
whale faeces. Traces were further verified by a capelin "
vrani'umgxsc and bioacoustician (D. Miller: pers. comm. ) and by
.capeun seéiners. - Representative figures of. Qhe depth
saund‘er_'recor\dings ot,pray from the differant sgudy
l;:catibns ara‘lim‘:luded -in the npprnp‘rl.ate re‘sulc's Qec:vh?n,
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T—PATH OF BOAT

BAIT SscHOOL

Figure 2.2

Schematic representation of a bait trace showing the
outline of a prey school and the path of the boat
(top) . An example of resulting output on the depth
sounder is also illustrated (bottom) The bait school
was crossed four times at different places. Each
single line on the trace indicates a turn point, the
double line signifies the presence of a group of
whales. Depth scale is 0-60 fathoms (0-109.7 m)
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] . e E
2.6 Map data ; i
In some locations, when surrounded fairly'clesely S :
- (within 2 km) on at leagt two sides by land, pmts" of whale \ o
group movements were made on a map of the 'area. Terminal
«dive positions-and sometimes resurface positions were

plotted. In 1981 it was possible to make detailed ;:il'ots of

_ the pachs taken by uhales at, the surface and to note spatial

relationships of 1nd1v1dua15 thth the qroup Wprklnq in
_‘small bays such as wu:less and Mobile Bays faciuted' plats

accutate to within 200 @; e

!\./jl

When ‘landmarks were. me:e,dxstan:_a_smhﬂng ccmpass was

T used to obtaln bearings from the footprint lacation to :hyee .
prominent puint§ of . . It was not always possﬁ:le to do™
N\this for every :erminal dive but i€ was done quu:e : ' o
egularly. ‘This prnvxded knowledqe of the vhales 4 « ’ Ceed
N B = approximate location (within 1 km) and large scale changes ] ;
Pl in locauon over athe cnurse of an nbservati.cn bau ¢
— . . = 5 -

2.7 Census data © g % "

—~~In the smaller bays (Wicless Bay, Mobile Bay,’ Cape‘ y

Broyle Harbour) and in Varket CHannel; t:he mcal number of
oyle Hap) ;

” whales in the study area” vere caunted 1. B times per day
~In areas not sutt‘icientl.y surrounded by . land or uhere 1and-r F

was too far dway- td pamit relia’ble sh;‘ntlnq of all whalas

present, 5 min ccuncs cf all whales visible:and their

curecdxon and distance from the boatgere made 1 - B times
‘ per day (see Ramsay and s::ar.t 1979) A second 5. mm coun:ﬁ




~ was frequently rapna:gd imediacely af:er che fsrst to.
provide ariother: lmnpla t'or ehat ci\ne perioﬁ H'hale caunt:s :
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T5m 9! le-er Jravs//ed 'Htrau]h cali Araz‘ez/
{ram lpa/n—r sped and boai  speed

E'lqurei 5 ST

Schemat:lc depth soundér prlntout ‘with mark at cermxnal
d ve cat nd llustratxng bau variables.




"+ SURE" Time spom: nt the. surt‘aca 1n min'
Ve DIV"%'

- RATIO Ratio of "divetime to previou
éctional chan £ ]
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. .
Tabla 2.2. Variables used in the analysis.

CONTIN'UOUS HHALE VARIABLES

Time spent belqu the surf:

ace in.mih,
UNT' Surface -time plus: follwxng‘dtve:me‘

GROSDIR ~ Total dir 1al c

or axampla headings':

NETDIR Magnltude of net-chai

. For example headings E
_CLOCK get clackulss 'd o actic

COUNTER télet; countercéuckvlg directv r\nl chnnge at’ surface:
L-Ee W,

CoNTINUGUS BAIT VARIABLES

ELREP Ocean floor, depth at footprint in m
ELRAV Ocean floor depth averaqed 150 m araund, or'75 m
to either gide_of the rint

Depth to fop of bait .#hool at.footprint in'm. .
_’mPAV ?epth to top of. bait school averaged 150 o around
ootprint.
VEXTEP. Vertical . extent of bait school at foocprint m.
VEXTAV \éer:icil extent of school averaged 150 m arqund
ootprin
AREA "~ Cross sectianal area of balt school 150 m around
fontprlnn( )

.
CATEGORTCAL VARTABLES .~ . . -

DWNBEHAV Down Eehavlour tluke-up, low or side.fluKe,
no fluke-uj
ORAGE Foraging or ‘not foraging
LUNGE Number of surface lunges, for e:ch parlod of t:Lmla

ngnt at “the surface.
ur of day. .. '

TYPE of bait schos : dqsp capelln, shallow
o pcun ‘dr kri ¥ o
* PLACE Study.location ‘ e
DATE Date of observation. "

GPSIZE Size of fo!love;l vhue group.
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prior to diving. Two types of ;ach bait variable, at the .
footprint and averaged 150 m around the footprint (Eigure
2.3 and Table 2.2), were included in the an!lysis‘. It was
onginally thought that the average value would bs less
: arbritrary, huwever valuss of each’ were habitually very

si.milar

- .+ Iuo-data sets werie created:  one for individial iHales |

and ona fcr whale oups Eor he 1ndividual data set),, nna

“dive: bout o ‘case. exlscs for each dive’ |

surface

whale in th_a group. " Fér the group data Let, one.case’is one,
surface - dive Bout for the group as a unit. Because éach™ '

individual whale 1§'represented dn’ the individual data set,
. St

whale variables (e.d.  times and directions) are valld.
Bait variables alone, unless in conjunction with whale
variables, will be invalid because for large groups bait

variables will be over represented by a factor of the-number

of whale: the group. In the group data seteach ‘case
vrepresent;s one dive into one bnn: situation by’ a foraging - -,
unit (whale g-roup) it is che set of all bait situations .

whales foraqqd on (dove or: lunqed into) .. Whale variables e
are invalid because indlvidualsars not rapresehted U:=e of ‘

che group: or Lndividua‘r duta sec in a particular analysis

depended on the' focus. of each research ques’eten The group . - ,
data set was used for all all‘ nalyses ana1v1ng balt -

variables only. @




* Page 30

All analysis was done with the SPSS statistical package
(Nie et al. 1975). Multivariate analyses of variance were

done ¥4 determine the effect of each categorical variable
(DATE.. PLACE, TYPE, FORAGE. GPSIZE, DWNBEHAV,. LUNGE, see

Table.
.whale varlahlau “only, . 3)- bau: Vvariables anly., This™ was: done

.2) on: 1):all Concinunus variables, 2) cantinuous N

as a prarcqui-ln to ﬂnar tests of Bignlﬂc-ncu that

on-;&énlllcdng multivariate analysis of Variance

:r’e'sul&s precluded further téstlng. If results of

muitivariate analysis of variance vere siqnlﬂ.cam:, the

effect of enqh categorical vnriable on ench continuous

variable v;s exanined using one-way analysis of variance. >

When on
multipl..'wuparuur\ test was per:‘orned to reveal

-vay results were significant the Newman-Keuls AL

signMicantly different g'rouplngs among levels of the
categorical variable. Levels of significance were O.05

unless otherwise stated. . 5\

- To examine ‘the effect of bait characteristics on
s_urnée and dive times step-wise multiple reg-rassluﬁ
nnalyus‘als vere done using ‘the 1ndividuui vhale data set. .
Bm:h bal.t and uhnle v-r!.ahles (except for the dependent time

:vnrluhla) and then bai\: variab).' alone were used as

8 J.ndspmdant vnrhble sets in two step-\llua reqrasslcn

the. relltlunshlp of each time vnrhble ce other whale
varigbles as well as bait variables, results from the second
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will depict each time variable solely as a function of bait
variables. Both types of each Bait variable, at. the

footprint and averagéd 150 m around the footprint,, ware

Wy urigfnally encered into the regrassipn equation.  To ‘cor ect

fcr mulcicolﬁllnearlty, xblch results !rnm the comhlnatlon of

“‘the footprim: needed ta be removed
» -
Durbin‘Wacsun t’es:s were run for. each ..separar.e multlpls

regressia to monil: r am:ocurrelatlon effec\:s The test

. prnc urel\is not exact- though xt the. calculated statisci_ ’

Eans,between ehe upper and lower: :esc bcuﬁds, the rasul:s
1 are inccnclusivs (NJ.e et al.. 1975) Analyses that vere
. found cq be au:ucorrelated \-men every ocase ot’ :he daea set “‘

was used were rerun using anly the first case from ea::h ho

“té remove the counnuxcy f cases in the. : 0" order to-

smcoth out: sama ot‘ the varlabillty mherent; i.rL Che dive by

’ dive data set, a set of multlpla rsqressxcn analyses vas

. _,performed on an aggreqabad dat‘.a set coﬂsisexng the maan by
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Table 2.3 * >

The number of cases in the whale g-roup and individual data,
= thé 'number of, observatian bouts: (continuous periods of’
ebserva:ion) ‘and’ 'the- total. time spent. in’ observation: bout
..in-each study ocation:’ No group: data:set existsfor,St. Mary'
g as .whales werg lctlng Lnd,\vtduall “for most,
dinate activit ss and move
n

; ’fm—aglnq un.

. Observation -'. Hours~ of.
: Bouts Observation

il
/BALT TOTAL 199 -

5 TKRRILE:
NO LUNGING.
o KRILL.
LUNGING - :
KRILL
*. 'TOTAL
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CHAPTERS 3 - 10. ' RESULTS

\foraqing lucations are p sented ﬁrst (Chapters 3 5 5).

- then hallow. capelin 1oca:icns (Chapt:ers 6 and 7)~ and
nally krill fpeding (Chapter 8): Chapter 9 wul sunnnarlze .
the ‘effects’ ot‘ the cacegorical variables (FCRAGE GPSIZE

DRNBEHAV) -on continuous’ uhale behaviaural variables -and on -
- bait va*riahles vu:hih each hait typa (deep capeun shallcw

caperun kril 1) .

Feraginq behavipur 4An' the dxfferem: bai\: A T
: situatlons will r.hsn be cumpared (Chapter 10) 21
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Table .3.1. Study locaticns aqd ‘thexr bait charactar(stlcs.

E S f‘., T "19,71980. De mmacure
VARKET "CHANNEL ales and. bait were'in Varket
+*.-BONAVISTA BAY""..-Chz Hetween Willis. :nd ‘BessyIs

Augu: 21 = Septamb -2 Degp .meacure
capelin For the first: halt‘ of th§ udy

‘perisd! whales. and bait yere' ‘just - u,f *
Point, .and

SOUTHERN SHORE July 8. -'10, 1981. Very

s post-spawning -capelin. Bait. schoqls werg
WITLESS AND scattered, throughout Witless' Bay. but' wers ¢
MOBILE BAYS _locally concentrated in Moblle Bay VRS

stk & C oo guly 11-17,-1981, Small o
. CAPE_BROYLE of. lmmediately post -, spawr\ih
. N HARBOUR was initially’concentrated of

‘.- it-then dispersed along the southern ;Share,
of the outer: part of Cape Brdyl Harb £

) L o . July 18 - 26, 1981, Desp. S midwater phst

iE, : <EAST OF THE spawning :apelln Bait schaools ‘were ‘located '

~ AVALON PENINSULA east of La Manche tosoltheast of Great: -

2 . - OFE- .. -Island, being found progresslvely more 4

& - GREAT ISLAND _ncrthuard throuqheut h tudy peribdA Ty )

P ) "

' ST. MARY'S . June .24 - July 5,.1981 Krill, Euphausudae
. __BAY sp, Whales .were iunging and t‘sa ing o

KRILL FEEDING ' small surface swarms of k St ol~- C- " |2

AN e = askiers nnd Point' La Haye‘. . - \
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CHAPTER 3. VARKET CHANNEL

ﬁavxaural observa:ions of humpback vhales )ie‘r'e i J o

carrled ouc in and near Varket Channel Bonavista Bay from

30 :July to 19" August’ 1950 Whales and bait were presem: m

‘ebserved hales feeding t‘t‘ the northéat :1p of wnus

‘Island and just north of Great Black’ Island.-,
3.1 Bate sého'ais

4 % © _n Ty
Figure 3.2 shows the lochcions of bait-schools %

throighout the study period a$ détermined 'from bait .traces.
~
and from path traces sf\uha(;s feecnng on the schuols From

\ thesé traces, the east school’ (30 July, 3, 10 August,

i lahqled aas: Fiqure 3.2). seems’ to. bs distxndt from the -
West one. E‘ollcvlnq a r\nrthvast gale on tha night of 10

.—w————xu-gusrm-ryes: school _moved tarther snut:h Smélli ss:hpgls--

S (2, 1012 :

éhé éame date“ but werée simila_f in appeara_ncé ‘on .the depth

{rom large ones .seen on -

5 August) were Séepara

sounder prim:o ts‘ i Wy N

Sounder pri touts nl typical $rey schcols from Varket

Channel are prese ted jn Figure 3:3, ¢ Bait was ., deap and

ukely consisced of. Lmature capeun or possiblx mmature

harrlng Euhsrmn t‘ound Lo, ture capau.n. in. r.he s:omachs

" of cod tnken utf Bess -Ialand on '1 <2 August hu\: aside irqm g

this there vas lu:tle ﬂshlnq th :he Amedxate study area.
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R

BONAVISTA
G - BAY

., Figure 3.1

Varket channel ‘study area. Thrpughout the utudz period
2-19 August)” whales were located primarily in Varket
annel although some yere also Seen in' the east part of

B Willis Reach. $ %
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W %
~ =
&
WILLIS Pyl
ISLAND —_
v
v .
SCALE 1:50,000
1000m T K

! “Figurs 3:2 4
5 N ’ p . , i . o
a Locnunns.ﬁu{xpi-{y schools “that obseryed. g\'ﬂuq&:s of whales
& & were utiliz n? ‘on different days o{\“ study period In
V;rknt. Channel. T Tl 5 5
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E‘i.gure{ 3 J

Depth sounder traces of (prahably) immature capelin
from n—inu:y Bat p) and Varket Channel (bottom).

‘Smal id schgals can ben’ above the deeper alt . &

in th quid sghools, ver.ified b_w{ .
jiggtagaconqistently. occupied. this pos;nlqn_ n:-!ha
water cofumn and wbre qoar’s r grained in tra;

appeara) 1180 shows uhales emor?
* from ét‘ar left) :he dee pr{ey schools Depth scal 3 d
0-60 . fathoms (o 1097 ?

P
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! -

SURFACE

= i /DEEPPREY
|




3 just 10 - 30 m below the

and ‘terns (probably Sterfd® *

able.3. 2 ‘E‘Lgure 3

between ‘the two curves (top depth b tloor depth. = vertical

an apprukim

: ")fish for ., o’ reasons. Because all‘ oE the

(ﬂn of the mean datly .. e
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. L IableBZ

Mean values of b-ﬁ: variables veraged over the entire study .
. perlod i.p locauons uhere pr‘er st:hools uere deep. All. dep\:hs
S AREA -1 a

é significant
diff rence (p< 05s) 'betue raglng and
non- foraging dives. i

“all

2 forage - forage o 11 ‘fprage fdraget

. . . N dives diyes - divss dives dives dives
¥ 3 ; 3 , X
- b TRINITY EAY.-' 76.4- 76.0 '195.&————- 127.7 127.6 129.2-

1 VARKET CHANNEL 91.9. 90.1 | '124 9 150.9- 155.3 125.7

GREAT ISLAND “95.2. 91.9" *113.7 gl24.1 -125.2 116.5

-

DEEP_BAIT ) 86.1 84.3 *116.1 « 133.8 134.5 120.8
AVERAGE e v )

VERTICAL, EXIENT. XS AREA

r 4 non. " 4 non
all forage forage . all forade forage
3 dives dives ' . dives dives dives dives
TRINITY BAY  43.1° '43;5 U P I V0 0 6220 2600

VARKET CHANNEL 43.0° 45.4 +71.3 ~ S970° 6300 * 60 -
‘GREAT TSLAND 242 27,2 . *%2.9 3450 - 13900 + 260 -

401 5680,/ + 490
0! 50




DEPTHIN METERS

DATE .

IR
[ »\’q\qwﬁ\ g

-

s o,
-
N
x .
L] 5
i o9
g .
der :
P ? Channel .

* -uppermost’ 11
: lines thus r
. L below  the’ lo

school.  Lowar:

T g -
57 0% 308" 10 10800 s P ®

s DATE

‘Figure 3.4

ol

ne the ocean: flaor.
er line’

Page 42

Mean depths to the top of the bait schoal and .
to the ocean floor on each day of observation in Varket
The -X. axis represents the water surface, the
line closest-to. it the. top of the bait:school and the
The area between. the:
epresents grey school’ extent and' the arsa

e’ water depth above ‘the:pre
Daily variation in vertical exten: n(
préy is also nlustrauad in the louer graph ‘(more
; accurataly).
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Changes in floor d‘epth with date correspond to' .
different school -locations within Varket Channel. For ‘the
most ﬁart top dgpths closely parallel ‘tlom; depths, V
.resulting in fairly constant vemx:al extents (Figure 3. 4)

The vertical extent of pre: cheols was not sig?ﬁticam:).y

_diffefent over. date except: for on 2 -3 ‘and 12 August hen

schools were m

approx“:a\:ed from the area cuvered by each sci ool in, Fxgure

3.2, ' The' correlauon coefﬁcients ber.uenn sucessxve pairs

'of,-:hesxari;bles ar
4

coefficie g_dhere ne11)

. total. uhlles ‘per day and mean daily group size
-_tota! vhalaa per. day and: rank of school size”

mean daily group size and rank B¢, Schiosl size F= 690

ALl cofrelation cosfficisnts vers’s:l‘gnlﬂcarvat (p<0: os}.
’ The averaqe ‘group size"was more. strnngly rslaced to the
tota) numbm-\u! :whales: 1n the study area than to the rank i
y ordar of. the pray acheol ulze. . The rclationapips betueen
achool ‘size nnd t:ha two: dcmographi.c .variables (toﬁal whale
= populatxan nnd nvaraga g-roup size) vere ot‘ a gimuar ” ‘e
‘mgqn’gtudo. smca “tha. hrqest scheol was. ranked 1 tha lacter'
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otal fi 1~ at day:
avaraqe ‘group’ size, 3 ¢ i he qran mean-of
Ean group size for’ each census taken %

Average v Rark Fish
Group Size' SD - School Size

L T T 1 SRR




‘two :corl:ela'tlons are negative.

. ';l‘hrou&,rgout most of the study period a reslcien;
-~ population’of whales inhabited Varket Channel. The small

size of the popux.uen and prolonged cbservation. of the same S
 whales éna.blad us to becune familtar it thei. “Table'3.4,

raaur{ac g-2. 5 5,0 1 1ater usually wlthln 500 m of the

dn\m posibl’.on Dlvea vare usually precadad by £luke-ups .

Hhales typh:ally spant 1.5~ 4.0 in at the sur!ace,
rouune1y tr:vqlung 200 800 m and seldom turning dore

t.t_u_n 90°. ““There was uttla vnr.lablll.ty An uurlacs and dive

" times: - "v.hey_ vere Both” qun:s regular 1n ‘duration.

Group behlviour was hxghly éucrdlnnted Inclhdduals

vlﬂun qrnup avan closu together - (<15 m -part) trequently

Yot ibreast: in a: 'uno Thay uxunny tumod together so that .all’

vhlleg- onsnm:ly‘swlm in th_a gana dlracti.on Whalaa dove.

]

3 q&gatﬁei s a"qnﬂ_ or. serially;" tsrvn B bctwun cuves of
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. able 3. Q

Repeated“sightings of recb ized whales throughout the, study
period. in Varket’ Channel’ A small resident pngulatlon ‘enabled
us to:become 'familiar. "with. the. whales- Initial small grauplng
- are enclosed in;round brackets:’ Smaller groups sometimes:
merged ‘to” form- 1arger groups. signified by squre” brackets

.30 JoLy (Black, White) T ¢ cﬁ—'eu‘ah'o‘
,  31.JuLY (Loner, ) ’

' (Line; Groucho) {Lorier; Spike)
Black. . .(Loner, Spike.) (Rﬁsty, Scotch)

Groucho

- E(S pike, Liné; Laneh,croucha) (Black thte)]
Rus!:y, Scn tch)

E(Spike. Line, Loner Groucho) (Black White)]
[Rusty, Scotcl )

' {(Spike, Line,)Loner Groucho) (Blac _m\n;e)] .

.ASharpee s ot '
Black ;" - Sharpee '’  Groucho

i
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Y

’cplosi.vely br /lng the water surface and blovmq lcudly

Swimming spe decreased after the first few blows and often

:ontlnued té do so until whales were Iulling (see Table 2. 1)

or moving very slovly (<1 knot). A modefate i ease in

specd Sometimes” eccurrcd Lmdhtety prxor to términal

. dives. L 3
Whalas foragod almost contlmxally cxcapc for a t‘ew

\ln;tanéas nt ravelun‘g l.-‘or example, :m 2 August a grmxp ¥

._ whalcs véra foragi.ng and travelling, blo\l Antervals were .
usually about 10's. [ Resting, wir.h blow Antervals of 30 s or

more, was no\: observed. "

3.4 Behavioural anaiysis

Continuous whale Variables. Values.of whale behaviour
varlables'hﬁér-gdd over-the entire: study pérlod in Varket -
Qiinnélb are, given in Table 3.5. Variation in time variables
by date, As_illustrated in Fig;xra' 3.5, Surface times were

. alg'r\].ﬁ;lntly longer:and hence the. dive time to Surface time
ratlo smner. on 8 --10 August As a ccnsequence of

spending 1cnqer porxod: of tlme at the surt‘nca, directional
changes were_ slgniﬂcantly wqacar on :ha:a days..- Dive

" times and: uhitimes also follow this cr’end and correipond to.

?qranter bnt lnd ocean ' noor \depth; on 9. % 10 August ‘(see )
Flgure 3 4)
i shorter. on’ lz'wugull: t:h-n on ull othsr days of the study .

Boch surtace and dive times vere s.\qnuicam:ly

per lod (Elgure‘

¥
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Table 3.5 . R

Average values éand SD): of _whale Behavioural varlabies for’
-the study perio 2= 19 August, 1980) in'Varket Channel,
“ibroken down into. foraglnq ‘and non=foraging dives. Time
variables are in min, directional vnr!.ables in degrees, TRATE:
. in degrees/min. No ’significant’ dif. nces betueen fcragmg 2
“and.non-foraging dives: wére found e

FORAGING“DIVES *

* Mean sp* Mean . SD
SURETIME . 2.67. 1.26 - 270" 1.28 2,05 0.70
DIVETIME © 3.83. 1.26 = 3.83, 1.26, 3.90 1.29
UNITIME " 6.50 2.1 6,53 2.17 5.95 ' 1.38
 RATIO. 1.70 0.87 .1i.68. 0.8 2.14 0.50.°
CGROSDIR - 76.2 6.6 .75.9 '76.8
NETDIR, '»',60.3:62.1 S b9 6i.b L
crock” © ‘a0i9  54.9 20.9 . 54:
" COUNTER © :34i9°  se.4 3.7
* OVERALL brRN. 6.2 837 . 6.2

"31.4 374 313
' %

FDRAG.ING DIVES'




p,\)ql p093 p.\)g‘] P.\lg% p.\lq N)Q P\\)Q 'LN)Q ©
S0 DAE
. >
Figure 3, 5

‘ Daily means in surface and-, dive times in Varket
Channel.*. Mean- values of (nitime. (dive time plus
Yrecedlng surface time) .are depicted by, the uppermost

The ;medn daily-dive ‘time to surface time ratio
is {llustratéd by the dotted line. 1.0°is referenced -
to illustrate ratio values greater or less than 1.
Foraging dives from the. Xndlvxdual uhale data set were
used to complle this flgure




T Page 50

5 N B
and depths to the top of the bait school on 12 August were

significantly shallower (Figure 3.4).
-

Categorical variables. Erequencies of different group
siies and down behaviours for this study lacatxeny are
summarized in Table 3.6. These categorical varlahles are. .’

. broken down by foraglng and ‘non- k'oraqlng dlves, henca the

number of occurrences of each, typs of dlve} is alsu qiven

: S.\ngle uhales were £ollo\led more often chi;n m:her group 2
'sizes but: thls does riot reflact :heir abundance (see’ Table 3
3.3).7 AS men:;oned (Sectionv 2.3), a!.l group ,si;es “could not
be randole sampled during all observation. bouts. Observed
groups of whales in this location foraqe;d\almo‘sc i

«continually; only 7 non-foraging dives were identifjed.

Non-foraging dives occurred with group sizes of 1 - 2.only.

Whales raised their flukés before most -dtves.

“ . Multiple regression analysis. Results from the 'tws T
separate multlple regression analyses. tl’ne first- deplc:inq

the relationship of each time-variable' to cther whale

variables as uelJ as bait variables, and mhe secdnd,

deplctihq each time va'riabla solely. as a functidh of ha{/,
are presented in Table 3:7. Table 3.8.1llustrates tha first

order, ‘correlation coefﬂcients between pairs of variables

Both-combinations of dependent varlables. whale plus
blt and-bdit only, were slgniticantly linearly., correlated peeml TN

with each time variable. All time measures were mouc'

strongly related to the depth o{ thq bait school (TOPAV

TOPEP) even when whale“variables were” included in the
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o Tab'lpa.e—' B e

Erequencies of various groupi sizes  an dotm bahavicurs for
Varket Channel ‘broken.down forﬁgin and non-. foraging di.ves~ .
Group siza frequencies werdé determine the -group dat;

set so theg represent the, number> of dives of groups of size

- n. Down behaviour frequencies were calculated from the

- individual data set 'so they- represent the actual  occurrences

of each behavi.n\;)ru

. NON- : :

FORAGING -DIVES - . EFORAGING DIVES OVERALL TOTAL
column i column calumn

Number: _Number  %° Number %

GROUP SIZE

$ingles as * 67 4 93 66.9 )

small (2-4 x 44 31.

large 5 2 2 1. %
139 ico -

DOWN' BEHAVIOUR ___
" £lukery

LY -or §
no  fluke
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Table 3.7

Multiple regression results from Varket Channel with
different time measures used as dependent variables. The
independent variable'list contains both whale and bait

“ _variables in the .upper section ofy the table, bait. variables
only-in the lower- section. IndepéRdent variables’ are listed
in the order of entry. into the regression equatidn, »llnng wich
the prSporclan f variance of.the. 'time variable that each
variable plus ‘all varnbles eéntered on preceding ep ¥
account far. (‘-) indicates:a negative relatxonship ba‘tuaan 5
tha: varxahle and ‘the dependent variable .

A

coe ENT - ' . SURETIME - mvmm: " R

; VARIABLE
Indepenident ' i -
Varisbles . ALl pe0.00l ALl P<0.0OT ALl p<0 001
Significant . . .

1st variables
entered and  TOPEP 27.5 TOPAV . TOPAV 35.9
cumulative GPSIZE  40.0 SURETIME 344 GPSIZE 4Y.6
¢ proportion.of DIVETIME 44.3 VEXTEP  35.

E» , VEXTEP  43.0
variance AREA 45.1(-) AREA 36.9(-) 'GROSDIR 44.2.
‘accounted for _ e . TRATE  51.1

Tutal pro d?tion . } . (S
of variag 46.9 8.7 51.8
accounth fnr : .
s g .
Durbin-Watson no autocorrel no autocorrel inconcl px.0S
- test . no auto p<.01

4
»

DEPENDENT SURETIME DIVETIPV'EV 7 UNITIME .

VARIABLE R R, 52 DA, S S,
. s v .
~Bait Vdriables All p<0.001-  All p<0.00L-  All pe©.001 X
Shgnificant s

1st Variables

entered and  TOPFP. 27 o} TOPAV 36.4 TOPAV. 41.6
- cumulative ELRAV. 28.2. ? VEXTEP 37.6 E-; AREA . 42.3(-)
proportion of AREA 30.8(3) AREA v 38.8(-) TOPEP 42,8
variance , FLRAV 433
accounted for . i W v;“\
~ . 3
" Total proportion H =
‘ of variance 31.3 . 39.6 o v44.5
» accounted for -

Durbtn—wazson inconcl p<.05, . mconcl p<.05 autocor p< ;08
inconcl p<.01 inconcl p<. Ol sncon::). P<.01 i
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Table 3.8." First order correlation coefficients between pairs of -~
" variables’ in the ¥arket Channel ‘dive by dive data set. . ** indicates

‘- . ‘significant correlations at p<.0l. * indicates significance at p<,05. , : ;
2 SURFTINE ‘DIVETIME - UNITIME  RATIO TRATE. - GROSDIR . NETDIR GPSIZE . \
i 5 0,45644ne 048548 - 5702% 0. 420214 . - |
. s $8x o o : 3
73 S300TE-4-028
062! 03
$aé 33
= 015661 14
§95 13 .
94 70
38 247
479, 38
04y 9000 -
1 00U** « 0488%x
2832 8202x%
1985 105

£6 a8eq |




3 r_egn’gssxon'equauon« When vhale variables were removed from

“the ragression hovever, the explained Variance of each time

'varnhle decreased by approximately 10f. Regression results Lo o

‘using only footprmc vames of bait varxables to cuntrol ir

st e{ ban Forlailas, (Appendlx 1,‘ Table As‘a) .

servat.lon

wha le bahuviaur
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ralaced r.o the ;veraqn depth und extent of fish sr:hools and
:var ge oc-an floor dapth ‘for each hour (Appemux 1 Table
ccdunted for appr

double me v-rlmco ol each tizie easure when hourly means

Al. 2) The bllt varn.bles

were used. Relulcs of both’ reanalyses vere similar to the
initial lnaiy'lla An tﬁlt‘thl depth of the balt school
]

'(‘mPAV TOPE?) ns most strcngly rolated to all time ,




-

. by noting positions where whales and prey schools were N

frequently broken by pocke or ridgeg devold of bait and
" often seemed to‘(ctus_xlly consist of two or three up-rage

' _‘ ' -
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k]
CHAPTER 4. TRINITY BAY

A large concentration (15 - 3Q) of hquback uhales was
i
in \tha head of Trinity Bay (Figure 4.1) f.rom mid August to ,,v“

mid October 1980. Observations were carried nu}t_frnm 2’
Augug: to 17 September; adequate foraging be)\ﬁ/:riour’data

were obtained on 11 Of the 15 days we were able to work at

sea. On the other four days cdncentrations of whules and

bait were noted. NY

4.1 Bait schools - L e

Fiquré 4.2 delineates lacations and approximate
boundaries of bait schools and cbncentrations, of foraging

. oma
whafgs throughout the studyd.p‘srind. These were determined

concentrated and also from systematic bait traces of the

schopls. Precise boundaries of cohesive prey schools are
plot)t‘eq (shaded) "for 22, 30 Auqust and 2, W] September only . E
Schools were not discrete and yell delineated (as they vere v

in Varket Channel); very ex nslve areas of bait were o~

fish schools, perhaps intermingling at points ‘or sputtlna~ A4

and merging periodically.’’ The bait aggregations in Trinfty
Bay were genarany twice as large.as those in 'Varket )
Chnnne'L (t1ines ot discrete fish schools (22, 30 A\.\qust
and 2, ﬁ ‘September)- Lllus:rated in Figure 4.2 are larqer

than those in l‘igura 3.2, which is 1.6x- the scale df Eigure
1 : P $ g X




) i )
R Figure _4.1
¢ &l 3 3 ?
Lover part.of ’mnu.r
_Chapel Head .and Collle

i K. -
Bay .» ' Whales were located north of

rs. Point duriig: the.early part of _'the:‘ :

period (21'Aug - 2.Sept)’ and.later-(5-17 Sept) wvere
. northeast, and northvest of Tickle Harbour Point, . .
L . : ;s Sl W




Locatibns of prey, chouls that obsarved qrnu
humpback whales 1z ing

Trdnity: Shaded areas ‘wi
agd, bait dricentrations. for: . pe

g -on- various: da
hin‘ cutlines o,
rticular days

Aug 17 Sept:
g sc}qzéols as (eigi:) r;nxned -friom ba.

T traces on Acme days ..
zwhales and bait are présem: xn two sepante areis_ &
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4.2, and additional concentrations of bait and whale# alsb
‘existed on these days. . '
N * : . <
Depth sounder printouts of typical prey schools from
tHXS'study area are presented in Figure 3. 3. The balt
schuols the whales were foragxng on vera almost certainly
Hshermen fr‘om Chapal Arm vere

.deep 1mmature capsun
vﬂ.ndh\g immatyre capénn in cod stomachs throughout the:
“On-2; s and 7. Septemher we .

» t‘xrst Half. of the'study period.:

gy 7 Schnals ot‘ squid (lllsx uhnehmsus.) were dlso prgsent .
throughout the’ .study psriud but vere read.lly "discernible on'
the depch suunder from schools of 1mmatura capaiin. <ThaY’

echo sound tar sts could alsu be more clearly sesn (quure
9[ g
'_ trom them o
(
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. paralleled ocean floor depth. (ngure} 3). Variation in
depth with date reflects changes, in location of the

’ prlnciple bait concentraticns th\s\:hales were feeding on.

Bait ‘and whale coneenr.ra:iuns were in deepe" water at the

beglnnlng of§ the. study period (Figure 4.2), .they gradually

moved lm:n shallower vater alongside the Bellevue Reninsula

“.in early et on 1; X ‘, : they had again moved.

lntgdaepe uater north of’ the\Bellevue Paninsula.

anly appr. ximates tha mean da.lly vercxcal extent of bai:

(sae Sectlon 3 1) . v
¥ ' -

On 39 Auéust thq fish .schocl on which whales fnraged

y more ‘extensive than schoals on every other.

¥
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e w9 __@",ﬂ’“,,n’sﬁ et et et 9"5-?‘:-‘7“
2 ) RN oatt *
) E&gureq 3

Mqan depths to the top of.the bait school - and

‘D? the ocean floor on each day..of observation In

in, ! The X axis rnpresen:s the water sur face,
- the }ml closest- to it the top' of.the bait school .and -
the uppermost’line the:ocean’ flo rea betwean'
the -lines ‘thus represents prey school extent: nd the
aréa ‘belov. the lmnr .line, the water depth ' the "
prey. school . .Lower: Daily variation in Ganticat -
gterln: of prery,his xl-o illunvratqd (rnore -ccurately) kn

e
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2 , il
cuuld be seen if they were, present to the east, south and .
_ Mest due to the dark backdrop of Jland, " however, precise .
—— B
astimates of group sizes were dltncult to obtain for
distant groups . Sightings to the’ nnrth were t‘ar less
reljable. Because of thdse factors census resulcs (Tah}e

4: 1)'grein this study location arg’not ‘as accurate as €hose

t‘rom Varfet: C‘hannal g DI

D\pre uas a’ significant: correlatiun between .the total

pnot ‘Vhales' uere' repaa: dly J.gh ed:! On 21" Augus\: and on'§

and 17 Septembar schools of ‘.LO = ZQ white«sided dol.phins
(Lagam:hxncms anums) were aﬁserved by

@ vas a persistent population- o£°15 - 35 humpback © !

_wha!.es n the bottom of ’I‘rlnity Bay from mid August to mid
Ssptamber (Table 4 1) and at least 20 whales were still
present:-.in mid October 1980, (D. Chabor. pers. comn. ) <

i Becausu uf th \large populaticn it was- difﬂcult to remember.

many- indj.vidual uhules hence conclusive: evidencs is’ lacklng

that tha same whales “vere presenc far t‘he duracion of Ehe ok

“ ~study perlod -k S*a whale ere vary distlnccive in. t‘luke T i

R pattern however, and ‘it vas necess::ry to.: follov em’ for. - b ,A 9 1

only a shor!: period of tim¢ to beccme familiar with them,

A ’Lthese Lndi.vlduals hnd rssidence times in.the. study area ,ﬁcr
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/_Tahle 4.1

© Census-‘data- from Trinu:? ‘Bay. Dur.ihg censises whales were
. counted ‘by: groups. (e.g. 2+3+1+4 etc.) so that for.each census
taken there was a ‘total . number: of whales 1n visible radius .
‘plus a ‘mean group size for n: ?ro
ddte is’ the mean total: from'a
average _group..size ‘for each date: is' the
méan group sizes for each cernsus taken

T T;)tal .

F : Average Nuribér:
. Date  -__.Whales. SD . Croup8ize SD. of Counts
21 AUG 26.7 6.0 2.89 .- 0.12 3 s
- 22 AUG 18.2 4.3 . ©.1.88 . 0.36 -5
) 24 AUG 179 1.0 #2.10 7 0.13 z
" 27 AUG 204 28 2,08 - 0.04 5
w, ¥ 30 AUG 24.8 4.9 2779 - 0:80- 4
31 AUG -, 19.0 3.0 - 1.87 0.35 3 e
. 1 SEP '17.0° 1.0 210 - -0.10 .2
L 2 SEP 24.0.. .55 .85 0.33 ‘G =
5 ‘SEP 21.2 3.9 2.54 . 0.38 5 i
i 6 SEP 21.7 .14 .15 . 0,54 G %
7 SEP 25.3 " 45 223 0.67 3
- ' 10 SEP S14.0 ) : 60 % 32 i !
B 17 SEP’ 29.5° 35 225 0.15 2o

é
128
N
[
ES
S
w
N
Yo
3
o
w
3
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-+ 4.3 éehavit_:ural description

Although fish schools in Trinity Bay were shallower -

T (Table 3.2) and larger than those in Bonavista ‘Bay_ (Vnrket"
) Channel) they vere similar in appear;mn} on thé depth
sounder (Figure 3.3) and in vertical extent ané were
brobably also immature capelin. Faeding behaviour of vha 1‘es
.,111 this study location clossly resembled that exhlbicpﬂ in

E Varka: mannel

ug‘ remained intact and’

& 1ndividuals were horuom:any angned for most of the, time.
% v

I'hey mavad extramely slowly of “lay still just beiow the
surface blowinq at 30 s -2 min 1m:ervals. Eventually they %

muved or dri fted away from the ﬂsh school but after 15 min

were once again over ban: and 'still resting, They cohtinued

J:o rest'while over a prey schuo‘l far 40 min, finalIy diving

Q\f ‘the far-end at ‘the schobl that they’ had just moved

> acrugs. ! Typical fgraggng behaviéur was resumed at this
Tpetnt. L : ‘ . ,s

Genérnlly Lc was ditﬂculc to. \:ell Af’or how whaxes

ere reapend ‘ng to the qeomatry of the prey schools they
.. were explolunq cher tlmes Lt: ua

dlvlng dna, synemu:d.c vay in relation xo :he shape ot ~Q:he

school and its pnution over quculc botcom 5 ,' -
ch-rncurlntica On 27 August 3 uhnlas were fo;aginq on a
= lonq nnrrov ﬁ.sh uchool oriented nurch ; south ulung the '



. sr.‘hncl; for™ anothar 5 min uslng an alternaté furags g

‘vs:udy pericd, only once were whales cbserved preying on - .
bl

side xmdxarely after, a behaviour not prerv.\uusly or

subsequerrﬂ,y sgen 1n ?mlss st paaadly ucutzing deep: bnl: &

i vnke ohungj.nq whales. .Small scMoals of tha type (rom "

_coordinaud‘ lunging occurred. Whales lunged for a pcrxcd u!
2 only. 10, nin but tvo anlnls corntinued tp exploit loak squxd

_,strﬂ:cgyA TM- ;:onauted qf ctrcung around a.. sm}l
’concentnclon of: :quld turnan to face the ‘school and .
thvi.ng into it \d:h

— ' p.q.'ﬁs

-
east side of Bower Ledge, bstvﬂuv\ Bull Illlnd and- chkle b
Harbour Point’ (Ffgure 4.1). The vhale qroup persistently
surfaced travelling &:t, turried in a U shape at the surface

-

and dove west into the school, possibly driving'capelin.
against the bottom ridge and facilitating prey capture. Ve

‘Amough schools of squid vere présent. throughout the

thi

fcrvard thr'ough the-i :urface of tha water and. rnlu.nq to the

On 10 September two vhales vere.noticed ).unglnq’

-

»

Indxvidual ﬁquld could be - seen -18s] an’}rom the uator— in the

which squid h:d been jiggedearlier were located Jus: belov

the Surface. uh,re the vhales had lunged Eyentual ly 5t
¢

uhales cangr’uqltod “in the area of squid abundincc hut no

‘llukes rais

i 9 .

20 humpback and 8 nn 5
P

conlplcuouu and lomauhu !rauz.\od

e dolﬁhinu are'-hnd of, and mud t3be

'!ne movlng nqb\}cxmcl
;. dadddolp{u




'{:1 circles ¢ ol 1 km o(zﬁore Sn diameter . Graup
vas d}n-mc ScmetTned Large: mbbers of himpbacks - fove

a unleﬁoﬂxoﬂ:-uy .aligned and raising- their, “Flukes :ln

. synchrony. Shortly l{:ar llukinq the whales would surta:e
PR . “'together ‘and repeat. the prm:eduro Other times all.vhales
) convsrqed in a ring and conrdlnated as !mall qrnups. 3ora

-~ vh:lesvsvimtnq clo: :oqethcr nnd fluklng up simltaneuusly

+ towards ‘:ha :en:cr of the ring Bloua Ircre !raquenr.ly lcud

- g . = upl no canelqllvz dcpth soundsr evidancc (snr ﬂm existon\cn

n! a- tnt mvlnq nsh ach olibut it could e-suy huva been 7 !

e -uaod as we dld not’ vanmre into. the midst ot :hq

pmq.mlu- The vhlla- ci ,)u C bcen ‘chasing squid, as ;

ghr‘l are known to be Sn. o( ‘the lqnto-t moving of marine

| creatures (Norris ‘and Dohl’ 19&3)\!\!! are utifzeay iy i

: vhtil&lld.d dulphln- (Hl:-on 1981) . When shoals of nck‘erul ala
. (Scomber acembrus) were wéen near Varket Channel on 7 .o

Auqu-u vhales rud not lcuvqu pursue them.

Mow e ‘ : o Ak W 1w e g
gl ; 4.4 Bchnvlourul nnnly-.\n b K i \
' . 3 . .

Y ; cannnm m.u mmu Wedn vulunl of vhale
- e :
5 ~ = &
P . N
s b . € -
“ - « .




bait sc‘haols were c!nsar to tha surhca aml n uhﬂlnuer .
vater just east o! ‘the Bellevue, Peninsula (quuras 4 z ) b
4,3) % Alr.houqh surface timed fnr 10 Septcmber contorm to s

tm's pattern,. dive times were siqnlﬂcantly longer on this
'vdate than on any or.hqr day.  During the ohservat..lon bm,n: on
‘10 September, whlch comprised only .four sequential dives, |

™ 'whales ‘were forading on smalll subsur{ace schools’, "Possibly

of squid.’ It was later on this date that whales were seen

N
“G lunging at the surface amidst squ.ld/"chonu.’

P Cor}'cspondlnqu, the mean dive tfu to surface tﬁ;a ) ’
ratios foH each day had similar values of 1.5 - 2. "!'AWt.
] on 10 September vhen the mean ratio was qusﬂcantly hrgor
}ue to the long dive times (Figure 4.4). Except- fnr 21 - 22—
“~ 7. i August, dive times were longer when whales were foraging on

bait scﬁeols at greater depths, farther from shcru’_(ao -3
i

« /" August, 1, 17 September) (Eigure 4.2, 4.3).
i - - '
a cmumﬂ.tu yariables. “‘frequencies of different group

n‘uen and down bchuvlum broken down by foraging and

non- loruglng dlval are daplctad in Table 4#3. Small groups
of2-a whales v-ra most abundant. Gruupn larger ):'Bnn 5
vere los. common lnd hru followed . on three days only: 21, 4
. oy "2 August and 6 September . Slnqln \Ihl_lal vere rarely

folloved.. i ) .
e b . =l “'\\._ 1
. L oy g R <)
i v L, 5 |8 L
- sty '
s . 3




Average_ Values

and SD)
for (21 Aug = 1% Sept, 1!
foraging ‘And non- foraging
direc:ionul var.lables ar

80) ‘in’ Trinity Bay bri

n’in degree:
.\ icant. dlfferences

or whale ‘behaviotral
g dives : Time Variables a

var.
oken - dewn lnto
are‘in min.
m,.

betwaen

on %
ies 'for foraginq and noh foraging dives (p< 01 except

ﬂaes/mln e /denotes 'si
4 DIRN, p<.05)

7 sum'rmé‘-' 34 3.62
DIVETIME . 459 1

- UNITIME 7}._73_""‘4‘62.
¥ /ratio 181 0.95
CCROSDIR  83.3- 82,3
NETDIR 68,0  62.5
cLock 43.4. 617
COUNTER  .-39.0 552

. OVERALL'DIR _ 4.3 83.1
" TRATE 28,7 27.1

rommc pIVES
Mean ASD
2.880 1.13
las7 <
7.42
ie1.83
‘82.5 80.4
67.8 62.3
62.0-
B
s 5.4 @30 -

9.2 27.2°

%

Eo{zAcggg-nx\;Es .
Mean SD
+16.93~ 20.57
* 573 117.32'/
422,65 ©20.24"
0.95 0.79
120.0' 149.0°
75.0 0.6
35.6° 493,
+-84.4 105.6
+-28.8, 70.4
+ 68, 5.5
'
Y
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Figure 4.4 5

0 . -
. Daily means ‘in'surface and dive times in Tr.ég,lty Bay. -
Mean valués of unitime (dive time plus preceding |
surface time) are depicted by the uppermost line/ The
daily dive time to surface time ratio is
ated by the dotted line. 1.0 is referenced to
ate ratlo vaifes ?-rnter or less Q1 i
ndividual whale

a

i1lust:
Foraging dives from the
-used to TBH. this figure. ‘N

v

a set were ©



" rable4:3

Erequencies of various down behaviours and (group sizes -from
Trinity Bay broken.down by foraging. and non-foraging dives.
- Group size frequencies were-'determined from.the group data
- set-‘so they represent the .observed number "of dives, 6f groups
of ‘size n..Down behaviour frequencies’were calculated from .
* - the individual-data.set and represent. actual occurrences’™ -~
of each behaviour. o p “in "oy

g

b - NON= ‘ N

FORAGING DIVES . . OVERALL .TOTAL .~
.0 ... column P column.
;. Number - % Number .

‘FORAGING ‘DIVES
51N b

y « o4 s Number *. %

GROUP SIZE : . i

‘si.ng]oa - 297 3.7
. small (2-4)7 165 -86.8
lprge (5-8) - 16 8.5/

. DOWN. BEHAVIOUR® y S
fluke-up .- 511 . 88.3.
L¥or YU 729 5.0 "
no fluke 39 6.7 4

’ .\ l‘
i u ) -
; $ { .
' . .
L ' 2 * o ¢




' thay

= presented in Table 4.4, Simila

aftsr obse n
spent codrable perleds ot \:m 2 jus: tloaunq at the: .

surfaca. hence'the le g surface times t'or non t'oraginq dlves

- (Table
43) =g ﬁ",'.‘@ .

uuumn r_ems:mn analms Resulcs from muxuple

_data set are

regresslon analyses on cheﬂive by diy

. s 5 .
he results from Varket i

Channel there was a reductlon in- che proportion of’

expla-tned variance of each time measure._ when bait vgiables wle

only were included ln the reg-ression equat.lon This. was

most marked wheg bait varla.bles were raqressed on surfnce
Not surprissngly, 1) large portion. of the variance of -..: _:

tsrne
*

surface. time for. by _the indep Variables was
attributable to the directional variables: how much, in
-what direktion and-how fast whales turned while at the .
surface (Table 4.4). mrecuonal variables accounted for B
very. uttle (5%) of v:e variabfuty u( dive tlme, however .
Surfaca time was slightly better predlc:ed by bait variables
in ‘\:hq \lm'rxec;.l'u!:c dive area than was dl‘(s time (Table 4.4). .
Unitime, the combination of dive time and surface time, was
more’ strongly correlated with bait variables¥WTable 4.5) and
accounted for mcro“ of ;their'variance than either surfate
time or dive tlmo‘lono (Table 4. 4). n was the case in
Varkat Channel (‘hblos 3.7, 3.8).- ap only footprint
. values of balt vnrhhleu vere J.ncludod in ordar to com:rol




of‘the -time: var.

gatlve relationsh.
ependenc variable

" !
* DEPENDENT. - - - »summ'a'
< 'VARTABLE e
. Indu enden\'.

</} Variabi An <0001
: sig-niﬂcam:

"+ 18t variables "caosnm 15 5
entered and
-cumulative

.’ variance
\ accounted for ,NETDIR 60 4.

Total prepor:inn 7
-'of variance.' 60.9
aacaunted for e

- DEPENDENT SURETIME
k VARIABLE . :
... Bait - ¥, 1 e
* Variables-. . All  p<0.001
Significant E .

" 1st variables
entered and

L)
Y variance ELREP+ 17.3
accolinted for - o
Ny - —__  Total proportion
of variance .
4 £ vari l17.4
- accounted for |

i Durbin- Hlt-on inconcl p<.05
L \ inconcl pe o1

entered on, recedin? steps -account: for.
p between. that variab).e and the "

proportion of D!gETIME 29 2 '.: VEXTEP

Durblﬁ Wataan no autocorrel..’

M lr.iplu -regrasslon results t‘rom 'hfinity Bay
ime measures used as dependerit variables: In’
“of ‘the table the-indéperident variable:list. contains
nd-bait vhriables; in the lower. section, balit: variables onl
Independent’ variables are listed  in, the ‘order. of -entry.
: the regression sg:ation along with the proportion' of variance
iable that each variable plt

g DIVETLN[E

Al peo. 091

SURETIME Y

* +GPSIZE 7.1(-
FLRAV. .

inco.l <.05

anoncl p< 01
4

f A
DIVETIME

All p<0.001

FLRAV ELRAV
$@lunulative = VEXTAV | 16 0( ) VEXTEP

3.9
5.6
-TOPAV 9:9
1.3
2.0
12.7

autocor p<.0S
1nconcl p< o1

v

the. to)

us all variab!
-) indicates a

ey

' .Page 72 N

with difterem:
section 7
oth ‘whale

into™
les -

UNITIME

Au pe0.C oo’

1

.+ 35.5

UNITIME

All".p<0.001: .
v o1
() VEXTEP " 1.

¢ *DPAV
EXTAV i

autocor p<.05
autocor p<.01
x )

ELRA\
GROSDIR 16. g

236
93¢ ) VEXTEP
131 TOPAV

i 2y

Ll 1(-)
342”

autocor p<.05”
“autocor. p<,Q1

.

2.6
5.0¢(
17.s
8.0(-
8.5

t




.

se:s of analyses remained

comblnatlons that uere reanllyzed uhale Lvinq behn

q)cas uss’a (see Appendix l. Tuhle Av 4) Tms alsu cccurr@d \‘.

when., reqressj.ons were rérun using the first dive of ev ery |

hour (Table AL3) . “Wpale cuvmg behaviour vas 1‘ss veu oy

prsdicted wr{en' cnly !ooqprxnr. valuas of

1nc1uded in the - agqraqat:ed (hourly means) ‘regresnon v )
_analysis The accouncable varlance ‘of: the timq varinbleu ~

decreased ‘from Z, 17% (Appsndlx 3 Tablq 03 4).but :ha?a
was rio consistent patl,:er,n. (L.e. amnng time varlables)
, s

he»deqraase'. TN s DL b

" . Table 4

depiuts the firsu order correlatlun

coe!ﬂclants bs\:ween paLrs bof varlables. 'Relatlonships -

betvesn palru of. variubles wsre the revsrse o thuse ‘found . <

‘in Var;kut Ch-nnsl in tuc notnbla Wi 1) Tims upent at tha W

surface vns more highly correlsced vll:h the depth to t)‘ top

n was dive g

of the bun: school and to the ocean floor €l
3

time. 2) Floor depths were -more highly correlated’ with both “

surface and dive times r.h_un were .“p'd:iy, “




pairs of
** indicates
gnificance at p<.0S5.

First crde'rvc,erralauon coefficients betveen‘
nity ‘Bay dive by dive data set.
ions at p<.Ol, * indicates si

tariables in the Tri
significant correlat.

Table 4.5.
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:'wera ohserved taraqing on - thesa Iate post spawning(schools -
’Irom 18 - 26’ July, 1981." After 30 July the large deep ’
» . schqols had dls-persed and most vhale‘ had left ;ha area

Strong southwest winds precludedvcnnunuinq behavlaural ® w

observations during the last week of July: : o

ol 8a Bait schools - o S8 ; : R

Elgure 5 2 depicts the concentrations c( capalin and

»wh:leu on various dates throughout the study perled in thi,s

", . .. .area, It is not known if whales were_foraging in the

B vtcsnsty of Great Island befn”l‘l July ‘Wheh we travelled - .

v

- . l‘rom Witless Bay to Cape Broyle Harbour on 11 July leokmq

B >_ 'lor other tpr'aqlnq whales, nnﬁ‘e was' seen ou:sida of the .
small !_.y\:h_ore -bays (HL:!aﬁs -and Mobi_la}Bays, Cape Broyle
Harbour) . - on 17 July whales -were seen -off North Point and ™
Brigus Head but heavy swell -prevented us from 'follbwing
'toraqlnq‘gronps‘. Whales and prey'schools moved | -

‘proqrqnively nbrth \:hroughrsut: tha latter half v July -
(mguﬁ 5.2). i e g / R




o AVAL.ON g
PENINSULA -

o

S E.lqureyS‘]l

:Enut caut of tho Avalon Peninsula, south of t
John's. On 25-26 Julg behavioyral observations were -
a

carried out in Sholl y and Motion Bay, areas not
1nc1udod—in the following enlarged map (Figure 5. 2)



thro
area.

ou

quure 5.2 ‘\

t the
Outlined areas do

- per.lut-rl_ of £ish achno

locat.

Loc-tions of qonct:gtrutlnnl of whales and pai

n-the Creat Island study

i,t'lot represent actua

except for the m
On some days (19 22,24

July) ‘whales mq Eur-qmg ‘on prey in two or more
ons.
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. After 19 July cancencratlcns of| prey vere usually 3
composed of smaller Antermingling sub- schenls (see Figure °
5.3). Because of this compeslte struc:ure it vas difficult
. to assess the" slzn of capelin’ agqregatinns here as compnred "
“to Varket Channe\ and Trinu:y Bay. In’ §eneral they viere -
smaller- thén in. bot:h cchér deep bait 1ocatlons Smaller

iy patches af ban: vare ~irequently spread over: a 1arqer area e

than that accupied by the. concencraced schoals in Varket +
Channel. When ubservauons vere’ flrst begun here schoolg’”
were‘ la'rger and more cohesive (Eigure '5.3) and small surface. ’ : 5
: schiools &t ¢ capélln vere present ahove the deeper schools. P
* Common murrés (Uria aalgag) ‘and Atlam:ic puifins (E_La:.er_:nle ’

arttica) vare rtegularly seen with capelin Un :heir beaks. C )
' “ 3

l ~
w2 % S Average bait and ocean floor depths for thls location

Ta ere sumer..lzed in Tahle 3. 2\ As 'the study perlod progressed

prey schools vere | found in ghallower uaﬁer (Figure -4), .

- although not necessar\ﬂy cIoser to land (Flgure 5:2).and . . .
chey decreased- markedly in vertlcal extent (Figure 5. 47
The depth of bait schools ‘themselves, did nut chanqe 2 ‘. e
s;gniﬂcantly throughou: the study perlcd (F.tqure S 4) The . ’ o

larger post spawning capeun schonls seeh here somstlmes

extended to the. ocean floor and at other times were located

mxdwey between the surface and bottom ' (see Fiqure 5.3)
" especially after 22 July

.2 £ensus Data

Alt;huugh we uorked prqqresuvely further nor:h (E‘lqure % : _;
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Figu.re 5 3

Yresentat.l.vs depth sounder printouts !frqm the Greac
and 'study area. .The.upj ger school is. from early in
the study perioed (J.B 19 July) when schoals Hera larger
and more cohesive. . The- louer ﬂgure is cal of the
osite schools observed latsr (21-26 Ju y) Dep th -
‘scale is 0-60 tathams (0—1 )




page 80a




DEPTH IN METERS

i Uppar 3

ait 'scghool
'+ The .area.be

DATE.

3 iy 4

'8

B

Mdn dept:hs tq the \‘.op af the. ‘bait’ schnol 4nd
-:to the.ocean floor 6n each ddy ‘of observation in thi
Great Island study‘hrea..(ihe Xaxis.represents the'
. .water surface, the line closest to'it the coy of" the
d the ugpermosc line.the ocean
ines:thus represents. preyrschool
‘extent’ and‘the 'area below the lower ‘Line’the watér
.dapth above .the prey school.
N’ vertical.extent of prey is-also lllustrated (more
a;y) ln :hp 1 .

een- the’

F.lqure 5.4

‘Lower;:

floor

Daily variation
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5. 2), 6= 9 humpback whales were present within vlsible

radlus every day that vork at sea was possible (Table 5., 1)

hroug it:. Thﬁ £nrmer seems ths more likely for a s By

number of: easans

for tms date.‘ !n rauponse to N.ghly s:.gnlnca\'\t reductltm

the amount of. prey avlllabls, (as retlec:ed in the .




Humphack vhals counts from the Great Island study ‘are:
' During censuses.whalds were counted by. groups
' ‘for' each census taken.there was a total ni

. visible radius :plus ‘a miean. gfoup size.for n- group‘s Total’

5 uha}e’s' for “ea::h .date is' the mean total t nm all cnunts fcr
ay grand:

. ‘mean o_f the mean qrpup sizeg for each




s 7 ﬂn whales vere seen‘

dolbhxns vere abser’ed south

£ ¢ i 4 the sarie pait va chen follbued for: 6. 5 cn 24 July 7y "
5 Y% g «whale In{tlal“tf stghtsdnand followed ulth Tom ‘@

d, Rosl.e on

ur" £ Skioal: Bay on. zs July

Resldenc:e tine J.n this\lodatl.on :hus:

No vha!es,t fol kwed ea

foraginq behaviouﬁ hera uas ;;omparable to !;h R
o‘bserved' 47 the other .two ddep Balt locatidns  Watds Al i

< i nat fbrage as con

nusly houever 14% of 2ll-

2 ) 2 observad uera l:ategerlzed ds non- f.ofaglnq Not




u P‘age 8s

secmod to alther xn-dvqrtantly ).use er deu.berately leave a -

. PR
3 ;rea bu!: not into bnt.

v schoql #s they con inued to: dive in r_ha surruund).ng -

. . behavioural variables'
in m’:la’é o2
i

’Eigur; 5.5, deplcts

1 changa at tha sur{ace vas

X Tha rate of curecnnnal change vas

um- thu we
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) Bou

Table 5L2 ]

erage (and SD) values ot‘\whaleT behavioural variables “for

‘the study period (July 18 -\ 26, 1 1), in. the Great Island:. ¥ i
study ‘area broken down ’1m:c\ttnra ing‘and non- foraging dives.
Timetvariables:in min.., ¢ onal varisbles: in degrees,
TRATE in’ (degrees/mi. fn th non-foraging dives. column

s denotes significant differences |from values for foragin
{-'dives.: (P01 for allyariables except DIRN where p<. os?

»

Me:xmx.gp Eoggg:m DIVES /“5’323,?‘5"?5“* o
SURETIME  3.5¢ . 3.15 2.91 "1;24 ©8.33
DIVETIME, -4.77 '1,57 . 4,92 1.46 v 359 1.92
CUNITIME T Y3l a.da” 7.83 1.7 +11.92 *16.80 - %y
_RATIO . 14.35 g 1:.1’6 ) 2"00 1 12 E +°0.77° :ofa% 4
[GROSDIR ¢ 77.8. 5.1 7L.a. 718 108.2° 941 .
NETDIR - *. 60.7 ' -54.3 \‘e‘.'z‘ 55.5 £6.7 44'8
[ chock - 380 :2.5. 0 347 a9z o 65.8 * 68.3 . ‘
" cowTER 4400, SH6 7403 6.0 -38.3  44.5
"OVERALL PR o2, 0. das 155 749 - 4215 66.7
mareC 236220 [ 2ke 25T ea3s n

W




TIME IN MINUTES ~

¥

90

s . uppermost, 1ine.
time ratio is illustrated by the dotted line. 1.0 is
* referenced to-illustrate ratio values greater or less

Foraging dives from the individual whale
data set were.used to compile this figure.

: ) 7

than 1.0.

Al

[ T T — —
July 18 July 19 July 22 July 23 Jaly 24

July 26

"3 Daily means in surface and dive .:Lmes in the Creat
Island study area.

Mean values of unitime (dive time
plus preceding surface time) are depicted by the
3 e mean daily dive time to surface




. Categorical variables. ‘Frequencies of differant: group
sizes and down behaviours broken- down by foragxng versus

non-foraging.dives are reported in Table 5.3. Small groups

< 3
. of 2 - 3 vwhales were most commbn, although single thales

comprised approximately one third of all groups followed. -
Group cateqp‘ries were delineated differently for this, .
location (g“rqup slz:‘s.:cf 4 includeq uiithi‘larqe‘ rather than
small groups) to aveld the problem &f empty cells i’ further

analysis.. No:. g'roups larger than/s Here seen 1n ‘this

location. For only four dives df all those observed in this
location were group sizes)‘arger chan 4 (two dives of a

group of 4 Ho@esfﬁf a group of 5) .. These large groups’

were alwdys obs on forfaging dives, only single whales
d small groups displaye;l non- foraging behaviour As in ’

both other, deep bait loz:acians, most dives were preceded by

fluke-ups. )

Multiple regression analysis. Multiple regrésslon

analysis results for the data set containing all dives are

summarized in Table 5.4. 'As in other deep bait ldcatibns
the " removal of/ whale varlables from :he Lndapendent variable
list decreaspd the propartion of variance of each time ‘
measure th}(t the Lndependent varlables account for. This
was most/avxdent with surface time, a large part of the '

variancé of which was due to ‘the directional variables.

. Unllke results from Varket Channel and Trinlty Bay, surface

_timé was not signlflcantly correlated with bait variables at’

an (Table 5.4). . ' § ) B
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“ ‘Tablé 5.3
Frqquencias of various: group sizes- and down behaviours for:
the Great Island study area.broken down by foraging and
non-foraging dives. Group size frequencies were determined
.for the group data set so they represent the observed number
of -dives of groups of size n/ Down behdviour frequencies
were calculated from the individual whale data set so:they
" represent actual occurrences of each behaviour.

; NON- a
"FORAGING DIVES FORAGING DIVES OVERALL TOTAL s
co .

co column
. 3t o Number 4 Number % Number - % %
- GROUP STZE e
" sin 160 s 28 -27.2 6 30,8 :
smal N 77 65.8
‘large 5 4 3.8 « 4, 3.4 e
. 103 100 .-
wﬂﬁ ?-)Avxoun = g - ) &
: nuke -up 159 82.0 17 63.0 176 79.6 @
LY or SY . - 3.6 4 “i1 5.0
no fluke ze' 14.4 6. 22.2 3% 15.4 i
194 100 27 100 21 (10 -
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B o * Table 5.4 W

Multiple regression results from Great Island with different -
-time measures used as dependent ‘variables. The independent a *
variable. listcontains both 'whale and bait variables in the
- upper part of the table but only bait variables in the lowe)
- part. Independent variables are listed in the order of. em:ri
* . * -, into the regression equation along with the.proportion 'of
variance of the time variable that each’variable plus all - : -

. variables entered on'preceding steps account for. (- ‘e \._'
‘indicates a negative relationship between that variable and VA
‘ the dependent vartable. .
v DEPENDENT : ’
VARIABLE - . ~ SURETIME . DIVETIME v UNITIME
.~ - Independent o R
»  Variableg All 'p<0.01 . All p<0.01 *  All p<0.0l . .
= Significant . = i} X

1st variables GROSDIR 14.0 N
“TRATE . ©

-+ TOPEP 9.1 . g
entered and 47.4 SURETIME 14.0(-) GROSDIR 8.4 -
. cumulative DIRN : 49.5(-) DIRN 14.6(-) TRATE 24.9 :
proportion of NEIDIR 1.4 NETDIR  15.4(-) TOPAV 29.7 e
. -variance VEXTAV" *51.6(-) TRATE 19.0, D X~
- accounted for VEXTEP  53.1(-) TOPAV 19.7 VEXTAV ~ 30.2(-.
. ' ELREP 53.1 AREA 20.2'(-) AREA 31.3(-
ELRAV ' '54.6 VEXTEP  '25.5(- =
TOPAV 54.7 VEXTAV 26.1(-
Total proportion 2 - -
of variance 55.1 . 27-.8 o 31.6 :
accounted for N b . &
Durbin-Watson inconcl p<.05 autocor, p<.05 autocor p<.05.
test no auto p<.01 autocor p<.01 - autocor p<.Ol1 ‘'
DEPENDENT g o ,
VARIABLE SURETIME DIVETIME UNITIME
.Bait X : . t .
Variables . none _ « All p<0.01 All  p<0.01 5

Significant

& - + TOPAV 0. TOPAV . 7.9 ~TOPAV.
) 1st variables TOPEP ~ 1. VEXTEP B.7§-; %
A . entered and  VEXTEP . 1. EA 15.8(-) VEXTEP  11.9(- -
cumulative AR| 3. ELREP 16.1 VEXTAV ~ 12.5(-
« proportion of VEXTAV 3.8 . 18.0 ‘TOP] % .
variance ' FI P ‘3.8 ‘TOPEP +18.4 ELREP 13.0
e, * accounted for ’ELRAV 6.3  VEXTA¥ 18.9(-) FIRAV  14.1 5
Total proportion . ? 5 i e,
of variance . . "6.3 18.9 5 14.1 5 »
accounted for> . -

. ,f" Durbin-Watson . ‘autocor p<.05 aur.nco} p<.05 \ autocor p<.0S
test autocor p<.0l autocor p<.0l autocor p<.0l

) . Iy




Sttt

«(Appendix 3, Table A3. 5) Reg‘resslon results with nnw

surt’a:¢ ume uhen directional'v 1ables e

characterlstics (Table 5: 4‘5

%he proportxon of varla.n'e of surfa

accounted for by the Andependent variables dropped by
13% when only footpﬁnt values af baic measures were
included 1n order to 'cantrél or nmltlcolllnearlty The

prsdlction nt‘ u.nttime by ] ban& varlables only (uhﬁle

varLables gxcluded om the analysls) dropped’ by soz uhen ’

the ‘set of baitﬂvarlablns incl dsd just {ootprint measures

fuocprlnt bait meaSures uers, hovever, qual!.tackvely~s1m11ar

Raqrosslon analyses uere refun using the hourly maans

' of each varl,able in an efforc to ramove autocorrelatin
4 (Appendix 1, Table Al e) :

’I’his was not: entirsly sucessfulx
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data set was used. Surface time however, still.did not
show a slgniﬂcant carralation vn:h bait varLables alone.
Smnar results were ubtained when regressions were run .
using data composed.of only the first dive of évery-hour
(Tabié h1.5). Only the regression of dive time on, ban:

“var ables alone remainsd autocorrelated. When this da!:a set

vag dsed time spent dt the surface was s:.gnxncancly related

tc all lmedxa:e bait variables sxcept: Che ver:ical extent

f p&it at -the whales footprint. Regression results on the
‘aggregated data set using only the footprint measures of

A 2 A2 -
. Balt variables were similar to "those from the dive by dive

siat»a set. =

Tables 5.5 and AZ 3 portray the first order correlation :
. ccefficients t‘nr the dLve by dive and hour.ly mean data sets
reppectively 'l'ha :Lm:er-relac:l.onships among varxagles were
3 similar to chose from* ocher deep bait lacaticms in a number -
or ways vae time was negaclvely Felated t:o the vertical
extent and cress sectional area “oF the prey school in the'
-immediate dlve vlclnity Ralatidnshxps evident- between
varlables in the dive by dive data’ set ueﬂe more strongly.
3 expressed in the agqragaced data set. Time spent.at the
‘-surface and group siza were slightly positively correlated
. in.the dlva by’dive data set, while in the ‘aggregated data
,' -set the carrelatlon was substant.lally stronger, both hare
and .Ln Trinity Bay,, (There uas aAslight increase iy the
< correlatlon— coefﬁcxem: in Varket Channpl ) Lurger qroups

_ssem to spand lonqer periods of r.lms ‘at the surfacs




—
'ga;rs,of-
;indicates

.’'significant correlations at p<.Ol,.* indicates significa

fficients between

~dive by dive data set.

Great Island

‘First order correlation coe

variables in the

Table 'S

nce at p<.05.

—TOPrP

NETDIR-

GROSDTR

SURPTINE

DIVETINE

“TOPAY

GPsIZE

Page 93

¥ ¥ ¥
L33
i ihE JEEE v
Seangs
MATNENN

PERAY

- AREA

VEXTAY.

PLRTP

VEXTFP

TRATE

2es
e

DIRN

RATIO

UNITIME

NAVELL

O Wit 0. 2 <
> > <ODX:!

O~
WO
VDTWRPP
REWEI00
DO Ul

PERELEE
><O3xak




% L S - " Page 94

surfaos time and dLva time vere noq:nvcly cuml-ted in
t.th stidy location. .




. . CABTER 6. SQUTHERY_ SHORE '

The datl sat fqr this J.ocal:lon Lnt:ludm observﬁt ons., ot

: similar to |

| (Figure~6:

c:apel an iy
sa’ l'éod kahaurca and puftlns,'

‘.l'sllm;ds l’!‘epcmda c‘n capau
:murres, “and kittivakes with’ capelin in !:helr f;eaks vere 2l
g comcn ‘siqht He nbse\'ved ctpeu.n ),npxng lrom chs water
,lheau of lunqlng vh-les )na -dead enpcl.ln vero traqusntly
.seen ﬂ ltlm; at the purhce .Threugh?ut 'r.‘ha study geriod
) usnmn vere Hn]lnq cnpeun in the ‘stomachs “of cod and of
" seabirds acald ' :
: Capelin wi \ ,prl
nccdéa in ddle Fo ‘late June in_ this’ l_ac;t:xon_

caught .‘Ln ¢ nets (J. 'antt pers.

ily at the") post spmmlng Stng.

(Legqet: et ll 94) s b

Patch!l of pn!t: spawning c;pelin were dlsperued
‘l-throughout m.tlau lnd Mobila Bays: nlvhough ur‘eas of g
proportiomlly qron:er prey : dqr\uty did axiat (E‘iqure ‘6. 1)

o Ba.u: lchuo _x\:undad trom _the surface dnwn\nrds except on
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Southern Shnre stuﬂy area, exclud(nq Cape’ Broyle /.
Harbour: (see Figure 5.1). .Small’ post :'gavninq < peun
'schools’ wer'e distributed -thv’bughcut Witless Bay:
the inner gort.\on of Mobile Bay. -Crosshatched
. in\ Mobile Bay: represent Toncentrltad pray s¢hoolls .
The ‘olitlined.area of Witless Bay delineates: the"
whales. foraged \in+ durinq the. observa.c.lgn bou n

i July >
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Mobile Bay (Figure 6.2) . This concéntrated type of'séhesl ‘' - '

‘is 'simn'ar in' conﬂqura:'xnn

€o thése 's'eeﬁ “later l'n Capé e Do e

nnd lﬂcely p{ecede t:he duperscd school staqe' ‘seen both‘ 4

:here and after t.hc more cancéntra:ed schon}s' in Cape'Brcyle ¥

'roylu Harbour (16 July

J Wltless and Mobi e’ Bays (a .mxy, ngure q . The-vertical . ' * -«
extenz of prey schuols was. slgnlfic.antly less vhen they were - .

in shauow vater: “close to, shore (8 July Ln Hltless ,and:

8 ot B Mobile Bays) and sigmficantly qreater “in desper‘ water 3 £ -
e (10 July, wmess Bay

TR farthsr from shn

d Broyle Harbou .E'Lgure 6.1) Graphs of varlation in bait"

variaﬂles ‘over . :ha ccur,&e of. ‘g sl:udy perwd' were: .,

" con: 1dered lnappropriate for this aging situaticn sinc

‘we cbserved. whaies in. difk‘erent bays an each da Hencel ase

contmuuus pxct:uru ui ban changes over time in one area, as k-

cempued tor the deep bau study lccat;ons Ls‘unavauabl,e B Wag ™.

each of Mabxle and [k

n e)tplolt:ed prinr ‘to »the anse: uf bshnvloural ‘-
Only zw S humpbnck

vhqles were present on.
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Figure 6.2

Depth sounder printouts of concentrated post-spawning
capelin schools from Mocbile Bay (top) and of more
scattered surface capelin schools from Witless Bay
(bottom) . Depth scale is 0-30 fathoms (0-54.6 m).
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Mean values ot bait variables averagad. over tha ancire smdy -
period in locations:’ wherelprey schools were shallow.: All

~depths are in.m, 'XS.:AREA . dicates A sig‘niflca.n’
différence (p<.05). between values foraging and® non~forag
‘'dives. Contrary to the’ ‘table’ Qf values for'deap Bait,' no

. of ‘values : for- top depth exist’ t‘or these areas'as bait.was at
or: just’ below the} sur face., % L £

‘fm‘ ‘glnq wheé) hales -were 1

férage * forage’ forag
) .dj.vgs o divgs, .+ dives ! divg’s
35.9 "7 3.8
el .. CAPE BROYLE : 38.7 . .37.6 ' *48.6 - 97 . 10.0 6.6.0 -7
. . " .. SHALLOW BAIT . -~ .. ° ] S A I T
<0 TUAVERAGE . .36.7 WT L YA . 6.7
» v e i s g ke
L. KRILL LUNGING ‘38.2: ~“38.2 - "= . 1006 6 =i
Lt ".KRILL NO ‘LUNGE 75.6 696 +85.2 - 3.3, %0 437
KRILL Avtm\ca 5.9, "si.q' P 852 Covre 83 v3.7 %

‘tRoss SECTIONAL AREA
s non

: d;\!;és . igrase ;
’ 1040 i 1Q80: ° ¥
| d1e0. 12307 .
sm:,!.ow BAI‘T I § e s e TR AR

-10§°“ ©o+ 1120 * 730

* KRILL LUNGING . .‘11‘090 v 1088 LS -
! 0 LUNGING ", 380 ; ‘440

710 :810
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5 : o T . .
* each day of observa;icn (Table 6.2) . Group sizes were

small, the mean group size -over :the encire period was 1.83 #
o

0.19; ’mere vvas no sigmficam: gerrelauan between tota

oo ales in the study area and qmup size, ah:hough the
L reution of the relatxonship uas negativa (r' -o. 512).

" Bay on 8 Jul? »'ere aqaxn observed 'gether dnd fa!lowed on

.10 July in witles Bay One of tﬁg pair vas later sesn on
VB s N 12 July in Cape Broyle Harbuur Residence time in _these L
) tndividyal ©
uhales exploited resources in more than one bay.

.. .. ' small bays was chus at least 2 - 4 days an

63 'Beh"av:_ou-"-al _descripmé

I
Groups of uhales selectlvely utnlzed the concentrated

aggreqatlons of capsli

n Mobile: Bay * (Figurie 6.1). but only_

denge area of bait 1n Mob.lle Bay for .only O 5 h before they

Left the 'pray school” ‘and proceeded to travel . 1eisu|*ely away

. frm the ‘area of bait.and up the nor:h shoré of the bay! - ¢
. The toraginq strategy used to exploit r.he sman subsurfaca

A schdols. dispersed chraughouc‘ this atudy area uas tarmed

& o '_ 'y far limited Zime periuds On 11 July 2 ‘whales fnraged on a %




.During censuses ‘whales were: .counted by.groups so that: for

in. Hitless Bay on 11 July

Page 101

s manle 6.2

Humpbal:k whale counts from the Southern Shore. study arqa

each census taken there was a.total number of whales .- Y\
in.visible radius plus a‘mean- group ‘size. for n_groups:' To:al FE
whales for each ‘date is the mean total from all:counts: for G 2

1
was.donie in Mobile. Bay on'10; July, nu uhales ‘were present

Total ~ 3 Average Jumber- -

Date qucé. ‘Whales s.d.- Group Size s.d. of Cnum:s

8°JU Mobile 5. 1.78 . 0.19 T3 :
8 JU Witless 3 -2.00 '0.aL 4 o
10 JU Witless 5. 181 0.64 3 :
11 JU Mobile .- . 2. 2,00 3

OVERALL MEAN a 190 o0.12 13
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_ . crulse and minch" behaviour. Whales travelled slowly in

2 fairly'straight -Lines, often following the shore and

terminally dlvin%ﬁ}'iadically.. Terninal dives were not )
always marked by fluke-ups; disappearani:e from the surfacer

3 for 1 min or more was a. tore rellable Lndlcator Whaies
travelled xn groups but did not hahicually cdord(na:e dives, s 5
surfacings direction of movemsnt or lunges It was

o * 'repeateédly noted: that’ horlzontally ~and vertlcally more

extensive. pacches of ban: were.present at the . surface in*the k

immediate vicinity of the footprint than in the area ejther .

preceding or following it. ’ . > : g
¥hen. foraging on the dense capelin schools behaviour
contrasted dist‘inctly with cruise and munch strategy .
Whales, circled extensively while they were at the surface, )
< dives were oriented toward the school and forward lunges a

= . were pccaslona].ly seen. No lunges were ubserved vwhen whales

were using cruise and munch faraqinq mode

It was apparént that whales bec) aware of where the
‘céncan:rated:capeuﬁ schoo;lsgusre lo'ca.ted‘ on SJ\.;ly>1n
Mobile Bay ve observed a pair of whales that wers ELEN
alternately exploiting two areas of high bait density,
travelling ;urecmy back and forth, bet »them (Figure

o ~ 6.1). The same pah' later left £he dense aggregation of

bait-on the northaast: sida of the bay, crossed the bay and
travelled up the southwest; shore, foraging on small g

. . ~dispersed 'capél in schools . (cruise and munch) . - As they

= pi‘ocee‘deci out’ of, the bay bait became very sparse and they
étoppe@' foraging:  they tra_velvlacl_‘ very slowly, ,bln\dn}only .“_'
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A once/min, out:of the bay and around Tinker “Point into the .
g adj;cené cove. After circling arouhd the cove they

re-entered the bay, cun:inul;\g in non- foraging' mode. They.
headed straight for the -dense .area of ‘bait they had J;m:

about 1h earlier and resumed furaw. i

The greater part of the-data’set for this study

B .1obaclén consists of cruiéa and munch f.u'r‘aginq orr small

dispersed capelin schools. - Data col'lected on 8 ‘and 10 July
in wn: ess. Bay and 16 July in Capq Broyls Harbour consists

“ehtirély of cruise’ and muneh behayiour. Only cbservations

from s July in Mobile Bay contaj.n sequences of fwraqmq on

concentrated balit schools

6.4 Behavicural analysis

. . Continuous whala yariibles. - Mean values of whals
" i behavioural - variables broken down by foraglng and

S " hon- t‘ornglng dives are presented in Iabla 6.3. When both
o ) forag.lng and -non- foraglng dives were included;’ sur face t?mds
S were significantly 1ongar on°8 -July in Yobile Bay but"this

retlects the effect of the long times spent at the surface

- 'durlng non= foraging dives (Table 6.3).. When foraging dives

. " only are considered, no significant daily differences in -

" sirface time existed., Dive timeés were significantly longer 3

* on i6 July when whales were feeding in the deeper waters of

Cape groyle' Harhbur .




i . i i . Table 6.3 . .
it Average values of whale behavioural-'variables for July .
o » 78,- 11,16, .1981 in  the Séuthern Shore study area broken
z e down into foraging and - non-foraging dives. Time varidbles xn
min, diréctional-variables in degrees, TRATE in degrees/min.
" ** in.the hen-foraging dives column denotes significant dif-
g . ierences from values for foraginq dives at p<.01; * at p< 10.

' g, ropgme opes sl o
5k « T
. | SURETIE . 3.88 T 479 2.6 2.08  *++12.41° 8.33
DIVETIME 216 1.14 221 1.04 - *1.80 0.9 T
‘UNITIME 6.04 . 4.89 485 2.47 - 14 850
mrro | 143 1.9a 146 18 e o.‘v 043
el CROSDIR i %0 3.6 755 1007 w2sys 277
- NETDIR 63.7 .71.6 55.5 62.0  +4120.4 102,7 - -~
S cLocK 9.8 81.0 B2 67.9 01133 1245
% | CoUNTER  ‘-53.0 eB.1 -40.2. 63.3 *4-l418 159.1
OVERALL DIR  ~5.3 *.78.9 20 760 ¢ -85 944

TRATE 3.1 57.1 ;359 605 ’ 21.2  20.2 .
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wm\les turned least at the surface on 16 July when

toraglng un small dlspersed balt schnols up and down the‘

Sizes were smill (2.+3° a2

whales) in asz ‘of all glves observed Although- Tone whales .
were Qlways present (Table 6.2

very tev were followed

Groups bt t'our vhalas Uere rare and o larger g'roups were

attr‘n;m:able to directional varlabl,es (Tahle 6.5) Bai(: )
varlables alone accoune for only Zz of surtace tme %
varlam:& “¥nen dive :une &s'used as.the dependent va\*xabl

houuveh almos: all ot‘ At: xplained variance ‘is due

o baic varinbles, anly 'Zx is attributable to direcl:lonal
. vari_-bles. Predictably, results with unitime as the

4 "dupandant viriablé show characteéristics of both tbe dlve

timn nnd surface tlmg rsult: and ara 1ntermediaea betuean ',

them. When the. reqresslcn equqtlon‘ uationt Ancludes only

:he taotprlm: measures ot balt varhhles to” correct for L

mlticulunanruy the degree af pred.\ctsnn ot'dsve time
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e

"'»Frequencies of varinus group sizes and- dovn behaviours for.~

toraglnq dives. Group size frequencies were, deter d_for the
., “group’ data. set' so they represent the observed number of dives
-, of groups of size n. No groups larger than 4 were-observed.
Down behaviour frequencies, calculated from the individual
whale data set, .represent actual nccurrencss ‘of. each behaviour.

. . NON- .

E'ORAGINC DIVES FORAGING DIVES OVERALL TOTAL
. column ‘column column
Number b4 - Number % Number %

" GroUP STZE o A Ve ow

P sin? 3.6

.| small (2- 3) 122 87.8

‘_ mediu.m (4) 12 8.6

L s .1ia i 139° 100
_'Dowu BﬁiAvaR

* fluke-up’ . 129 146 66.0

. LY oF Y 25" ; 1376

‘- o fluke . . 39 a5 204

2T 221 - 100

the Southern Shore study area broken down'by ford g and non-
; 15




, Multiple re

different.time measures used as dependent variables.

| Table 6.5

" ‘Page 107

ession ‘results. from the Southern -Shore .with

The :3

independent variable 1list contains both whale and bait 8 i g

variables 'in the top réw and bait variables.-only in the

bottem row. Independent variables are listed in the order of

“‘ession equahlon along with the prngm’:mn
that each. variable

entry into the'r
of -varidnce .of the: time. vari

all variables entered on preceding steps account for ity S e

and the dependsnt varkable

(-) ‘indicates a negative relationship

. DEPENDENT ; SU'RFTINE

- VARIABLE = F "

" Independent gl
Variables All p<0.0%
Significant i
ist variables CROSDIR . 35.7

. entered and TRATE 50.0
‘cumulative . NETDIR _ 52.6 -

_proportion of - DIVETIME 53.5
* variance’ VEX TAV 54 1
accounted for .

Tet:al proport:ion o
= ce -55.0
accnum:ed for,

" Durbin-Watson no autocorr‘él
. test ¢

DEPENDENT . SURFTIME
VARIABLE \

‘Balt Variables -
ignificant

1st Variables VEXTAV
entered and. '~ AREA
cumulative
proportioh of FELREP.
variance FLRAV
uccoum:ed ror .

- none

Totul praporclon ) . .
of variance 2.0
; accounted (or : v

Durbln Hltson ‘no nutocorrel

Pr" &

0.9  ELREP’
i7
VEXTEP . 1.8
19
2.0

: mvam’E ;

. All -p<0.01

ELREP. 26.9

40.0

no ‘autocorrel

DIVETIME

All* p<0:01

FLRAV.
VEXTAV" 3
VEXTEP

38.4

no autocorrel

etween :hm: varlable

\

UNITIME -

NETDIR

no autocorrel

UNITIME

All p<0.01

no autocorrel
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,dropped by 25% for the bait plus, whale variables‘ analysi;.
30% for the bait varisbles only analysis. Altholgh the
“prediction of unitime drupped by 50% tor the bait’ var.\ables
3 only analysis when just’ foot:print measures are used bait
measures account fm— a véry small prnporcxon (4 - 8%) of the
vvariance of unitime anyway (Appendix 3, Table A3. Ba

Regression’ results were qualit;ti\lely slmllar after

re-analysis to control for: mylticollinearity. N& individual
. regression énqiyées weré autocorrelated. K e

" .::orrelar.ion ;:osfflctiem:s betueeﬁ pairs of varléblés
(Table 6.6) further emphasize the above rela:ionshlps
Surfacefimé is vell correlated with the directional
varlables (CROSDIR, N'ETDIR) and not with bait variables.
Dive time is well correlated v.d:h bait. variables especlally
t'luur depth, but not vith directional varlables
Relatzlonahlps of unitlme with bait and diréectional variahlss

_,‘_._gr_e intérmediate between those Eor_ dive time -and surface.

time. . ; . % B Y




pairs of "
significant,

s between
* indicates significance at p<.0S.

First order correlation coefficient:

Table 6.6.

** indicates

variables in the Southern Shore data ‘set.

correlations at p<.01,

Page

@

T ¥

DDNONP=ONBNG

“'TRATE.

DIRN




CHAPTER 7. CAPE BROYLE HARBOUR {

Groups of humpback uhales were observed foraginq ona’
. dense aggregation of pést spibml.ng capelin in Cape Broyle
Harbour from 11 -4 J\.\ly1 ,1981. Aftsr 14 July the"

concentraced prey dlspersed lnco small school! scattered -

As hi'i!:

‘along ‘the south shore ‘of Cape Broyle Harbour

those observed earuer inithis n, but: uere s, mllar to
schopls explon:ed by whales ln Witless and Mob. s

(Southern -Shore study area).; observatinnal data from 16 Ju

An Cape Broyle Harbour are included uxth\fﬁé Southel‘n Shore
data set.

= 3
“t

'7 1 Balt séhools A !

Prey schools in this 1ocat:10n cuéh@eﬂtit‘ely of

'A:apelin (see Section 6. 1) « Capelin vere primarily at the
. post- spa\mxng stage; spavning cypical‘ly oceurs durlng/he

first week og July in th_is location (KAFrank,v pers. cBmm-.

Leqqett: et al. 1984) .

From 11 - ‘14 July, post-spawning capel}n were
concentrated primarily off Geﬁ!:leman Point‘; although ggall
surt‘a:‘e schoq;s‘verg ‘also d;spersed-alanq the sauth shore of
Cape Broyl‘e Harbour (E'.hjui'a 7. 1) . Schools wer'e most. dense
on 11 July, becomlnq progressively more 'scattered until by
16 July no local dense hqgregat}.om existed (E.I.gure 7. 2).

‘From 16 = 18 July small surla:e schonls of capelih were
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f——

Figure 7. 1
- : Locations of {35;,‘; schools. in Caga Broyls Harbour,
s ¢ e Jul 1981. ers within outlined areas‘refer to

. limits of prey on that day- - In addition to the
g R concentrated:schools of capelin off Gentleman Point
e e 7 ‘from 11-14 July, small  scattered .surface schools '

Outlined sect.

achools vers no lenger presen’ fter’ 14 July

extended nlon? the south shore of the bay -(12-14) .
ons from 16-18 July refer to areas of
small scattered surface schao}iaonly, concentrated

u';m :
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P * , Figure 7.2 4 s,
L Depth sounder printouts of bait schools from Cape ;

v . Broyle Harbour: Upper: - Concentrated prey from 11 l/
~July when dense bottom schools were present.: Middle:
Trace. from 13 July wheén bottom schools were less
extensive-and concentrated.. Lower: Printout from 14
July by which time bottom schools had completely
.disappeared. All trace/s ‘from the area of Gentleman
P ?oim: se)e Figure 7. 1) Depth scale is 0-30 fathoms
o e 0-54 y i E
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‘t_ﬂspers.ed_ in thevout'er 'fpar'r.'of the harbour” (Figure 7.1).

E‘rom 11 - 13 July sur face kggreqatmns of prey extended
dounwards to meet LSsmall. dense bo:tnm scheols (F,l\gurs 2:2)«

B extensive. 3 g L < "

. present, however. $ . *

. 7.2 Cehsus déca L d

RETRRETR July (Table 7

By 14, July\ no battom conc@ntrations -%Te present although
cnndsnsed surface schoals were, stﬂ.l localized near
C-entlgman Point. By 16 July, in  addition to belng more,

d,&tfuse,, surface schoels were.also 1ess verci:al.ly

Mean valuqs ‘of ocean floor depch and prey 5chool exter{

averaged throughout the, study . permd for Cape Broyle Harbour

L are provided in Table 6.1 Bait su:nools exploi:ed by whales
'were found “in progressivel.y deeper water as the schools
dlspersed and moved furt:her from shore No significant

dal‘.\y di.ffarences :An the, vertlcal extent of schools were

‘l‘he number uE whales presen: in the bay fcreased from 5

. Group sizes were gmall (X—-l 43 x -
0. 24) and ne gruups larger ‘than 4 wére observed.  There was

' no‘siqnlflcam: corre].atton be;veen total daily uhale count

a‘nd thean” daily group sxze +No, humpback uhales were seen
here after 17 July ‘and after ZO‘(,ly the area vas no lonqer
'monltored for whales Each day Z =<6 minke Hha!es were
presen't but: ‘no other species of cetaceans were noted. ‘A
pa,lr of uha].eu followed on 13 July vas observed ,again and

tallousd an iq July, lndlcatmg stable qroupinqs and LS
P st "




for each cepsus-taken. No whales were present after 17 July.
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TabIe 7. 1 -

back whale counts .ln Cape Broyle Harbour ’During censuses
'"Tes were counted by groups- so 'that for:each census taken
there was a total number of whalssin vaa?le radius plus.a .
mean group size for n ?roups Total uhale for each date is
the mean total from all counts -for’ that day. The’average group
size for each date is. the grand mean of all mean group sizes

i 3 Total Average . Number
Date Whales -~ SD - Gr/oup Size SD_ © of Counts




residence times of at least two days.

7.3 Behavioural description

Whales exploited the concentrated «prey‘ school off
Gentleman Point for 0.5 < 2.0 h at a time, circling P
excenslvely al: the surfa;e in_the vlclnity of the s‘chuol.
They dove 1m'.o the school from all dlrecti.ons, exhibiting .no
signlficant prefarenca t‘or inshore dlre.ctians (scuthsast to

" west nbrthuest) (Figure 7.1). "R S

/' On two of .thq four days of observation, whales i o ¥
proceeded- to exploit the small scattered schools along the

south’ coast of Cape. Broyle Harbour (Figure 7 after

leaving the Gentleman Point school. using cruise and munch
foraging mode. They .then entéred what was considered to be
a non-foragi\lag behaviocural mode similar to that seen in B
Witless and Me’bil‘e Bays. This consisted of lylnq almost
*mntlonless at the surface or moving very slowly (<0.5 knot)
and blouing at 1 min intervals (ccmpared to 10 s between
blow lntervals when faraging ‘on; the dense prey. school) On
the ogher two’days whales appeared to stop - foragq\g
diately. .On 14 July a pair of vhale§ left the Gentleman
Foint prey school, travelled lelsureiy’ out ‘to North Point
" (see Fiqui-e 7.1), and then returned directly to the school

after.1.h to resume foraging.

“Lunging oi:curre-d on-each day of behavioural obsgervation
in this study area. Whales usually apbrcachsd the surface

of the water. at an angle of approximately 45°, and tould be
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seen closing bheir mouths at the surface. During most

lunges whales were in a normal vertical position (dorsal
upwards) although occasional side lunges were noted. Lunges
were seen only in the vicinity ‘of the Gentleman Point school
. except for; one instance. On 16 July whales that had been
pravu;gsly a;(ploltlng scattered capelin schools r;ft Church * -
Cove using cruu.a and wunch strategy, suddenly-started A
4 lunging .after dark. Depth sounder traces from Iunge areas - j
showed that ‘surface schools ;x;d condensad and dropped
slightly "in ‘the water column® ‘(Eigure 7 3).. Although whales & o
travelled in groups they did not habitually coordinate X

dives, surfacings, lunges or direction of travel.

R ) 7.4 Bebavioural analysis "

Continuous whales variables. Mean values of whale
behavioural varlables for all dives, foraging dives, ;nd-—

. ~
non-foraging dives are sumarized in Table 7.2. No time’

variables were significantly different.among various days of
the study period. Whales turned slqn_u‘ﬁ:nntly less and at a

slower rate at.the surface on 14 July when bait schools had
begun to disperse. GCreater amounts and faster rates of
rtaca dl.recuonn change occurred on 11 and 13 July uhsn

.tho Gentleman Point bait school was still hlghly localized.
+ .

CMLLGAL ur.uhm Frequencxes of followed group
sizes and down beha Lburs are given in Tnble 7.3% No single
vhu).ps were !onoveq, ul;hoqgh chey Vere seen each day (Table
'7.1) Gt"oup_q of 4 were rare a;\d when they did 'o::c_ur vere .y

- ephemeral. The data set contains only two dives of groups-

it \
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Figure 7.3

Depth sounder printouts from 16 July in Cape Broyle
Harbour. The top trace shows fish schools observed in
an area where whales were forward lunging after dark
(2140 h) . The lower trace depicts typical schools
exploited by whales throughout the day. Depth scale
is 0-30 fathoms (0-54.6 m) .



Avarage 5and SD) . val S. otv
ng 1981 .. ?
agine -non - foraging: “dive:
dzrcc:l.unll variables in- degrees. TRA /.
* in the non-foraging dives column’denotes :s qnit'icant‘
s dufarem:es from valuos for’ foraging divcs at p<
* at p

N . g
- o : . i .
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1.04 2l827a04 L s T
Y253 earise siz2.
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.+ Table 1.3

!'rsquenclas of. yarious group. sizes and down behaviours for
¢ g:ape Bruyla br oken down by toraging and non- foraging dives
i 4G Jencies were determined for -the group data set
% su they rup s:nc thegobserved number of dives of groups of
size n. No groups :Ser than 4 were obsérved. Down behaviour
-lrequencies were calcutated from the individual whale data
‘set ‘So they rapresent dctual ‘vceurrénces of each behaviour.

FORAGING DIVES . FORMGING DIVES - OVERALL TOTAL
column ; 1

B column - column

2 Number % Number % - Number . %

GROUP SIZE 3 i :

: single: - P is - - -
small (z 3N 52 %.3 v 6 . 100.0 s8  96.7
> . nedxun' (a) 2 “32 2 3.3
- . 54 6 © 100 §
DOWN BEHAVI

fluke-y 21 . 2141
Y or § ., 16 16.2
;no fluke. - 62 62.6
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of this size. - Only 24% of all dives vére preceded by
tluke ups - 'l'emlnll dives without any flukes raised were

most’ common

mmn r_egr.nmn analysis. Most of the variance of
* surface tl.m (75%) was attrlhutable to directional variab).e‘
varlance bait variables were not slgniticantly correlated

vir:h surtacu time and account for only 3% of its variance

(Table 7 34 4) Bait variables’ were not !lgnincantly related -

‘to dlvs time either and accouited for just 8% .of its
variance. 9.4x of tha val:‘iancs of -dive time is due to
P, ,dlre:tlohaL variable ance. Mu‘n:lple regresslon results
-~ for unitime, the comblnatmn of dive timd plus surface time,
were intermediate between results for each of the component

.varlableé. Regressions that.were rerun to correct. for', _'

mluco}l,\hqarity'ver_'e quantitatively and qualLtatiyély

. s:,mllar‘"excipt‘ 4n one instance. There was a 75% decrease in

tvhs‘prupértlon p{' variance of dlvg time .accounted fox; by i
both bait and vh-le wvariables, Hhen the only bait measures

were, r.hose st the tootprim:

: E - Some tests-for autocorre‘latxcn vere inconclusive. In
. two‘:nna}y‘seu vhcre ﬁhis occ‘uh;ed (bait variables only

B i raéreaée on ;Lm variablcs) resul’:s wer'e not significant,
U el " . so rsgredh

. Bur ace t4me oni bait and whale variables combined, che

ons were hnt redona Xn the regression of

rehtionshtp between dl.recti.nml vnrl-blas and surface “time
vas so' obvious (and expected) that rltesting tog confirm the

absence of lutncorrolaeim was Considered /u;mu ssary.
B
/
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Multiple regression results from Cape Broyle Harhuur

with different time measyres used as dependent variables.

The lndependent variable list in the top row. contains bnth
whale and bait variables and in the bottom row, bait
variables only..Independent :variables are listed in. the orda\'
of entry into the regression ‘equation along with the =
proportion of variance of the time variable that each

variable plus all variablés entered on precedin:

staps
account, for. (-) indicates a negative relationship betvaen

that variable and the dapendent variable

DEPENDENT SURETIME . DIVETIME-
VARIABLE ¥ .
* Independent B '
Variables All p©.01  p<0.05 except
,Significant # "GPSIZE,NETDIR
. oo not. siqnif
1st variables GROSDIR 40.3 JDIRN * 4.4
entered and  TRATE 72.8 , 7.3
umulative DIRN 74.9 GPSIZE 8.5
‘oport"ion of VEXTEP 175.2 NETDIR  ~ 9.7
variance AREA 75.7  GROSDIR 13.8
accouritfed for FLRFP 75.9(-) VEXTAV 1g . g
L 15.
3

ELRFP 17.
Total prupnrtion B .
of variance 76.Q i = a3
account:ed for. B W T 5

Durbin Watson inconcl p< o1 no‘qur.u;:crrel
' 1nconc1 P 05 i @ »

DEPENDENT - .. SURETIME DIVETIME
Bait Varisbles ' - . rione’ .. none
Signi{ficant i o

1st Varfables VEXTAV. 1.6 '- AREA 3.7
entered and - ELREP 2.1(-) FIRAV 4.8
cunulative ~ AREA 2.6 EP ~ . 7.6

propartion of. ELRAV 2.9(-)" VEXTAV * " 7.8

3.2 VEXTEP 7.9

variance: VEXTEP
accounted for

Total propor:inn . "
of vari 3.2 7.9
acceunted tor N

' Du\'bin Watson no auto p<.O1 inconel p<.01
st

inconcl p< 05 inconcl p< 05

' VEXTAV
“. VEXTEP
AREA

UNITIME .

‘All p<0.01

VEXTEP

FLRAV - 66 3

GPSIZE ~66.6
7.0

"
no auto p<
inconcl p<LO

UNITIME

» NETDIR 35 %
TRATE
* GROSDIR 65 Z

( )

none | -

ELREP
FLRAV

5.4

no autocorrel

f
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* Correlation coefficients betwveen pairs o; variables for.
:Ms study location (Tphle 7.5) further ratlect the above
rasults Surnce time vas strongly correlated with the
amount of sur face dxrecncmal change (GOSDXR NETDIR) but

ega_tivqu correlated vith all other variables. Dive time

.-was not str’ongly’ correlaéed- with any variables. Sur{;'ce
i> times: bec-use r.hey were lr.mgar and more variable than dive
»wére the more idfluential

times 1n thls study locltiu' .

comunent of unitime. Unitipe was thus more strongly

correlat:ad with surface-time r.han with dive time.

.
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. CHAPTER 8. KRILL FEEDING

" From 25 Juna - 2 Juiy. 1981, h\nqaback v)‘\ales were
abserved (agd‘nq on krul (Thysancessa r_as,dxu.) at the head
" He observed uhalas laterally lungsng
iy d 2 July on
7 26 hnd 28<June. vhales were ex,ploiting kri.u hy slmply dl
: lntc small patches ot it. ' The data u!: fnr this study

g
“y

lucatmn conslsts of vhales using both foraging strategies.
. Although u‘ha‘lau puriodically trav.ellad in qroups vwhen
teeding on rkrul, for the ‘most part: they, tod- separa:ely and
only a l_j.mited nlyount of coorﬁgnation ac’curred. Hence. no
' i_group‘ data set was credted for thid’ uudy‘ location.
‘el Beitiechools . | 0 4 : i

. Eigure. 8. 1 s‘ho‘vs locations of conceﬁtrac;nm of
(bennnﬁssn :mu.) and of -behavioural observation b;mts 3
for th stidy” location. Sanples of (m;mnn.ssn raschii)
were col!.ectod on 26 Juns and 2 July. Ln .the vxcxnhty of

lunging whales Brh':k red faeces, dannostlc of krill in
% 2 the diet, vere lrequently@een and a. samplé uas obtained” on

28 June. ‘and 2 July:" Only sum-‘fuce traces vara seen on the

depch sounder (Figure e 2). and these, were-quite dn‘.‘t‘arent‘g
o lrum prlntouts of aurtaca :apexin schoela (F.Lgures 6.2.and -
,1y
¢ ware :enduming capnun. uls aluo nen on 28 July, haweﬂer
s ol‘ d
. :npeun ott st, 'Vanvenc 8 A(Elguru_a‘l-) . Humpback and mlnke

v_ 'I 2) Brown tucel, ths colour t:yplc gen when uhules o

tha \mlle could hlvu beep oarlj,or far.gtng onxschaol
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Eigure 8.1

Locations of pbservat;qns of humphack vhales faraqqu
in Bay.

on krill on different dates
Outlined areas do not dali.nelta e ﬁgt pariutcrl of *
prey schonls, just general -areas where krill feeding-
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Depth sounder printouts from 26 June (top, O-30
fathoms, O-54.6m) and 2 July (bottom, 0-60 fathoms,
0-109.7 m) in St. Mary's Bay On 26 June whales were
simply diving into the patches of krill shown on the
upper printout. Whales were laterally lunging at the
surface into the krill schools portrayed in the lower
trace. The upper trace is 2x the scale of the lower
trace so krill swarms appear as large as those in the
lower trace but they were actually smaller
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whales vere observed exploiting schools of “spawning capelin

off St Vincent's from 22 June - 4 July. i L

. Mean depths -of krill schools and of ocean floors during.

ubservancn hnucs ara prcvlded in Table 6

vere siqntticanﬁly shanower and the verti.cal sx:ent and - - .
.

‘ Ocean floors !

i Hhales were

area of krw swarms vere qraater qn 2 July \me
latarally nqlng Because vhales 1unged' nto balt and then O ot
dove, not necassarily wher: :

variables have slightly" dlfterent names far this study

hey had - just 1ur\ged “patt -

‘location. The suffix -eac_refers tn bait variables at the
lunqe location for data from 2 July and’ a. tha dx\le location
for data from 26 and 28 June (where" whales -were preswnably

giving intc areas o! ﬁ\‘ey :hey were abcut o exploit) 'l‘he

suffl.x -fp"!eatprln:) refers €o bal.t varlables al‘. the dive <~
-\‘ locat:l.on for lunging da:a from 2 July. and bait variables
no\:print for data irol_n 26 and 28

. ".\ ki “‘averaged 150'm arouﬁd th

: June (sutﬂx “av’ from ocher st:udy locations)’ |
3 =4 .. o . )

s, 2 Census data o -

ot At the beginning uE the qudy peﬂod there was a sharp
anrease 1n ths whale popul.atlon lolloued by an' ahrupr.

s decunuf_mn_m:_qngm_(zable 8.1)".: On 24 Juge no

uly only four were sighted

) whnles vare siqhtad, and on. 2 -
north ot Yalse Cape (sae Figureue 1) « Group sizes were

- vsmall; slngle whales ware ulghl:ed nore frequem:ly :han-zrchar

i group uxzas and ths h gest group uze recorded was a. *

: Thpre was no: nignlﬂclnt corr'elanon “between daily tota).

; whale cQUnL" and mean dnily qroup size: ¥ L
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3y 7

b R ! Table 8.1 . R

Humpback whale counts *from St. Mary's Bay. During censuses
whales were counted by groups so that ‘each census yields
a total number of whales in visible radius plus a }sqa gréup
size for n groups. Total whales:for each date is the mean
total from all counts for that day. The average group size
for each date is the grtand méan of all fean group sizes for
each census. No whales were present on 2d¢ June and ho groups
larger ‘than 3 were ever seen. - 7

- Total

5o Average Numbér Wt
Date; Whiles  SD Group Size SD:° of Counts
25 JuN 9.0 - - 1.50 "0.55, 1 -
26 JWN . 11,3 0.2 1.28 0.15 7 e
2@ JWN - 12.0 - 1.20 0.42 1
2 JUL 4.0 1.0° i+ #1.33 0.34 3 ,
OVERALL 9.1 3.6 -~ 1.33 0.13 i .
MEAN
‘ . .
. -
v . 5 T
f 5
" -
.
L




- R Page, 129 v

Only .one individual whale was resighted. A vhale
'previously folloved on 26 June was seen” west ‘of Cape English

. ‘on_2July. Pods’of white-beaked dolphins (L hynchy
4 -3 o ¥ :
5 B mj_r_qm were seen on 25 and za June and minke vhales
5 were accasmnany slghted S % i . A
£ 3 © .. B:3 Behavioural ‘descrlp:i‘cn M \
: & 3

zn this study location éhe unlq‘\ie‘aspect‘l‘of humpback. ’
’ . . whale t‘orﬂglng behaviour was~the 1ateral surface lunging

4 During lunges whales’ vere ccmpletdﬁy on one side when :
breaking the water surface They _ typlcally moved quite \—/ %
slowly for 4 - -10 s with the jaws ‘open and buccal grooves ) ‘.

- grea\:ly expanded Closure of the Jjaws was generally

5wy accnmpaniedhy -rotation to norm;l swinming pusltlen (dorsal
upuards)

We-noted two principal patterns of movement at the

. surface during bouts of lunging. The most frequent of the

two vas a repéatéd ‘serles of zig-zags. Thg whale would blow &

once or twice Ln one dlrectionnmoving 20 -'40 mat the -

surhce, turn abruptly, maKing a 45°- 90° arigle with its
previous- direction of .movement, and lunge, travelling ) .

* through another 20 - 40'm.  The other common movefient .

"pattern- at the surface formed the shape of a “lollipop. The

wha!a mqved 100 - 200 m¢n a strai.ght line'and then started
to 1unge and -trnvel in a circ\l‘ﬁ Generally ‘a complete -
©  eircle was made, the uhale returning to. the approximate

4 -

)y pnlm: whe: & dlverqed from'its st?alght Hne pnth ‘u,
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would laterally lunge imlediately upon surfacing as ls
' typical of forward lunges used to capture capelin, observed

in Witless and Mobile Bays and Cape Broyle Harbour.

Two whales feeding in the same Vlc}nlty would sometimes
codrdinate fola mmber of lunges and then resuime lunging
.separately. Coordination occurred in'two formss, Usually
whales moved together in the §ame—direction at- the surface’,
lunging in unison side by side. Occastonally, hovever,’
cooperating vhales lunged in opposite directtans But: passad
clqse_ to each other with jaws agape. Coordinated lunges~

were most common in the zig-zag pattern of sur face movement

Only one instance of the poSxiblé use of bubbling
behaviour to concentrate prey vas recorded: 'A whale exhaled
at depth, creating two patches aE numerous !arge bubbles ac®

the, surface. 1 i

. - B a
,\_'"‘On 28 Juipe a'single whale proceeded to travel steadily
south’after cruise and, munch foraging on small. patches of
;kriil Thls travelling sequence (10 dives) comprises tne
anly non- fcrag;nq dives for this sty location.

<
)

8.4 Behavioural aphlysis %
« 8§ 7 .- L
‘Continuous .whale variables. Table 8.2 depicts meins of
whale variables, for ,thisstudy locatior partitioned by a

number of factors. Since foraging bahavicur during the

observation bout on 2'uly (containing lateraq lunglnq) was_
1

dlstl t: from that observed on 26 and 28 June (crulse and

/‘m\m variable_means. are first partuionud by date. Medans

\

.-




P Avoraqe values *of whale behavioural varhhles t'rmn \
B observnﬂons of humpback whales “feeding on krill in St.
= ‘Hary s Bay: Time varlables -in min, directional. variables-

CSWRETIME 378 C - 1.3 . 3.8, 124
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-‘_-'rameaz s -

in’ Variable means are

first, parntlnn-d by d-tc Means - for 2 July. are
lunging and non-luniging dives, those for 26 ai
'ohglnq -and ‘non* forag: ng dives. All dives from
designated o torl ing. Three cowparuons ar

)lung_lng with ni inging-dives. from 2 July,
July with forl gihg dives from. 26 and:28 Ji
)t‘er-qing with fion-foragingydives. from 26 and 28
* denotes” neln ues siqniﬂcantly different from :
ve: + denotes mean’ values . .

non foraging dives on .-

dtvided Lnte = 2

signific: ntl dsf!eren
zeq:na’(zg JuXe (p< 05).

L

; 2y ¢ wi B and za JUNE
lunging non-lunglr;g Eer:ging non- faraglng
. y X

A m%
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@ for 2 July are dxvided into dlves' uith and vu:hout surfacet

lunges ‘those frnm 26°and ZB June are divlded 1nta faraglng

andndn foragim; dives o et } R J

Eouf’compnrisons vere made beétwéen sets of variables

Euraqlnq ives ul.th ncn~£araqing dives frorn 26 ‘and- 28 Juha

n lunginq dives trom 2 July \uch
1nd dl,es from 26 and 28 June AL multivarute

analyses ot‘ varlance of erb etfect of each factor. of 4 G

compar.lson on all whale variables combinad were signlflcant K

except \:he last; nan lunglng dlves trum 2 July were ng

different from nun «f raging dives on 26 and za June.

In thé comparison | betvaen 'sur face bqu}:s that cu‘ntalnen‘
l.ung bn 2 July and t:hose that did not, d&ft‘erences uare L F :
B 'EE;/Lklng Hhan lunqing, whales spen: longer times at the

B 8 surt‘ace and‘.;urned signlﬂcancly more andv at a raster rate

whales virtua].ly travelled xn stralgh: lln s a.nd spent leu
: :han 1.5 min at tha surface vhen they d/g nnrc lunge (Tablo
o B 2. :

Consldering only che cruise und muhch foraging d@ta (26
and ze June), non- toraginq dives (from a travellinq
i sequonca, see pravd.ous) vére algnlﬂcanbly different, l‘roi?
foruqing dives‘ bn a11 time maaaures (Tnble 8.2).  The basic’

unlc ot vhala ‘behaviour (unxtlm) was shorter ‘in duru:xon
durlng travelunm ‘the hale speﬁt sxgnlucnntly less txme

hm:h at the surtnce and divmq
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In the third comparison, that of }unging dives on 2
July with (ouqm'g dives on 26 and 28 June, only directional

“'variables were d&f‘erent (Table 8. 2). Wnales turned more

4 extensivaly and dt a faster rate when lunging laterally at-
“ithe surfaca msd svarms of krill” (2 July) than when shply
B divinq Anto patches of Krill (26 :nd 28 June) Lunging

1n t,hts antlre study where

dlvea ccnprls tha onl ,!msr.a

.vhalesv emon traceiany significant clotkwise or - - o

:aun:erclo uise dLrecxlunal tendsncy Nhen }unglnq vhales i e x '

turned predaminantly clockvisq

m:.g.qr_u:u variables. Single whales veré felloued
most often (T:bl¢ 8, 3) (and were most abundant, - see Table .

8.1). The majori.:y ‘of divas wsra preguded by fluke-ups
(923) -,

of the pcr‘lod of cbserva:l.un involvipng I;r.eral lunging . .
& July), a number of results are of note. Almost 70% of AEE A
the _dlvesﬁ included _nurtaca lunqss (Tabla 8.3)‘. Ocean floors
“were a.\_(jni,t’l:antly. shallower uhm)unélnq occurred than when
uhales did not lunge. Bait “was_more extenslva on lung!.ng

X cuvea, nlthough not ngni intly ‘'so. -When lunging dxves ! g "
cnly are’ conlldcrod, “the ‘number ot _times :\jes 1unqed a: s 2%
lated (p<0.01) i

race. (r=0. 72) and wien the crus}-

tha sur. flcQ vn slg'n ificant 1y 1 lnaar ly co

ctionu aru ot thc krnl uchoul 75 m te eu:her slde o!'

t:he center of the lunqa area. (r=0. 64), An’ -veruga of 1. 3

0 6 lungcs/nl.n lurtfce tlm occurred and the mean numbsr of



o One or more surface lunges is a

NUMBER |, 52. 1o s2. fo. a7 11 4

_# DIVES - 11 9 4 S| 6. 1 1 i
PERCENT = 34.4 . 68.6. J

# LUNGES" 0 1. 2 3. 4 5 & 7
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" N g " v*, tes,
. 3y Tameas

Frequencies c{»—vm—iou ~group slzes and down behaviours and ‘of
the number of .foraging and noh-foragin dives. that occurred
during observauun of "humpback whales' feeding on krill in

St. ‘Mary's Bay. :No groups lamger than-2 were followed.

containing various numbers (0-9) of surface lunges. The w e
percentage of dives with no 1un?es at the’ surface and with ;
so given.

FORAGE "GROUP STZE ' DOWN BEHAVIOUR
forage‘ non- - single pair fluke  'LY SY . rio
forage k fluke
PERSENT . 83.9 16.1 83.9° 16.1-° '75.8 17.7 6.5
) s ; 5 o

NUMBER OF DIVES Wli'H n i.UNGES AT 'IHE SU'RF&CE‘ ON JULY 2
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<
mu:.mxa r_eunessmg analxsm When buth bait and vhale By

variables uere incluaed in the regresslcn equa:ien, almost
a~

all of the vanance of surface time was explained (Table - . '

‘8. 4) Directiona]. variables accounted far 70% and . balt

variables Just’ 242 of surfacé time variancg Balt variables X

e not siqni.ticantly llneaﬁy’orrelated uith ;
= (o

Compared with Surlace time mu::h Jess of :he variance
.

| of dive time was due to the directionai varia.bles (zozy and ..
more. was due £o bait variables (331) A1l pait varl‘ss ¥ ) -
were sd.qniﬁ.dantly linearly correlated \dth dive t:ima HB&H:" ’

and -whale variables ‘combined prqdicted unitime at'a level SPe.
intéfmédiate betwesn that for Surface’ time and dive time,
hovever) unitime was. better. predicted by bait variab\as Y

.'When. regressions were rerun’ ta com:rol for ¥

wulticollinear&ty the propartion of variance ‘of dive ‘time

: X accounted fgr by bosh pait and uhala variables decreased by |
_' i ) 272, that accuunted for by bait varxablss alone decraased by
. 151\ There. was a 15% decrease: 1n the variance of -uni ol » %
accounted for by bait plus vhale varlahles and a 437( N b

qecrease ‘when pait variables a!one were usad' Ragressfon '

: r‘ésults vith surface r.lme au the independent variable were

no: subutantnlly af(a\stsd and uu Fesults’ vere L . .
qun;i:ntavely similar af:e_r re-analysis, .’ i oo i R =,




r of-éntry ;| .
tion of "
us

vériables entered.on preceding. st
- indicates a megative relatiansh.
thi endent vari B St

DEPENDENT % 'i.mxr"m g
VARIABLE . “»

."Independent T . e s 2 b
Variables - All .p<0.01 All p<0.01 All .p<0.01

. Sign¥ficant - SR Wt PN R - k

57 LB g i S FLREP: 23.1
- 1st' variables GROSDIR' 49.5 .. GPSIZE 3

-3 entered and ~ TRATE - -~ 84.7..  AREA

@3 ‘. ° cumylative ELREP - ' '90.6 "

o 8 ' " propértion of  FLREAT: #91.9

: variance - ' GPSIZE" . 9 ‘DIRN ..
,~—"accounted for VEXTFP . ELREAT
: e DIRN . ° 93.1 _NEgDm: 48.5 -
TIET st 5y T . "CROSDIR 51.4 -
o8 “'Total proportion. SR . L. -
, ‘of variance . .94 524
. accounted, for ' - . e R
o+ .2 Durbin-Watson- no\a'uco;ovg»el ' ‘autocor p<.0l’ autocor p.0L . i
= / test. |, - ] © 4 -autocor p<i05 o7 \a}toccr p<05 7 :
- ' e & = e ol R
" DEPENDENT = ' ‘SURETIME _DIVETIME  °. UNITIME
VARIABLE. 2 ) : ; ¢ N
“.Bait Variables .. ‘' - . gk0.01 except <0.01" except
. "Significant .- ‘none> . XTEAT p<0.05 *FLREP not. sig.
ist Variables AREA- = 6.7 ELREP. 23:1

.7
.+ entered.and - FIREP ' 11:3 AREA ° 30.0: . EA.
cumulative 'FLREAT " -'18.4 ELREAT - 31.4 - E
proportion of VEXTEP-: 2.3 VEXTEP. . 32.9 .
variance = VEXTEAT 23.6 VEXTEAT .32.9
-accounted for Lo “ % % g
' Total proportion 5
of variance 23.6 \ . . 5
. _accountedfor . .. . . : ‘

- Durbin-Watgon’, nb "Quto'correlf‘ inconcl,p<, 01 “no auto p<i0L
.. Lo test {. S g haik autocor -p<.05 inconecl p<.05
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. As surface times were liighly variable, regression lists

with surfaca “"“i as the dependent variabl,e uers not

nutocorrelated vhsreas those vl.th dive t.lme as the

statlstlcally vand

. Fxrst order norrsla:ion cuefficients between pairs of =5 g i

yariables’ (Table 8.5) 'are another, lnaicatxcn of the

relaclonshlps among variables elucida:ed in Tahle 8. 4 B i
§ Sur face tlme was hlghly correlated u.\:h r.he améurit of e m oL

N dlrectional change at’ the surface, uaakly durrelated with

he amunt of bait at| the dive or lunge area’ ancl negligibly

correlated with the ocean ‘floor depth. ET NN PR € oo
‘substantially corr,slated with the ocean floor depth at the »
dive or lunge area but nggugibly correlated with the degree ’

ot surtace dxrecnonal change‘ or vsrucal extent of. prey.

Unitime, sho\u.ng charactar.lstlcs of bo':h compox{ént

nrl.nhlaa ‘dive tuna and surt‘ncs time, was moderately

correht:ed vith directional change and«ocean floor depth. 8 - "

wmun bait variables, krill schools were rore extansive

vhen ocean nooru vere shnllower B . o




. Tablé 8.5. First order correlation coefficients Between pairs.of .
. s - ‘variables in the krill feeding data set. ‘** indicates significant - z
B e TR & ¢ . - correlations at p<.01, * ,indrcates significance at p< . & B . 88
- o i Y N
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;1 CHAPTER 9. EFFECTS OF CATEGORICAL VARIABLES : N
\.

; o e

9 b Intraducclon " o

The efrects of -the ;ategorical behavioural variables‘
(FOR.AGE GPSIZE, DHNEEHAV) on" othsr Hhale hehavi ural

“on: Jbait. variables vere examlned uithin sach ‘

on and for each bai.: ‘type: (deep capelin; sballou Dol

0 capelin, krul) Results af. thess interactions will bé

ﬁrs_ presented for different bait types.” The degree to

which each study 1acarticn ‘fits the general pat:ern uu:hm

that bait type V.U.l ba subsequem:ly descrlbed ) ¥

“o.zmmnova
Multivariate aralysis of variance results for the twoh
ypes ‘of capelin schaols are depicted in Table 9.1. The
e o : : T
effect of each categqrical variable on 1) all comtjnuous *
3 variables, 2) continuous whale varhblas on1y4 and 3) bait

variables only for both ioraging and non foraqing dives Ls '

indlca:ed Non signiﬂcant mltivarxace results for a
categorical var.lable précluded ﬂner analysis. For deep.
capelin all: multLVarlate analyses were/ slgnif.lcant exgept

for the ef!el:t; of ' g?oup slze on bait vafiables. For shallow"

; capeun, only forage had a slgniﬂ.cant overall el‘ect/bn a1l

' comblnnticns 1nvolvlng conti.nunus uhale var.iables. The - i, 1ot

etla:c of group size on:bait variablqs as. max&nally Gis T &
en vhales yere foraging on krill'mo . -~

signl :Lcant o

vlrhtzs nnnlysu of the eﬂec;s of qroup -size a{g down
behnviuur fon each ‘of- the three differen: cnmbl.nanans of -




overall forage.

'FORACE - 0.0001 -

-GPSIZE: 0.0001 0.0001 .

S “DWNBEHAV 0.0001  0.0001

T
“+ " FORAGE 0.0001 < --
T CPSIZE < 0.070. 0.06Q
DWNBEHAV | 6.143" .053

! T Whale and:BaLt 5
% 5" Variables

=1

Tahle91

overall

A\

" shallow capelin d:

Whale. Variables
< only B

forage

DEEP CAPELIN

0.0001 .

0.0001
0.026

0 0001
0,013
.

SHALUOW EAPELIN
o

0.0001 " .

"0.615

10,477

0.743
o.121,

2]

overall

.0.0001
0.145

Results’ of mltLvlriat:e analysis of varnnca “for pouled de
capelin data (uppqr section) and pooled a
;louar _section) . “The efféct of each categorical'variable- wu

letermined- over each:of three'different combinations.of .
continuous variables, firstly -for all dives and-.then for
foraging dives’only. Group size categaries- for deep; capqun

‘were 1, 2-4, 5-8, those for shallow capelin wére 1, 2:3;
Indivddual Am:l were used for’ an
variables. Group data were used
variables F!.gurés refer to signlflcnnce levels ‘fotr aach r.estu

0.000Y

‘tests involving whale B
or’ the tests’ involving bait

. Bait ilaria‘blas
SToenly o

.forage

‘0.118
0.0001




'aa:a (Section 8 4). i T

9.3 D‘euﬁﬂapel‘ln 5 o el ] ~ .

W
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variables were niqniﬂclnt The elfec:s A
(oraqinq/non lorugl.nq and 1unq!.ng/non lunging on both vhale
and bait varisbles have been preuunted for krill feedj.ng

Table'9.2:411ustrates the results,of multiple, .

comparisnn tutl batueen di llarmt‘laveﬁ\of dwn Behaviour

(fluke up; LY or SY ‘no t‘luke*up) and qruup size (1,2-4,
5-i a) © When ‘Whales ‘did:) -not raise thej.r flukes prior to "

diving, dive times vsre shorter and hance the dive time to

surface: time ratlo smaller. In the Great Island study area
the pattern of r'au;u:g was identical to that seen for the
data f;'onl_ all deep capelin lora_qi‘ng situations)combined.

There was l.non-sl’gnlﬂ.caﬁt trend toward the same pattar'n in

\nhe 'h—mlty Bay results but results from Varket Channel dxd

i
not reveal the. abgwe pltterm

’ Single whales spent less timé both at the surface and
dlvlng thln groups and vhlle at the surface thay t:ravellad .
in strul.ghter lines (‘hbla 9.2). Results from- t\m
lndividual study locations, Varkel: Channel and Great Island,

cont’ormcd to tha overnll ‘pattern lor _the pocled deép capaun

d-tl, Hhus the effects at group slza on other whale <

: varnblel in Trinity Bay dld nnc i:ontrsbm.‘e to the overall

deep capeun pqt}ern




Table 9.2

" . Deep Capelin variables slgniﬂcantl
: sizes (top row) and d
Results from one way analyses of ‘variance {ANOVA) 1ndica:e,
the overall effect of group size on Lndivié

down behaviours

Page 142

different over variods !
ottom

row).

ual .vari;

Significantly different group sizes or sxgniucantl
different groupings among levels of down behaviour elucidated

SURETIME

©0.0001

Cpsize Mean

i 1 2.28
. 3-4 2.95
5-8  3.02

* Y up
LY or SY

DIVE TIME

SICGNIFICANCE OF ANOVA

0.0001
Gpsize. Mean

1 3.82
4.11

2-4 4.64

DIVE TIME.

‘
s cROSS
o » DIRECTIONAE,
RATIO . CHANGE -
"
0.0005 0.0001 -
Gpsize Mean  Cpsize Mean:
5-8 1.58 - 1 51,8
‘2-4  1.83 .24 83.5
. i 5-8 86.6
‘1 . 206
RATIO

SIGNIFICANCE ‘OF ‘ANOVA

0.008.

0.0001

Mean

1.43

1.86
2.01

by results from maltiple cnmparison tests are illustrated by -
& space between groupings
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For all deep capelin data c&mad, \_men whales were
\.' . not foraging they spent 'significantly longer psrioés of time
= at the surlacu (£=8.92 min tor non- foraging- dives, t=2.86
.° min for foraging dives)<and ‘thies had smaller dive time to
sﬁrtac’aﬂ:im ratio; (Table 9.3). Amounts of non- t'oraglng
surface directional change were not ugmucaqny'dutorené

from khcse for foraging whales,. ‘mon-~ (oraqlnq whales turned

Tat a signiucantly slower ra:e hwavdr (’hble 9.3
(Tab!qs 4.2 and 5.2y

" from 'l‘rxnl.ty Bv \nd Great Islan:
L2 S supporvtbthl.s overa l\p-_ttarn. In Varkee—channel whales
‘{:ons&derad. to be fornging did not behave s\:ati.stically *

oy
differently from :hou eonqlderad not to be foraging (Table

e eyl . !

- All bait vnria.bles vare‘ significantly different between
t‘nrlglnq and .non- toraging..ﬂlvcs (Table 3.2). Non-foraging
dlvas cn:currad in lhal)ovar water but depths to the top of
the bait schqo), were. greater. There was mrkaly less ballt
<o prssant when whales weru cunudurad to be not foragigg
f : ho\uvcr this was an. lrufact of @rﬂqinq/nnn !nraqlng

: ,.cru:arh (scs Section 2.3). The effect of forage on bait
v’-‘rlable. -trop!/azch of the dq«pvcapunn study locations

paralleled that.

emonstrated for'pooled deep capelin data
. _(Table 3.2) 1" o

9.4 Shallow capelin v

o e - %
Only bait vhriables were significantly different among
A v

4
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the levels of group size (1, 2-3, 4; Table 9.1). -Ocean
floors were significantly deeper and bait schools more

vertically extensive when 4roup sizes were small ‘(2-3

whales) . Floors were shallower and there was less bait

present whert groups u{re comprised of single whales or 4 -
. whales. ' Although group siZe did not have a'signiPicafit-

) effec: ;m bal:: variables cémbined ‘(fr‘om'wu‘ltivari'ate
L analysis of variance) in either of the i'ndivldual shallow

: capeun study lecations, data from tha Southern Shore study |
» .area showed a‘ non- slgnificant trend similar to that seen: for’

- the pooled shallov capelin data.

Forage did not have a ‘significant overall effect on
combined bait variabl‘és from the, pooled ahallg\j_ {:apelin daEa’
I (Table 9.1) but whale variables were,highly. significantly
L\—dlfferen: between foraging and ndn-faraging_diges (Table
. 9.3). When not foraging, uhales.sﬁent longer peFiods.of
~ ' time at the sufface and thus ratios of dive time to surface
% - time were smaller. As a conse.quence of ‘londer surface times
greater amounts of directional chanqe occurred even though
non-foraging uhales turned at slo\?er races Dl[fergn&ss
% bet\:een foraging and non-foraging dives- in both, individual
shalldw capelin {or‘aglng situations 1Tabl.qs' 6.3 and 7.2)

- contributed to the effect of faraqe ip the pooled shallow

capelin data s

Bt

»
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. s CHAPTER 10. COMPARISON OF STUDY roc¥ons

ey ! : .:“‘ %
,10 IBaA: schools  + - - ]

E‘Lgure 10.1 and” Tahle 10.1 sumarize‘the prey’ school -

. characteris:lcs of each sr.udy lncnt:icn ,\Prey extent “was’

slmnar in the. :wo deep imature capeun sltuaciuns (Varket

Channel, 'h*lnity Bay) 'but schee!s of deep posc spahqunq
capenn (Graat&sland) vere Tess, extenalve. The prey school

- " water’ depr.h protne was - simllir in three ofithe sha].leu
baic situations. In' Sa.l.n: Mary s Bay_ vhen uhal\es were
»

diving rather than lung!ng into small patches of krnl and ~

K vhere there was a hlgh proportlon of non- toraglng dives,

- prey 'sénéols vere mar‘kedly less extensive in - reiauon o

vater depth g B E ot g =

0.2 Time, variabies

:' Elqure 10 2 depicts mean sur face-and’ dLve ;:unes for’
!ach sr.ucly 1oca;th for Ioraqlnq dives. : ‘Surface timas uere
lon st in C:pe Brcyle Harbour, althuugh not signlflcantly
Xonger than thosa in both krur teedxng situations in St

Mary's Bay or in che Great Island study locatioen . - L

(Studem: Newmm—,Keuls multiple comparlson tests) Dlve

# txmg uera signiﬂcantlr shnrcest in "the Sou:hern.shore. .-

ntudy area:. Dive: times in bpe Broyls Harbour x;e o

‘slqniflcantly _\onger t:hm thcse in :he Seur.hern ore ‘study

are‘a,put slgniticintly shortyr than thusa ln all. nthor study-

1ocat1cn

. Dive t;mes yere lanqes: ﬁhen balt ‘sc‘mcls vere’
deep {varket Chfmnal. 'h-ln!.ty Bny. crut Iuland) and -when




‘ »&1&‘\3&“@,@\“,\-
—_— So¥

“S“ u;\\wﬂg\n%“g\ng : Cos

e\ 0°
AR STUD_V'LOCATION )
< . . " *
~ v i s = ) < . ) iy 2
AT AT vl D pigire0 s 7 g @

Bait and ocean flaor degths tép éach study location.
7 The shaded area 'of the bar rapresﬁnts the portion of
‘the water.column occupied by prey. The open area
represents 1). water depth abpve the .prey school for .

bajt locations . ~ ﬂ?: 3 bars, ‘or ;2) vater depth’
“-below. surface pr% schools -for shallow bait locations
= last 4 -bars. e line dividin ight and dark- °
‘portions of ‘the bar identifies. 1 ean, depths to the
top.of the grex school on deep bait- locatlons or 2)
depths to whic prey !ChOOlI extend’ m, shallow bait .
1ocnclona » R . i




‘! DEPTH (m)

' .Table 10.2< L

Differences  in ‘var, Lous bait schcol character ist. lcs among

study locations.

' TRINITY BAY

“'S12E/ largest "
+ ABUNDANCE G
75 =125

VERTICAL 45
EXTENT (m) ~

_ AVAILABILITY stable over
RS obs .period’
SPECIES/ imfature
AGE CLASS capelin
TTLESS
OBILE
SIZE/ L ‘ermediate
* ABUNDAN cs 5

‘DISPERSION dlspersed patchy concentratad, dispersed pa:chy

10

' VERTICAL.' - 8 :
. EXTENT ) T w
l,EmoR'fpmé ET- T

/ AVATLABILITY decrassing

.- §PECIES) ost-spawning .
AGE, CL_AéS B cnpp g
€t

SHALLOW SCHOOLS A

nEEPsmooLs S o

GREAT ISLAND-

smallest”

VARKET G-IANNEL
. intermed }

S ¥
.45 25 -
decreasiﬁq - ' decre;sxng .
slowly rapidl
immature post-spawning
capelin i cap l

SMB KRILL

e smanes:

CAPE BROYLE Chy
v

hrgest: -

R - TR N |

\yw" Lot g0

ol i
dispersing-’
det:g:aslng, R ¥

_increasa then
decrease in
i ‘eecnan 2

pQst-spawning, krill
capelin -
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.
; - e
= 15 - .
. ) TIME MEASURE 3 %
3 surfece time S
2 B e e A
f . -

"0 . s
Tty B0y 19009 gl o8 it ng 9
L L e .“«0““?.9;:,3‘“9"‘ *fl\\*\:‘\\ goq‘“ 3 .
: . - stuviocaron VT

_ “Eigure 10.2 .

Average sur face (t ‘light section) and dive times - s
= 'g‘pugr dark.section) for the different:study locatiops: .. ; - -
< e, total height.of the bar for each study locatdion, >
% 3 represents mean unitime. ' Dive times were significantly . =
. B ‘shorter vhen vhales were féraging on shallow capelin B
* “schools (Cape Broyle Harbour, . Southern’sho'ra)' o 2 .
&% = i =
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‘whales vere—freyihg on krill. ) . o .

i The mean racios of mach divx:&m« to the preceding
N ;

= : sur face time fqr the different stidy locations are présented

¥ itn E'lgure 10.3.. Ratios were smalleést in’the ahallov batt

w7 locablons. “(but’ not siqniﬂcnm:ly smaller than t:hose for

Varket Channel and krili no -1unqinq) where ds.ve c:l.mes ‘were

: v 410.3 Directlanai varia}ales . &
The total amount ‘and rate -of ‘gpr-fa‘u_:e d;recti%nal charige

in each stidy location' is portrayea in Figire 10.4. Whales -~ - - ..

turned signlﬁcam:ly more at: the surface yhen lunging on

nkrill than when using any other t‘oraqlnq stratagy in'any ¢

ot:hsr bah: situation. DLrschonnl changvs vhen vhale* uor‘e\ :

. orag.\ng on small conqentraced post qpawnin sc}\bols (Cape.

Broyle Harboqr) were, signi antly less :han vhen chay verﬂ -

lunq.lng on, krul but. signiucam:ly greater than in nll other

acy of surface airectional -Zhange vere

' slmilar in all Wt and Ecrnglng situations except uhqre

E T i . uhalds‘vare lateraily lunging at t:he sur face o explou: o 2
A k Uswarms of krill, vhen turnj.ng ra:es uer‘ siqnsncantly . . e

qreatarj 2 . : SR S
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N\

. L o o B\'“\' ot o g\“ 9\ >y -
s ‘“fl“;lt?\ua“c,fl&-cog‘o “\.ﬂ\ “N R\ﬁ‘ .

" sTUbY LOCATION ;

)
vl
PRy Flgurexo 3

" ‘Mean -dive time to’ surlace time rltlos for ‘the varlous

study locations., Ratios. were smallest’when whale:

« were exploiting small concentrated shallow capcx.m
schools in- CIEQ Broyle Harbour and largest when -
lunqlng on Kr l in snn: Hnry s Bay.

i h
b & g '
. ,\/ Fo (£




o ' ) Paze 15

P e B oy

; f; C°E° \h“; \m“%“\\g‘\ﬁu ‘
Y 2 sflioy LOCATION . . .
ooy ‘ Figure 104 1.
# ' i & Mean total surt;ce d.\rectlonal change (lett dark. bar)

and rate of directional change (right light bar) for
« ; each study lucaticn, Both the rate and amourit of:
’\ ‘surface directional change were slqn!.ﬂcnh:ly qreat:er
. . when whales were lunqe feeding on krul .
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10.4 Categorlcul'vari\ahgs ) On X x \

E‘iqura 10.5 depicts the percentages of furaqing and

*n foraging dives at each study location. In both deep
immature capelin foraging situations (Trinity Bay, Varket .
Channel) less than 5% of all dives were classified as g ¥ B3

“ “rion-foraging.” A la_rsivr‘pr.-opc;‘t_ion of non-foraging dives (10
' . 216 %) occurred in ocher‘ study locations. - When whales were

& lunqing on krill‘ (2 July) 'no, divau were classiﬁad as- " - 7

ml:hough thera was no alqnuicnnt di(lerencg

uhglnq dl\lss from Z Ju].y lnd non-foraging dives 3 o
observed cn 126 and 28 Juna when Hhaleu were simly div&_ng
Tito patches ougun (seq Section 8.4)

The percantlge of -various group suas followed in the ‘.
dsfferent study locations. is Llluntrat;d in Figure 10.6.
T Group sizes largér ﬂun} were only observed vhcrs bait
schools were large and deep: (Trinity Bay, Varket Chamel,
> Creat Islnhé)' no groups. larger than 4 were observed when
while;»vera oxplo!.unq small shanuu tuh schools.

Fluke-upn proceded gran:e‘r r.h-n B(u of all dives vhen -
i vhnles vere: eutploitinq large deep fishséhools and vhon thay

lltarllly lunqlng on. krnl (Figur- 10.7). -The
-proportlun of aty es preceded by, ﬂuke-éps was_Jess ‘when. . - e

e whales- vere preylnq upon smll shalle‘ c‘apeurr schools or
# s.lmp{y divlng l.n!:g swarms of kr.nl 1




RCENT FREQUENCY

El

Lo

DIVE CATEGORY

“Figure 10.5

parcunt trequan of foraging and non-foraging :
dlves in each study’ location:. .When whales wvere 1un?
feeding on krill. all dives vere classlued u foraq nq
dives. The percent frequency totals 100%. f
-cudy 1ﬂ¢:atlan racher than for each ‘dive cateqory
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PERCENT FREQUENCY

e WhOES 1l groURZ ge grouPs
_'GROUP SIZES

. oA
. s'\n_g‘

Figure 10.6

\ Pertent ‘(raguency of different Tategories of group size,
/ in each study location. The percent frequency totals
100% for each study "location rather ‘than for each group
size. ' The data from Varket Channel is biased in that a
> larger proportion of single whales were followed. No *
single whales or large groups were followed in Cape

¥ ’—oy]sv Harbour although’these group sizes did occur.

-
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100 ¥
STUDY LOCATION |
- > XN Villy Say
.80+
60
40
20

fluke—ups

YO STig flukeP
“DOWN BEHAVIOURS

Figure 10.7

The percent frequency of various down behaviours in
each study location. Fluke-ups preceded 2 80% of all
dives when whales vere explox:lnT large deep'fish =~ *

schools and vhen lunging onfkril

Few fluke-ups vere

observed when whales were fo ~aging on shallow.bait
3 a i

schools.




" Average group sizes and total whale populations from
' census counts and an estimated rank of bait ;bundance for
each study location are pruestod in :n.ble.lo.L :Group
sizes from census counts in _eath study location were .
-significantly correlated vith bait abundance but not with
mean total whale population. Table 10.2 also depicts e
nlze-s of folloped qrn\:lp;'nl foraging -n& non-foraging whales
in each study‘ location. “Te size of these groups 1is not,

rabregehtacive sample of 'all 'grohp sizes #resent 'Xn the "X
population . as \ﬁalc'qroqpa followed were not Ehosér; Enndomly
‘(see Section 2.3), but they do reflect the different sizes
" of 'éﬁruqlnq' and non-fo‘)-ag!nq g‘-roups.‘ ) ?oragt_ng groups were

locations and in deep bait locations (p<.OS5) but were not
significantly différent in shallow bait locations.

significantly la¥ger than non- foraging groups over all study
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Table 10.2
The avsrage total hu.mpback vhale Population, qroup

and -an -estimated rank'of bait abundance ‘(calculated evar
the -entire study perifod) -for each study. locahion.f?
Spearman | rank correlation coefficient between tot:

- ; Gensul ‘group 5128
o B ‘The Pearson. .ce
E -.s1izé and . tota

Popi o
werse \signlticam:ly lar ;er .tha
H study, locations and

atlon: was

in'de

- populatloﬁ and rank ‘of ‘abunddnce ‘was.0,314. én 8) b becveon
ait  abundance (p<,
‘coefficient b

was O Q1)
91‘
ing qrnu
an - £ ragxng g:uugs aveér. all
1oc ations hut vere

STUDY nmx.df mm' . MEAN
LOCATION -BAIT  GROUP POPULA'HON R GROUP
ANCE SIZE RANGE) i SIZE fize
SUS) N
% g e ¥ .
p Trinity 1 U218 21.4(34,-30) ¢ 3.07 2.56"
. Bay . o e, a .
Varket 2 " 1.94 . 6.0(3 -8.3) 1:64 143
Channel 2 L . .
Great 3 ©1.87  '6.3(5.3-%7)
e .~ TIsland . - %
. Ca{o 4 1190 ¢ . 4.0 (2 - 5)
Broyle Hg g e
; . - %
Witless - S 1,43 5.9/ (3 - 8):
,and Mobile . SN . < p
94 (a:12)0 123 1.0

lgép ‘ba!
< "~ not s Fniﬁi?n:ly li\f‘f;;'ent g Tlow baic wcat lons only

Sg.Mary's’. 6 -3.33 -
Bay - : .




The results of this study showed chat humpbagk whales
vary. thelr foraging behaviour ln responss to-4i terem: prey
situations. , That response vul‘be diséysséd within: the

. broad conceptual rramework of eptimal (craging chemvy "
Feeding time for Humpback whales is limited: :

chsllned as enarqy mxim!zaru (Sch qner\lg 1‘ Hixen 1982)

mxlmlzlnq energy intake pe}‘ unit tlma spen: faedl.ng The hd

po:an -l raquzrement to maximize enarqy tnt-ke ulchln t:ha

‘teeding season should Lnﬂuunce all aapeccs of t:heu— :
!arnqh{q o:oleqy, rrnm dxstribu:iun and groyp structure ‘in ‘
1. (aadlnq nreln t:c ﬁnic- of, 'ar‘ utr‘cegiu for exploiting,

prey lchoola e

‘l'heﬂ'lau dt op:lul foraging do provlde a uaeful
E cuncvptull framework for clomparing and qunuuuvaly s
‘ px-m;nlnq vhale lornglnq blhl\llelh’,_ however, such an
i npprolch_‘ may be in.error. i‘nod my be abundant enough for ¢
i » humpback.vhales that .f.hay are not ltrt;nqu constrained to be’
! energy maximizers or to! la‘ﬁb;' “optimally”. ‘Although it is’
assuzed throughout this discussion that the criterion

s =" huqaback vha'es are apunlzlnq is energy intake per nxi:
(orlqlnq “time, the.need to- opnnlzu may not lubatunkln\y\

) ny .. shspe :toraging behaviour. = . " *

w 5, . e . 3 . \a

§ o . P P '

L i ' & N Lo -
I ¢ . ) ) ) .
[ N | " P
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nt. from the Lhal,s" poim: ‘of

vhat bru: charact:erlstics may Lhtluence choice of

prey and patch (prey school)«in humpback whales of{

Nevﬂaundland. The. seccnd section dis:usses how prey

! characterlstics determine vhale: distribution, length of’ stay
Ln“qedmg areas, and group slzes. The third section
considers how humpback vhales may' find prey scheols and what
may’ be r.he best stratsﬁles fgr exploiting dxfferen: prey

i cnnfig'urations. ‘The ahl.‘lty. to predict whala behavd.our from |

bﬁi‘: characceriscics is dlscussed in the final section.

= o Ty . -
[ Ll . o .

B D N
. & ] '
11.1:1 Bait schools’

foo? rasn‘urces_exploited by‘hu_np:ack whales in the
C ‘;Nu;:hues: Atlantic are patchy in distribucion. Prey schools
or parche“cccur in highly localized areas with vast
J.ntervaninq stretches of ocean devo}.d\n! suitable schools of
pray.’ According to. optimal (rnqinq t:h!oryk animals should
* r'eupond 0 various parameters ol patchily. dntr!bu_tﬂ prey..
These include: 1) patch quality or profitability, 2)° 4
distribution of patches .(1n:9r-putchldlacance). 3) the
numbcr}ot different patéh types (or prey types) available
. ln;i the relative profitsbilities of u‘:h type and A)Ithe

average oyerall ra

of energy return for a particutar
: -

¢ habitat conpoud of
al. 1977 xr.B- 197

{plvan ‘resource dist[ibution“tPyke et *
¥ ;
Morse 1980) - it

-+ w o ,

.




s parmterl that optlnal!.y furaq:.nq uhnes should respond; to.

.or value of each factor in tl

:udy snplad only scm _of the possl.hle resource

sé 1ncluda prey ;bundant:Q I:ypa and- age :lass duration.
of: pruy -v:ilabulty. and prey- schonl size; depth, vertical
,gxtent and degree of disperslon Ralati\m yrery lb\lndam:a 2

'vas esnmaud (rem both size and dispersion of prey school;

(Pray schoul dansitles as detarnlnod fron sounder prl-ncaut:
'sidered in the nat of bait

vere fot

sinc‘e many 'v:ﬂ.ablas such ‘as sounder gain level, target

- utrangth and orientation and distance to target (D.Miller
3
‘pgrs comm.) can affect prxntout quality.) Table 10.1.

;utllngg ‘the'bait factors that were sampled and the nature "
o different study locations.’

. In this study, (ll in most fleld l*lll of foraging)

prsy school plramtsrs thut_ﬁ:rnging Whales probably respond
to are confounded. Thus Table 10.1 does not ‘Consist of
mutually exclusive *Qtagorlss Prey species and age class
preblbly cetsr-lno most otl" school plrmter: (e.g. size,
stability, ﬂllp.l’llon d.pch) .I.n addition to themselves

inf! of prey behav T 1 :u vhales

(e.g. th- ruction of the school to a vhale fndlm; dxvn)
Although some” parameters such as school size, specles

composition and d_.l-trlbul:lun could be r onably and

comparatively (across study sites) estimated, none vas
pr-clwy measured. ¢ ) \




/ school parameters

# 11.1.2 Prey _choice in"humpback whales.

_ablelv

was ‘cheorecs.cany a different hah: tuatlon [In Varket:
Channel and Trinity §_ay, the t:u st similar areas, and 1n g
- which vhala feading behaviour.was superﬂclally the same,
‘prey school and ocean floor depths were sxqmﬂcancly v
dlfferent (Tdhle 3. 1) and. the horizontal-area cwered by :
schools in’ 'h‘inlty Bay vas usually graater than in Varke!:
‘Ghannel (Figures 32, a 2) 'Balt variation across areas
3 faciutates ccrrela\an betueen duferances in vhale
'foragin\q behaviour and prey school characteristics: ""

As energy maximizer's ﬁumpback ‘Wwhales should choose a
prey type that maxlmlzes enérgy return per unu: (ornglnq L
time, Compnratlve energy value at different prey types is.
only one ‘component of prey choice that gontributes to the = -
maxfmlzéilan of energy return.: All other_ things being Pqual'
(e.g. search and handling :?.ma (Pyke et al. ..1977),

nutrient valués' (Pulliam 1975)), predators should prefer the
- energ ticAlly richest type of prey. Corparative energy and »
fat content of the various prey upccin exploited by

Northwest Atlantic hu&upb ck whales lrj given in T-ble 11.1. _"’_—
Based on eqergy vnlue al ‘ne, humpback.

mackerel (Tab.e 11.1), yet the primary prey spacies of c!}o ‘)
Newfoundland feeding. stock of humpback whales is capelin.

whales should pra !:r

Krill ranks a distant second behind capelin l.n importance
(Mitchell 1973). Factors other than the energy value of the
W N

L. - ~
& apeags ol




4
S rative anargy valua and fat qom:ant: of p“¥ specles |
,utilized by humpback whales off Newfoundland 'alues. for. ',
“herring from Adama-(1975) are based on.cleaned fish and,
coult be overestimates, values for krill ( spp Yo
om - Lackyer (1976% -all other values are from.
Mon:evscchl et al Erergy-values are for wet’ T
. welight. :Immature an adu € capel n have similar ener and .-
lipld content exc gt for .ovid females which are: sught Voo,
hlgher (Mantevaccﬁ and Platt: 1953)

seectEs : 'KJ/q

e v.
Mackerel x - 103
Sand. lance S 7.3 )
- - 2 Capelin L e s 42
' Squid " - a3
Krill ¢ 4.6
- Herring - 9.2 ¥ s
y, # X - .

. /




«They should thus

»costs of foraginq and thus maxlmlze net energy returnA &

11 1 3 Pat:ch cha cé in humpback whales - P Y-

»
As it isTnet . energy return that is crltlcal preda\:urs

shoutd striye to Keep: the enel:get:ly.“ costs of foragmgv low,

‘\fmize f:ime spent, and :};erefor;»enargy
used in searching for and handlj.ng (sbgdumg, killing,’ %
consuming) a prey item. Since humpbacks swallow mouthfuls ¥

# multiple _prey-.items. from patches or schoels of prey, chey

. shbuld;choosp patchék (pray schools) . that enable them to

min!.mlze handling costs ‘and" to maximize net energy intake. ;
The prcntab_ﬂl:y c( a given, patch type, ls usually measured‘
by ‘tha. en‘argy return per 'unu: tima'spént foraging (handling:
time) J.n tha patch. (Krebs 1978) Eor ‘humpback whales
handhng tmu could be vieued as the “energy ‘used \per unlt

§ weight of food swallowed, since humphacks do ‘not heed to

subdue <‘>r' kill pr‘ey._ Various charac;eriscics of .prey

gy schools would nttece handling,time thus determining patch

prptiltahillty and influencing PAtch choice. After a brief

.r.heofac#n introduction, further.discussion will focus on

Jquafrative aspects &;_ey schools that might enable .

hu'mpbuik whales to minimhize the energetic costs of foraging.
pes L ] L
e ) N
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% prior knmdodg. of the axistenca and location ot good and
I poor patches (Pyke-et al. "1977).° Studies showed ‘that -

soflines <2 an[mls terided to avolid searching-for-'patches in areas ¢

alrendy searchad and concentrated search aﬂ’orc in arﬁas i

t'ound through previous experlencs o be proﬂtableu{Pyke et
" ; al. 1977).. Hork has thua fm:used on optimal strateglss for

‘allocating time. and effort to an array of patches of

d{ ffering quauty and: on how changes -in patch quality cver

r.ime affect bahavloural opumi ‘,’ ..

This emphuu has resulcedlin pradlct&ons of
thaoreucully opcimum strategies for dauuhg with patchlly
- = distributed" rgsaurcel. Two predictions that pertain to th_is' ,
study are: 1) animals shoyld . concentrate foraging effort- in
‘the most profitable pltchea and ‘spend sucessively less tingn___‘
in less prolit:lblo pntc?- (Krebl 1978), and 2) anlmals i
tch when the}r rate of energy ,gtum from -

- = * " 'should leave

‘e .

thq plteh drupl to the average ®ate of return for the local

habitat (Charnov 1976): °.

ol [ _(-

Some observations. that ‘do not. fit the predicted n)::t‘l.nl

have emerged from the

studies. R_lthor than spend all of

1 z their .time in the most profitable patches, animals ullocl:;d
time to llwpunq sub- opl:im) pn!:chb*(luch and Smith .1981).
L .Thit‘vould enable predators to track habitat quality and o \
might be especially important in ‘unpredictable environments
= vhere habitat quality varied with time. :'If this occurs the
) { onl; way to maximizé energy return is to monitor ':hn change

in quality, so that 'lorqun'g effort is.continuously (over i )



v term fcraging optmum (Pyke et: al 1 77) v R
¢ . EE :

11 1 4 Prey school charac:eriscics 1mportanc to vhales *

. I N E.r_ex hghumu:
o R ® 7 pry S determlne their antlpredatcr behaviour whlch i burn

Spec.\es and age class of séhoals ot -

Lnfl\.\ences r.he prontubuxty, and hence chuice of such

schools to;’ humpback vhales.’ Antlpredatur behadour

lncludes predator detection, evaaive tactics and’ tha speed

of ascape nf prey The presance nd degree uf dQvalopmom:

g '_ v _ct antipredator behnviaur 1n the!.r prey and the abun-_y ) B .

- whales to counter thes tactlcs my detarmlne whet:her a t

given prey type is explon:ed, o

o s ) ! Schocllng J.:salt has baen vlewad as. an'ant.\pred:cor
) . device reduc!.nq tha Probnbiucy ol detection by predltoru 2
~ (Cushlng and Hurdsn -Jones 1968, Haml.lcon 1971; Treisman
¥ - 1975) JIt is unnks).y, howevar that this is an impcrtant wg 4 .l
fum:clon of f.luh ,8chools, as most uchoclxﬂmy ba cuntlnuallyf ) v

PR PR within the r-nqa of predator aRection’ (Pu:cher and
i . Plrtrsdga 1979, Plcchcr et al. ' 1979; Pitcher 1980;

P-rtrldgu 1933) Nhnln tor joxample’ slect nchcolad prey.

are probubly qulr.e otncxo t da:ecunq uu vhqrnbou\:l

y and are cnpnhlo of extlnuvu .xplo:.n:ion onc- qchonll lrc :

found . s- ection has thus ruulu‘d An ‘the Wnlutlun of . by >
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spuc -or explode cem:rifugaux and form ,arcsr dlsrupt:ion 474

v (Pltcher 1979, I'QEZ) S::EooIea .capenn spl[t and scaccer at s

3 the. point where a diver passes thraugh :hem (G ‘Martel; pars p

co ) and foraqlng whales have been reported ée produca Hi
[this effect (Wathns and Schevln 1979).. ' Evidence that

e humpbacks elicit this respunse in balt schnols was prcvxded

by -traces of Prey. schools spli;ting ‘as vhilas ‘dove.intd them .

(Figure A1, 1)’ (see also Wh tehe d 1981) Krul p\"cbably

- have a ‘less supmsticaced set of, antipredacor behavxour than o '3”

5 fish species explalead by humpback Wi ales,r (,Mauchline and,.
LEishar 1969) repcrt tha!: )(r!.l’l avoid’ rapidly towed
collecting devices, more strongly than i{f they are collecced

u!,avly4 The speed of escape of prey is thus a compopent of

-antipredator behaviour. ~ * -

Evasive nanceuvres by prey ahead of fnfagxﬁg s{hales b
would atfectlvely dscrease the densh.y of the school’ and
raduce the: energy return S’ar taedlng dlve As nntipx‘ed;:torv
tncticu ot prey und capture tcchniq‘ues of predntors % :

) 2 I co—uvolvc, vhlleu could be expectqd to huvc uvolved teedlng i

J utrlteqln to'deal with evasive‘behaviour. Some of"these

T . my lncludu the vnrlou- bubbla leedinq technlquas.lth-t : o

pnlivny cancentrlto prsy and thun preempt evasive -

rncuonl of proy td‘ penav:uuon by ‘whales (Jurnmlnd
Jurn: 1979( Hun ot Il 1982) or cwptrlnvn h.dinq nnd

hnrdlnu.l o H.n¥ whlhn -ppronchlnq a proy lchoql v
. , . ‘ , N ‘
. : " ’
; T v '
i , . pe ; 5
L T . N N
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Depth sounder prlntouts of humpback: whales en:ermg
pre schools. ~ Ascending or descending -whales are

eg cted by diagonal trace lines.
e

rwise continuous traces of.
disruption-of the, school by whi
0-60 fathoms -(0-109.7 m

gray may indlcat

Gaps or dips®in

e local

scale is

the sur face, 60-120 fathoms _(109.7

. »sactions depicting the ocean- no or:

for trace gacc on;l deplctlng
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v y P’aqels?,—‘

together in a row may o[fseé tendenciés of the school to

" split at one: p:?_(vhich m\my schools tend to do" (Pitcher.

1579)).. mils s
that synchy

ilar «to Norris and Dohl's (1950) view b #

diving. in od etes and ‘may -

“function as a strategy. of ‘food capture by confusing schooled

prey‘ and thus s\iu\"t circuiting antipredator escape EaFt
manoeuvres. As many of the schée‘l.s exploited 'i:y‘ whales in

this study were [beyond the limit of 1light penetration i

non-visual stimjli would be required. for detection of both

_predators and prley. As a whale advances ‘toward a prey ~

school and suddénly cpan’s' its mouth a powerful inertial
stream of water and prey wofid fill the buc"cal cavity 4
"(Pivorunas 1§79) 5o évasive tactics may need to precede this

point of contact. v oy T <
: v

3
Selective use of deeppcapelin scho#ls’in Trinity Bay in

spite of the presencé of squid Schools may be partly related
to r.api‘d egape manoeuvres by Squid®s they are one of the
fastest moving)f marine creatures with burst apeads of .up
to ’55 km/h - (Norris and Mohl 1983). Humpback whales are only
occasional predators of squid off Newfoundland yet squxd are

periodically q_ulce‘abundar;t and ‘are extensively exploited by
pilot whales (Sergeant 1962). Humpbdcks rarely take -
mackerel which are also available off Newfoundland, probably '’ .

due to the speed at which shoals z':i‘ mackerel travel.* - P
- " .
3 .
Prey achool ty:' The size or welqht of Lndlvldunl‘ prow
prey M‘.em is.a vital corollary to r*eir ralutlv- energy ' 3
values to prednturl that take one prey item n\: a tlmu As
(

humpbacks are bulk feeders, gulping multiple prey u:cuu
i ]



2

ur.htul or per unl.t
than energy value per - -

(1976) constdered krill densities bf 500 g/m to e vel

below the mr;tm- required for efuclcnt feeding. but tha}\ L2
one hour of feedlnq on krill densitlor of 2"kg/m (dunsir.:.n
in which whales have ba--rcported to fedd, ‘(Mackintosh in ’

5 n

Lockyer 1976) would be sufficient to meet daily energy'
. _ P \
- 4 . Y 4

ret‘;us\remer!ts of fin whales. o

Little information is readily available on comparative

“densitles of different prey species. Zafgrman (1972) i
o B measured ‘the density of offshore post-spawning capelin  ‘wy!
: " schools in the Bering Sea using undervate?. atereoscopic
photogr:phn. Average school- density was 15A7-({uh/|'n vu::.':
range of 9.0 - 18.0 t.l.l)!/w . Using an estimate, of 25.0 g .
for the weight of single’capelin (J.Platt, D.Miller mrE\,\
" cbmm;) -this ylc’ldl an ‘average -Amtgy density of 225.0 -
457.5 q/m . - Depth lounﬂar tracu have been used to measure
the volume nd hence energy densu:y of clpoun schools off
the east co t of. thl Avalon Peninsula (J. Pl.u:: ynpub. 7 .
dltl) u“ng the formula : volume = 3.14 h v/4 (h—vsrtléll
, extent of tl.nh -chnnl. w=width ot schaol at nrouing Roxnt
K - Eo/el nnd Naaken 1972) v : o N

R
-




. tend :o avarnga qa;a lr(d d.gas nnd
" actually’ occiipted by. uuh..

_tound cyclica

... Volume and hea

X directly

“markedly:. if fish are frightened by fishing gear or dre

svlming dr tastdr speeds t.héy p.!:k‘mbre denn})i Pitcher

:1979 1950, Htcher and Partr!dqe 19‘19) These authors

olype’ ot up to 100% (sox/msn)
dansity m‘buuursmnts could be orders qf -

i :m;gn-itqdqidlitbraht Iron thnle ax‘porienced by vhlles In .
"‘adcﬁ'ﬂo

‘sh schoal shepau closaly ppprnx,tmat:u an oblite
aphere (Partridge et’ nl 1'180)

the fur&ula used by gcrbes a;;d Nnkken _(;9”2) agsuries ",
B
Much progrens nheds Lo b’mldﬂ"betere school danntlea

spharold rather’ thnn

and vhule rsq\u.r ants .can ‘be reulh).y es:lmntd Lockyer
(1976) uséd a bhs 1 swlming spead of 5T(m/h :o calcul-ta
dally and ulaonu .energy requxremcnts (and henca muu'bum
required prey school depgiuag) tor krlu eal:l g fin uhned
but the qnergetics of humpbncp Jfeeding on é-pelln are not *
tampurubla In 'nddulon humpbnck) posqen 4

variety of behnviourul‘mechnnums ifor conccntratlnq pmy
{rufn w\‘é dhparied sources (See Chapter 1) . Whales did -

pre(ar the conc.ntrlced uchnols to the duperud uurlaca

schpols of post Bpawning clpoll-n in Witless a.y ‘Moblile Bay |

;and Cape Broyle Harbour (see below), however, the denapr "

léhooll vere: alun larger. ap B s L]

'.Khe vwlume of dchcnls can chqnga
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Changes ih patch profitability and habitat quality can

“oecur .due’to depletion and.subsequent reneval of ‘resource ‘l\‘
patches (Zach and Ealls 1976a). Repeated feeding passes of
humpback whales may disrupt densesgohesive prey schogls s .*
causing a decrease in i>atéh. quality with an increase in
whale foraging €ime: How qulckly' schools of a given type
ot 5 ¥ recover from disruption vould influence. thal.r proﬂ:abllicy
o ? ’\as well as theé quality of a habitat composed qf schonls of

s ‘that ty-pe. vt : s et
3 .9 - \
SV B ' on'8 July in Nobile Bay. humpback whales were exploiting
iy . two small concencrated par.ches of capenn, foraging ‘on.one g O e

for less than®1.0 h and then travellingdirettly to the ..

nther (Sectien 6.3). ,This suggests thar. d&srupticn may

< occur rathar quickly decreasing pacch profitabllity and /, e
prcmpting the whales to move'to the alternate patch. It uas-

apparent the uhales Gould: r‘e,membe)’ vhere the -resource

patches were but not so apparent/‘f:hat they could assess
. reneval time. After foraglng on -the dense schoo;s humpbacks .

. 'started to ekploit the small scattered surface capelin

schoals. -This may bé a réflection of ‘a sloyw tate of reneual ; i 1
(re}fng) of .the concen:rated schools, t‘orclng .the  whales e
" " to ex;hoic the le§s proﬂcahle smaller dispersed patches’ n{ - '
‘prey. '.l'he vhales seempd praferentially t:o use the 1arger !
schon).s befqre the dispersed\schucls * Zach and Falls
(1976b) found ‘that. overbirds (Saiurus aur_o_cmmus) learned L
. the distributlon of patch densi.ties, ccncentrating Gm‘aging ]

efforl: in ‘and returning to good pat:ches but: nonetheless. . e _',

samp!.inq lcuer densh:y patches, slmuar to the ‘way whalgs
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© , seemed to do here.
«~ In Cape Broyle Harbour also, whales usually left the
\prey school near-Shipwreck Point after 0.5 - 2.0 h of

tor’aging'(‘.hne,_e possibly as a result of a decrease in

. profitability due to a decrease in.density from continued .

" exploitation. “Whales foraged on the smaller less dense
scattered surfac’e'schoals on only two of four \déys, ,.
suggesting that these small schools were of margsnu\
proﬂt:\bxlity, s!nce on® the ot}ﬁrﬁt\m days Ahales rest:ed

T ignoring the small schoals.’ In Mobile Bay whales ceased

: expleiting small scattered. schonls ar;d ‘rested bafure

Feturhing to the ‘dense patches, $0 suggesting marginal

prnﬂtabs.ucy of these schocls in comparisen to’ dense ones. v
© . Rest periods could also simply be a reflectlcn of the need
for rest or could’ represen: a dig_est;ve pause. -It should be
. noted, ‘however, th:a: only one such pause/rést was observed
_when’ brgy schools were’large gnou‘ghl to permit continued
= ’ foraging (Sec:isn 3.3, ;113).' Dav‘”s a\_1d~‘HarrLson,(19B“1) . N
also fo\;nd that Qina1és rested while uauj.né, for 'schools to )
; reqener“ate ‘th.‘a‘t.: Frestln‘g tlme increaséd with previous s .
explnltacion time and tha: .lengths of stay in prey schools \ . .
wera greater atter longer rest periods % D

. Onthe short farm, deplétion of pre;, abundance within

the- dense coﬁcentratibns ‘ot' capelin'invl;iol;lle Bay and Cape

Br‘oyle Harbeur did noc seetn to, .be a. factor prompting uhales i

Y to leave the schools over lt:hwse days of observation & . :
L explnlcat.lon 'of these schools vas repeated and concinuous . R

and schoals were stul present after this tlme
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%, - Brey school size. Larger prey schools enable whales to | -
minimize the costs of foraging in a number of ways. e
" Resources are more abundant in .l'arge'r patches;' whales could : s %
= - forage for a lunger period- of time in each patch before | K

deplet:lng 1 o Longﬂ'_ﬂ:_raglng times per patch, mean that

Y . foraginq costs in terms'of searching for and travellng to
’ fiew patches are léss. Larger schools may be, less t
susceptible to cumplete dlsruptlcn from repeated t'eeding <

‘ passes of whales. ‘I‘his would also extend foraging time as

whales " could continue to forage on adaquate denslties by
moving tc new areas “Within the pafch rither than having to- 4.4
leave and find hew patches or ua.u: for thk current &chool to

regroup ‘(as uhales 1n Mobile Bay and Cape Broyle Harbour

seemed to do). Eqr bulk feeding cetaceans like humpbacks
7

there prob'éi)ly exists a m;nimum school size below which
exploitatior is not profitable. ' R

Whales had the most obvious-choice between different | o

sized prey schools off Great’ Island where both large deep *

and small shallow post spawning capelin schools vere present
(see Figure 5.2). Humpbacks used the large deep schools
excebt on one occaﬁion when a pair of whales left a deep

school to forage on the sm;,n surface schools. . In Trintty

Bay smdll schoels of squid were re\.\tinely present above ‘the .
large deep meature capelin schools - 8quid schools, uere % @ :

ignured excepc in one instance. Here however, prey species

Ja (and thus ahtipredacor tactics) may have strongly .lnflusnced Bow
patch’ choice and was contounde‘a with school size: :

o
Prefersm:ial dse af larl;er (mors concen:rﬁted) 'schools ove
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smaller (more dispersed) schools in Witless Bay, Mobile Ba‘{.

nd Cape Broyle Harbcur (see, previous) was very likely also

a function of school size, as‘was the exodus of whales from
- Capa Broyle Harbour as the prey concen:ranon déspersed;

Brey. ab_und.am;g The role of food abuhdance in .
datermnm} humpback whal‘es salecuon of capelin as their °
primary prey species has two aspects + First, provldmg they
aré’profitable, anima_‘ls shnuld explult abundanc pat:ch types
more frequently as t:hey- \%quld encounter\them more often.

! The ‘Neéwtourid1and, feeding: s:ack of Nor:huesc Atlantic -
‘humpbacgk’ whales probably, have a reasunably high encounter
rate with capelin schocls as capqlin is the must 1mportant

-‘and abundant forage specj.as of :he reqion (Carscadden 1983a,
1983b) - In addition” (sea Seccion 11.3. 1) Northwest Atlantic g

humpback whales travel- alonq routes where they are likely to

trequem:ly encounr.er capelin s::hnols, (e‘g. \.The Grand
Bahks, inshore Neufoundland) " ‘ v' v

Second this selectlon has occurred over ‘an o 5

evulutionary time scale. - ‘Baleen u‘hales have evolved to

explcit, and 'hence currem:ly requi.ve lncally super-abundant

resourcss. Tha very. character.lst:scs O

capeun (u:s local)' i

"superabundanc :he‘ fermatlon of lurqe devse schools)‘ make

It the ideal prey clioce for humpback vinbles.' Disrptions

*in ths avanabiuty ‘of t;heir usually superabundant prey,
however, ’may lntluenceA prey chelce in humphackmj The :
dncreass -in ‘the abundance of capel.in on t:he Sou:he;st Shcal
of the Grand Banks promptgd mny ﬁumpbucks to choose

ulternate prey (snshore cupenn stoclss) durlng the years o£
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this study (1979 - 1981) ~(Whitehead 1981).

mmmmmimmm‘ummsmw -

. * The correlation of aggregations of various species of
baleen whales with concentrations of their prey has been

. well documented (see Nemoto 1959 1963), Lstarlcally, tha

: ' distribution.of humpback uhales around the coast of o R Y
£ Newfoundland parallels s dlstrlbutlcn of capeun both -
spatially and temporally (Mitchell " 1974 Nhltehead‘ et al.‘

@ 1980) This study relates 16eal ‘levels of whale abunda\-\ce

with local levels of prey abundance, vhales were mo?s . 5

. numerous whers prey was’ more abundant (Tabls 10:2) . The "

‘) ~rank. estimate of prey abundance 1s an over- smpu,ncatmn .

o based on a subjeccivs avaluation of the relatlve amounts of '

=) v prey in. each study lncation . Thus, a,lthough the trend o, ¢ ‘- 5 -

'larger locafwhale populatlons wi,th increasing balt . .

abundance did-oceur, the correlatlon coefficiem: was not

slgnlficant S o ,' e . gE

wWp WG .. InVarket Channel the daily local whale populatlon was: |

s T signiflcantly correlated with' prey ‘abundanc dlcate;l Pl F

by the _rank of daily prey. school 'size: (Sectlon 3.2). (Tiust

1ndlcatlon would be valld as virtually all resnurces here -

s Vere con:ained uithln one large and one smaller flsh : Y

schm:l ) In Cape Brcyle Harbour r.he 1ocal uhnle populatlon e

¥ = cspelln dlspersed (Table 7. 1) A changa in resource
dlstrlbueion (frum one ,larqe sctiool to many small schcols) U .:, 5

Fy e was the more doml nt t'eat:ure ot “bait chnnge (rathnr than an,
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overall decrease_ in prey abundance), making the habitat less
profitabla' to the whales and perhaps prompting them to leave <

. the: area. . ) s

‘Results from Varket Channel and' Cape’ Broyle Harbnur

demcnstrate that humphack wha)es monitor habn:at
proﬁtabili:l.es nn a daily hasis This was not evident *
however in the Great: Island study, ares‘ Lacal ‘whale
populations decreased only slightly in rssponse to. a-marked '
decline in the vsrtical extem: and area .of* fishfschauls on’
depth soéunder printouts (Table 5, 1 Figura 5.5). There ar@
‘two- possible reasons for this. The dls:ributicn cf humpbaek .
whales arcund Newfoundland shifts north as the summer.
pragresses (Whit:ehead et al. 1982) Whales migraunq north
from' Placantsa Bay and sty Mary s Bay could be passlng t:his

. ssctinn cf the .goast- at approximately this date and. could "

account for.a stable visible papulatlon over the course of a -

week of" observati.cn_ in spite.of changes .in .our positicn and.
the uppare'nt decreiase’ in prey. ' In addxtien ven:ical excenc
:of schno)s en the depth sounder is unly One measure of balt
abundance; there may have' been enqugh bai.t spread Sver a. !

wider. area to malm:ain ths local whale popu].at:ion at che ;
R

tever reccrded e \“H(/ » e i
The' sharp influx a se&u nt decline of the local’: " )

vhnlo populatien in the head of St. Mary s Bay' (Table 8. 1)

may have been dua ga rising and falung prey avauabiney
)4

nmumun raschiif an. c: the commonest euphausuds .m

Lnuhore Nevteundlandx l (R.lchard 1965) typ.\ca!lﬁgrms
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3 (Mauchline and Fisher 1969; Mauchline 1980). Migration ‘to
the surface to'breed in late June or early July (Lindley =~ -
1980) may result in an increase in the size and-density of
_ swarms_which could be temporarily’ \quitd profitable for -

' vhal\)es Alternatively, swarms may hava boen present before .
- . o and ﬂ(ter th. influx ‘of humbﬂck

"\ e vhales may nave 7 n:

entereql the area aiwply as a ::ontlnuatle of thalr nurthnrd

may” havs explcu:ed kriu svarms because they were there and ..

e 0 prngressian up inca st Mary s Bay saar:\hmq for. fuod they

theh Tett the aréa £o }:onnnue migrating ofen. '_ $ _' o B

N No: nnl.y did numbers of hunpbncka pnrallel hnbitat:

. profitabluty but locul whnle aggregatlons tracksd movemencs» .

» ) ,of bax: uithln the =tudy araaa. Thls was most evldent .Ln . % '

_Jhlnxty Bay where ‘fish schools. and whale concentrations G k3

s e ) moved Ln taridem 'extensivaly thrqughout the head ot‘ the bay "
: durlng the study period (Flg'ure

) NI £ 2 vhalqa e)ep}ogtod . c
these prey schools continlously night and day (\;hich ig . = £

llkel);) they would obvlnusly be axpacted to mva u.l:h the .7 g
ErT sch;nlé_. Iridividual whales or groups that left prey schuols . P
: to ‘rest ~(=u Goqdqu- 1982) would prob:bly have 11ttla 3

5 . e . difficulty finding them again due to thalr préximtty and the

sounds ‘of other Yoraging humpbnck uhaieés’ (Chabot 1984) .

L wln % & on a s::le of. day ind hours it wam‘t\that‘ . e

& W B i humpback whlles could remember, where’ pravlouuly exploitad k v

R ’ ' and profi:nble ‘pray !chools weré lvcltcd whales left ‘and

v . hcar rsturnud direct:ly to sthoola in Mcbl.la Bay lnd Clpe

Broyle Harbcur. ‘Whales were alsa observed to :ravql back \
Mor and forth batvsen two. schools in' Varket Chnnnal and Mobua = & e
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2% Bay. This is entirely consistent with da:a/ from many other

specles demonstratinq r.he ability to ramermber the location

” T of profitable food sources (sed Pyke et al. 1977; Morse s
1980; -Zach and Smith 1961), ¢ .
i - s .

. AT Lengéhs ‘af stay. in feeding are7 o )

ARepeated slgh:lnqs of’ very distl tive individuals iﬁ a .
d study lncatien Aperitted a rough estimate of ‘how long uhales §

might rem; 1n in different féeding areas,. It vas found that

individualvwhales remained lungest Ln area here food was
. mos: abundam: Rasidence ;imes ranged from a maximum of two
weeks .in Trinity Bay, 8 ‘days 1n Varket Channel, 5 days off

L4 Greacv Island: to only 2 - 4 days'in the small’ bays of Jthe

ea‘stern Avalon- (Sections 3.3, a. 3, 5 3, 6.3, 7
Trl.nu:y B

ndividual whales- may haye in fact: rsmalned ! R
lqnger than t@observed maximum resightmg in:ervax of two ’

uaeks as prqg schoals uere present, in this 1pcat1cn fur two

a -8 months. ~ In cthar lacations 1ndiv1dual resxdence tlmes were

only sliqhtly shorter” than the durah.ion of time any humpback

— . ‘. vhales continued to axplolt rey in t‘he area: . . - "5

- X Studies have shovn thi an.\ma.ls are ahle o assess .

changlnq patch prcﬂcabili es; 19 when it is ho longer

w ’prouc:bla to forage’ &n a» atchr . (See Section 11’.»1.‘3., 'Krebs
' 1974; Charnov 19 \
S . a mschanism n! assesslng when to leave a/h\xﬂ_at cdncaminq,

3 Krebs 1975)
1 patch!.ly dixtrlbu:ed pray ! ResLdenae tines An-a feed{ng : o

B . i

nraL depend on chs pradator s abiuty to assess t:he .' . [

- prol‘lcabnlty ot the- current habir.at and on knowledge and e




expectations of profitability in other habitats. Feeding
stock 'divisions demonstrate that Nor'thwest Atlantic. h\:lmpback ’
uhales return to the part of the ocean r.hey fad in during
the previous sumer (Katcna et al. 1983) so it'is not
extreme to hypcthasize that ‘they may remember separate
feeding ldcations .(habitats) within their feedinq stock
area. Whitehead et al.- (1982)( cite: evidence that a £ev
individual Kumpbacks retdrned to the samd section’ of
coastline ‘in\two succqssive years, Memory of- feeding areas
may provide uh\ales with alternatives by which to assess
their mrrent 1ocat:lcn Previous dlscusslon (Section .

11.1.3) has ated, that hi

do seem to assess
.the protitabﬂity of their current habitat.

- The positlon of a particular feeding lncaclon on the .’
vgenera!. migracion route, ta and through a feeQing stock ‘area R
(see, Chapt:er 1) may also influenca how long uhales stay. - If

_the concentratlon of prsy is deep in a bay and remote from

other prey concentrations (for exaanplaNarke: Channel) g .

whales may stay 1anger and exploit: local resources mora e

extensively. In this situation the cost uf searching’ forr
and trave-u to a new habltat wDuld be greater ‘than for
~£eediné hab_& along the’ general travel route, _such a§ '
those along the east coast ‘of the Avalon Peninsula: Whalés
may. move at a faster rate’ through areas along m.l’qra.t:i.on .
routes, exploiting prey aggregacians less extensively.

11. 2 2 Preferred qroupings

Wnitehead, et al.. (1982) ‘apd Wnitehead and Glass (1994)
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found no evidence for significant ‘a’mounts of repeated or

continuous qrjol'xp.;ngs o§ individual hun:bbeck whales obser‘ved

‘off Newfoundland/over periods longer than 24 h. The only

evidence far preferred groupings in my data occurred in : ‘ &

Varket Channel, (Tabla 3.3). Small isolated céncentr‘atlons
like those i.n Varke: Channel may have an incr‘eased tendency
3 to form repeated qroups Resid@nt whales could come
fami¥iar with each other and certain Lndlviduals may form,

; |
o 1 ° . efficiently wor{king feeding groups from uhh:l'Lthey ext‘.lude

newcomers, As vhales are riot khown to form kin groups

e during the feeding seasor} (\mlike other specles t:hat form
exclusive t‘oraging groups e.g. wolf paci(s, (Zimen 1974))
gruup formation-on the basis, of foraging advantages would

’ ocegur. . ) '

‘Although obvious agoniscic behaviour is rarely observed

in summer during the feeding seasol (in contrast-with durinq

the breeding season), Whitehead (1981) found "that behaviour

such as fllppermg, side-ilukelng and defecation occurred -

more often durxng, group splitting and joining'suggesting

that thére is some:tension when group ‘size ehanges. 3

Vocalizations seemed to be. louder and more 't‘re_quen: during-

group encounters. (Chabot 1984; pers. obs.).. thayiourel 5 PR

' - mechamisms for exclu'dlng Joiners may therefore exist.
e : . In_mos.c sir.uatléns a tenﬁency opposing’ group. preference . : /
may ba more adapuve. Duferent inds.vldual humpback whales

>wou1d hava different amouncs ‘and t:yPes of’ lnformation about

K . the locat;on of' prolitqb}a feedlnq hab“;ats -and of :




/
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. each member of the group and for féedlné groups.” there rilu%!:v
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1984) . This "1nfew;mat1un pool"” would be .unhancgd in
lucaclons‘vher‘e_many different qul\'riduals are sequentially
entering and leaving the area (Ward and Zahavi 1973). High
immigration and .emigration rates would occur in -feeding
locations situated along migration u"r travel routes such as A‘
Bay de Verde (Whitehead et al. .1982). or thé éast coast of
the Lplon ‘i’eninsufa (this study) .’ An, indi\}idual could
,potentially obtain more Anformation abnut where to- +find foo
if it _jol.ned Hith a qreatar nl mber of dlfferent whales than | 1
‘with the same whales repea:edly. This sort of information” "
transfer, has been hwothesizgi_(Qralde;u’IQGﬂ) and
evidence for it has been, found in other species, for examplle
great: tits, Parus malnr. (Krebs et al. 1972), great blu; !
herons, Ar_dﬂi her_n_dns (Kr'ebs ;974), and comminally roostlng
Species (Ware- and “Zahavi 1973)". o

-~
.

11.2.3 Functions of Himpbacic Whald ‘feadiiig grovps

A dominant feature:of humpback whale Eoraijlﬁq'is th\ef\

formation of 'groups ‘(seé Nemoto 1964; Dawbin' 1966; Davies

and Harrison 1981; Hain et al. 1982; Jurasz and Jurasz
1979; Norris and Dohl 1980; whitehaad 1983) * For group’ il ;.

i
1living to evolve there must be a selective advantage for.f L J

be sutficient: fogd for':all group members (Brown 197§).
Individuals feeding in' groups can benefit in a number o
ways. Group living snables predators to cooperate in : B
capturing prey therehy imprnvinq capture success—'};challer BT
1972; Norris dnd Dohl 1980) and increasing the size range of
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prey available (Pimlott 1974), Anlma}s may form feeding

aggregations to gain protection from predators (Hamiltori

1971; Treisman 1975)) or to benefit from increpsed ability

to locate food due to information’ provided by other group

membeérs (Ward and Zahavi 1973) .

feraginq aggregations will be selected t‘ar by patchily -

dishbibuted food resources-simply as a response to. resource B

distribution._ 'mus the distrlbut:ian of humpback whales .

irouda Htoundland is aqgrggat:ed * Within t:hese o

aggregatisns however, humpbacks form- .cohesive coordinating B

groups. Groupyaf ‘foraging humpbacks coordinate dives,

surfaclngs and swimming directions and ev?n-b{;v/%n
synchrony (see Davies and Harrison 1981) . That there

is

enough’ food ‘for ‘all group members and that resources are

patchily distributed” are-not sufﬂcient. explanations for, the ;

high deg-ree of coordinaﬂon seen.in’ feeding groups, ‘for many.

ind&vidual whales could Eeed separately on ‘the same fish

s:hoql and theoretlcally obtaln the same share of resources.

A selecl;lva advantage ta»‘gr.epp coordinacién in humpback,

whales could be to reduce the disruption of prey:schools '

.that may result from repeated passes of feedirg whales

xthrough them Dlsruguon of short term disperston of

ceheslve.,prey schools® would be a disadvantage to humpback

whales as it would reduce the amcunt of prdy taken per

foragxng dive. Thrae' or' Zive -mcuths em:ermg the school

together “from the same directtcn of apprcach would be
d’isrup:l.\re than if each whale dove into the school at

different location _from‘d_lfferent directions and at

less




~

- different times.

.F-:viden.ce that grouping has a function directly related
to foraging was that-whales grcuped to feed but dlspersed
when not feedfng: foraglng groups were significantly larqer
than non:foraging groups (Table 10.2)." The abbve.result
‘also fpund by wmtéh‘aad (1981). u/\In addition, foraging.grow
sizes were larger with 1arger\ prey schools but non-foraqx

group sizes werﬂ similar in Targe or small (deep or shallow)

Prey: school situations (Table 10.2). - When prey schools weres |

small and would not support large Whale groups (hence would

not ‘require coordinated feeding Hives) less group °
coordination was bbserved”(Section 6.3, 7.3). Whitehead
~(1981) méasured indices of coordina¥ion among group’ members’
and found that coordindtion anreased whlle the wh es were
feeding at depth, suggesting that the principal fu{ictién af
coordination (possibly' to reduce prey schqol disruption) :

qccurs under water. " E . . ."'

2 . L

Group coordlnation may represent a form of cudperativp
prey capture in humpback whales'. Prey _ concentraclon with
bubbles (Jurasz and Jurasz '1979; Hain et al. 1982) or. .
against interfaces (Dolphin and McSweeny 1951) may be more
etficient if it is done by coordinatlnq groups. The hlgh
degree of coa;;dination seen in groups of ‘diving or lung,\ng
humpback whales (aspeclany echeloned lungng, see Jurasz
and Jurasz 1979) may indicate cooperative herdan of prey
aggregat:i.ens perhaps similar"'to the beater effect uhere )
predators form J.Lnas or semicircles ‘to drive or flush prey

(Wittenberger 1951)4 Fleeing prey avc).d one predator only

4




e to encounter its neighbour. ¢ 4

.

11.2.4 What determines humpback whale foraging group sizes ?

Depending on the function of the group, differént and
s often conflicting selectioh pressures determine group sizes
in anim;ls (e.g. compeu:ion for food or ma.,es. predation

i pressure) and lndivldual graup members may ha(va different
. prefgr}—ed or opg:imal group sizes (’Bertram 1978; Nit_tanhg‘rger. :
1981). Opyimal group sizes assume individual gréup: members .
’"choosé" group size to iricrease ‘their fitness, however,,

. . resource distr.\butiuns or ‘demographic fattors can cffset’

T adaptkve processes influencing group size (Wittenkyarge

- . 1981) . . . . 2 iy

© o g The hypothesszed function (Section 1, z 3 of 3
N . coordinating groups of humpback whales was to reduce "
. disruption. of cohesive schoofs of »pre‘y ‘or to possibly =
factlitate cooperative hérding of prey. A number of
. ’ concepts concernlng optimal group sizes are thus relevant to‘j -
humpback whale foraging groups.- 1) The size of 'such
. functional’ greups of animals is generally that which best 3
performs or. "optimizes" their evolut&onary funct;on (Pulliam
1973). ' 2) "The concept of optimal group size has'most

relevance in species where groups ire :emporar’y” ]

‘ asso:iat’lons probably for faedlng o (Bert:ram 1978 p 96) - ¥
3) If group: sj.ze is determined by immigration’ or 'Emfgration . ;
from the group rather than by bi.rth or dauth ratas then it :

- - vould more closely raf)aect the adapnve chclces of. .
indlvidunls (Hlttenherger 1981)
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. ) Humpback whale foraging group si.zes then, n.\ay be those #

which permlc the least disruptien of prey schools. When a

= fish school is large a few large groups of whales would be
léss. disruptive than many small groups as “this would
decrease -the number of foraging passes through the school. &

8 Yoy W For' the least disruption, group sizes should ;.:e as large. as

: the prey. school would allow, given the potential qnnstralnt‘s
. , : i

of coordinating very large groups: Tf, however, many Targe

prey schools we}:e availablé (a situation hot observed in . .

this study) ‘group coordination to reduce 'school disruption * ' -

would not'be a3 necessary. Groups should be small when fish

schools afre . small for two reascns Small prey schools would ; '_ T
s ! not support large groups, of whales because they would not be = ' .«
: “'large enough to accomodate  many vhale mouths at thé same = f' o
. time. In>addition small schools might not! contain

sufficient f‘ad for all members of the foraging group. T

“In' chis study humpback g'rcup sizes did 1ncraase with *

. increaslng school size. Whales fed singLy or'in qroups of:
two when they vere’ utllizlr\g small surfice swarms of Krill.
. They formed small groups. vhen: capeun schools wer® small. and”

wh large groups khen schools were larger (Tabla 10.2). P

. ¥nicehead (1983) £otda- £hat maximun feeding group slie was’

cnrrelated vxth the horizontal ste of lnshors prey schooxs

on the Grand Banks humpbycks Pormgd very large groups of 12 .- ' :
\- 40 animals sarlier 1n \:he ‘season vhan pre-: spal-ming capeun
schools' were lar.ge and compact but after spawning ‘as ‘the *

schcals‘ dispersedvin:c smaller units hmpbagkq fed in. o Yy Y

Emal;e‘r;greﬁps (Whitehead et al. 1982; Whitehead and’ Glass
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1984) .
A larger number of whales ‘could be expected to exploit
a larget prey school as resourde abundance within the- school
would be gréater. Group sizes may thus be larger sinxply as
a result of there being more whales in the immediate ‘area. .
Whl:ehead (1983)" found that: group sizes were correlated with
the: local vhile p'qpul'atson A similar correlation occurred v 8
o g

in this study in two locations only, Varker. Channel and
s Trinity Bay (Tables 3.2, 4. 1) When. study locatlons are g =

compared there appears to.be. no, consistent relationship ' o e

between, local whale population and ‘mean group siz

. sites were bnly slightly larger in Trinity Bay thah in *

Varkec .Chapnel yet there were 3.5 times more- whales, on

. average, in ‘h-.L;nuy ‘Bay.’ (The size of prey schools on a
given day in ?Anicy Bay ranged from bein? apgroximately ’
equal to, to t:uice»as large as those in V_tfrket Channel.) In

: Witless and Mobile Bay,. group sizés were larger whén fewer

“whales were present. When whales were exploiting krill in’
“St. . Mary's Bay‘,- a’vsr;ge group sizes vere smallér_*chag those

. “in all other study locations, yet theré: were mone vhales
present during part o£, the observacion period than in all
nreas Bxcept for' Trinity Bay (Tahle 10. 2) Individual & ‘, {2
patches nt‘ krill were smaller than ‘most capeun schools

seen, suppercing :he hypnthesls that qroup size 1is"

_— determined parl:ly by prey school size
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11.3.1 Search strategies

Investigations of evolutionary strategies of optimal
search. in predators haye yielded two-observations applicable
to humpback whales: 1) non-random search'is more efficient
at: locacing prey (Kr'ebs 1978), and 2) ‘animals use specuic -

sites and locations as cues to find prey’ ([{lorse 1980; Zach-‘
and Smith 1931) Be‘cause of the highly patchy nacure of -

‘resource patches, G

5 & Ecod searcmnq behav;uur h'\ Ncrthuest A:lanticv humpback ¥
vhales involves 1) a nnrthvard m!.gra:lon to the Eéedlnq ‘ ]
grounds af that particular £oraging sub- scuck Z) travel to T
-areas of hlgh prey avauahxllty \dthin the feedlng qraunds,
3) movement withln areas of hth productlv.lr.y. and 4)
movement froxn prey schacl to prey school Humpbacks
demonstrate non-random. movement and/or the u‘sé of ‘geoqraphic’
or oceanngnphic cues in all £our compqnem:s of prey saarch
Although the latter - tuo componencs are not evclutlonary i
sStrategies per- se slnce they may be learned thay afﬁ)facets’
of prey- sear:h and wlll be included in this section of the

,dlscussion 3 : * * y o e

" Feeding stack 'site fidelity - (Katona et al..1983) and.
the anniual return to particular feeding grounds in Northwest
A;l'antiic humpback‘i‘:h’aixles (see Chapter 1) uyndéuhtediy‘ entails
the use o‘f"‘oc’eénoqrappc cues'and insures th'a!‘:‘humpb’af:ké
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will at least be in the vicidity of concentrations of their
- prey. Humpbacks are a cnasta'l.:sj)ecies, travelling Aalqu .
7 continental shelves and shorelines’ (Chitfleborough 1965;
Da\n:iin 1966) Such nnn-randen:a routes would eventually
. result An encounter  with _prey. as these are areas £ high
- produccxvity In the Nor:huast Atlantic uhelt and :uastal
trave1~ would” lead vhalu t6 ‘the capeun concentrations of X
) :ne m—and Banks' and Lnnhora Navtoundhnu

o 'l'heru ‘aré thrée sk\es of prqdictahly‘ gh ‘prey

1th£n thu Nevfuundland (eeding suh stock' s -

i A
_»!nragin’gj rea: - tha Grund Banks, Lnshore Navt‘oundland and -

4 s off’ Labrador . Humpbacku cnval among thou lccations‘

ving
prudamlnantly lrom E vr.h to nurth hoth bht\leen and within

sites (Hhitahoad et al. 1982; thtk?\ead and Glass 1984)

Some indlv.\dual vha).as also demcnstrated a tendency to
return to particular :ec:l.bns of cga_stlgna.ln spccesglye

% | years (Whitehead et al. 1962). pceanographic cues are
P probah].y used to travel and. remrn to'". ehou sj.:es of hiq};
S, . prey abundance’. . DLrectional moveunt (south to narth) may EE . -
decrease - the uk.uhood that sites a Co

rqvx:u:éd or. areé

. visited ‘after other ‘whiles had exp! ited them. - i

. d @ Oncq in .areas vhare suitable bait' schools are” Mkely to
be 'tnﬁnd humpbickl are’ sc'lll !'a-:ad vlth the.task_ of finding
m.thy locauzad concantrat.{ons et prey A number .. ot,cﬁgs ] N b‘
could’ be und to dc thls s Indlv&duulu may hear the | )

o ;J’ vncauzanans of other !oraqlng uhalos over’ distances o.{ 2 -

4 km (Chabot 1964) At smaller d.\stances ‘whales may. uetect T W
. ucunda made by lchoo).n ot ﬂsh or krul (Hyrberq 1951) or '
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perceivo an acoustic shadow produced by fish schools located
off beaches with surf nol.se such as st Vincent &. ° o
Naurophysi.eloqicnl id 'thlt:_'

have ,
excellenst hearing (Herman and Tavolga 1980) and as sound
travels well in water ‘it. is' an ideal chlr;nal to use‘ln prey
search s:rategies Alt‘hough prey schools ulso emit - smeul
(Kleerakoper 1969) it, is unlikaly ‘that olllctory stlmll. are™
used by mysu.co:es‘ as they possess.only remriants of the
neurpanatomical st.

Mitchell 1971)

ct:ures lnvolvud in oltactinn (Quay and.

Mysclcetes probably hava a- gust:atary senua >
and could poss!.bly locate’prey by tnsunq excretions and " . ¥
other. chemcal subsﬁances produced by proy (Herman and. g
Tavolga 1930) Yo >

on'a, finer scale, Ghales need to.know when to dive:

when bait is bel.ov t:_hem (for deeg schoals? -or lmediately.
ahéad of them (for small dispersed shhle(« schools) The
huqsbacks observed in this study certainly did seem to Khow
this.” - When - they \IQ!’S fnraglng on-schools too deép to see
the vha].es would often not be dlrectly over :lhau: school-
vhne they vere’at the surface’ (mdu:nsd by f:ha absence of |
prey traces on ,:ha depth saunder) When ve raached their

tnotprlnt after tha terminal divs a bait lch ol vould beqln
in .the- nmnadhta dive vlcln.lty % This happe d. so fraquencly

.as to suggaut thn: whales knew whsn thay wer'e ovar but and

it wpuld‘ be ‘worth their whua to d!.ve.. S uarly uhan - .
toraginq on, Small shauw m:hnolu ot cnpol n, whales' would &
be swlmlng ac the surlaca wi«:h no .substantial uchoolu

present: on thq cchc suunde . thuy -ould ive and. Hhan‘vg
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reached the footprint ‘a small.capelin school woiild
invariably be prssént.. It'makas adaptive sense for .
humpbacks whales Eg be able to detect hen they weré over or
about to encounter prey schools ds.such knouledge_wuuid
nininize unproductive’ dives. Hearing fish schools probably
oceurs:when' schools are’ deep. whue both slght and sound may
be used' to detect shallow schcnls Humpbacks also feed at
night (pers. obs.), an lndication cha: ‘senses other than

#o ok

vision p].ay‘ an import:an: role in prey detectlon <

11A3,v2 'Exlllaldj.'tat}én‘ strategies’ é fo iy b i

Hump'b;cic whales in this’ study exhibited thres 'prin;:ilpal :
. behavloural strateqxas t‘er expluitlng ;he three bruad ‘prey :
type catagqries Hhen u:ilizing medium to : large sinéle
ccnéent’rg‘:ed prey schools (such as "those in all deép bait ,
locatioris’ and in Cape Broyle, Harbour) humpbacks_per formed a
repetltive sequencs of furaging dives into. the schaol. When
‘bait vas distributed Ln $mall shallou scattered schools
(capﬁnn in Witless and’ Mobile Bays and kri]l) vhales moved
. from school to school usxng a cruise and munch foraginq
strat:eqy. A sarles o! ‘lateral surface lunges were used to
. explou: 1arger patches of krill ‘at the surface Hhales also
oc:asionally lunged into capelin or squids Vari.atL ns
within, each s:rat:eqy wers apparent however,  and. carrespcnd
to variation Ln prey schuol charact:erlsucs vithln each main
prey type . Others [Jurasz arid Jurasz 1979;. wmeehaad 19815
Hain’ et al. ' 1982) have’ alsn found that humpba:)cs ,axhlbl:
considerable variation \{i_thg.’n broad categor ies ‘of foraging -
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behaviour. ' As foraging behaviour was partitioned into a
nunber .of components, how variation in each of these’

componients enables whales to efficiently utilize .each, prey '

situation will be discussed.

Dive and surface times. In the deep capelin situations
(Va-rket Channel Trinn:y Bay, Great Island) dive times were
k4 1cnger when prey and water depths were .greater, both between'

and within (dayto day variation) places. Since dive time

cculd be ccnsldered to be a component of handung time (see
’Sectxan 11.1, 3), all other things being equal “(density;
. Size;' species composition, etc.) deeper schools_ require .a
gre'a:ef—‘handu'ng‘ t‘lme‘component and may thus be: more co‘stly
i " Yo ekplait ‘When whales were feeding close to the surface
* ‘on shallow éapellﬁ schools (Cape Broyle Harbour, Southern

" .Shore) .(Table 9.

.3, Figure 10.2) dive times were

approximately half as long as t:hose from deep capelin (TabXe

9.3, Eigure 10.2). Given an averaga school depth for deep
. capeun of 80 O.m (Table 3.1), an average dive time of 4.5
iy w5 8§ min (Tgble 9.3) and an ascending and descending rate of 0.77
o m/s (wl"ﬁteh;-sad 1:981), this indicates that humpbacks - spend
about 1.0 min .(65.5 s) ascending and descending and 2.33 min

0 X at depéh which is approximately the dive duration for 2 -
' -- shanow prey, (2. 35 min, - Table 9. 3) ;l‘hese .flndlng's are '
", almost identical to those of Whitahead (1951) I:‘seims -
i + then that tuterinq cime is fairly constant but handlmq
& = time is partialvly a {unction of prey depth._ O ) , & '
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s Whanr uhales were utiuzlng the' small concencrated

post- spawnmq capaun schools in Ca‘pe Bruyle Harbour sﬂrt‘ace

times uere'fcnqest and large amounts:of surface directional -

change oc‘curred whaxes may have ceded . to reposition
thamselves over the small school after dlving through Lc and
resurfacing adiscant from it When humpbacks uere laterally
lunging amid krill svarms surface times vere also 1onq and .
whales moved relacively slowly This is cbvicuslz a

reflectldn that the tu:ermg or consumxng phase. of fcraging

occurred at the surface. :

The strategy of cruise and munch t'oraglng on small
scattered capeun schocls in' Hftless Bay, Mobile Bay and
Cape Broyle Harbour uas charactérized by highly variable
surtace times (SD . mean, .Table ? \3). Variable sur face
times are’ a reflection of unpredictable travel times betveen
prey sct\ools In deep immat:ure capelin situations (‘L‘rinl}:y
Bay and Varket Channel) surface times were much less
variahle/and uera siqnit‘icantly posltively carrelat:ed with
Eouov.‘mg dive :imes (Tables- 3.8, 4.5, A2.1; A2, 2)

Whi.tehead (1981) found similar‘ correlations, with surface
times mora strungly corre’laced with the previous dive time
than the follawlng dive time.’ ’l‘his suggests that. when
uhales ara fo\"lging on. dsep prey surface times tunctlon as a’
rscevery from. t'oraging dives. Tha Ionger (and the more
energeticauy cnsely) t:he foraglng dive, .the lonqer' the
racuvery phase at the sur‘face. In neither shallow capelln

sxtuations,('l‘ables 6.6; 7.5),‘ nor when whales vere T o

exploiting kr_l.'u (Ta)‘alevB:‘S):, were surface ‘times .
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significantly correlated with dive times, suggestan that B -
when vhales a\r&npt making deep foraqinq dives surface times

‘o not function as a recovery phase. E

'x'ﬁe —mNatins of dive times to préceeding surface
times in- tHe different bait situations reftbrate dive and _
surface time differences.(Section 10.2, Figure 10.3). 5w

,-'A_._ N Ratio: were Iargfst (z -50, Figure 10.3) when uh‘les were
lunging on krlll. This was’ mustly the ett‘acc et non- lunqing [

' cfives which’ vere claracterized by shnr\: surtace ‘I:lmes . /

. f&uouad by 1onq dive "times-. el

lunging and nvn 1ung1ng dives,

- preceedlng a lunqlng bout at the surtace Lnnq dives prior

to lunging bouts. may indicate that vhales® doye deep in order

to q‘ai‘n mo‘mentum they usuany resurfaced with substan:l.al

force before beginning to lunge. Whales may also have _been ¥
spending a long time at depth in order, to accurately locate o
a krill swarm:and orient so sthey would resurface adjacent to i
wne and could lunge into it immediately without losing -

momentum .

HmLemnx. Ratterns at,’ Ihﬂ surface. Forlglnq movement
N . . pat‘terns ef animals should vary vu:h dif lerances ln resource
) patch characteristics (Morse 1980) . In this study there
verertuur mnl.n variations in resource patches: 1’arqe‘
superabundlnt patches (deep cnpeli.n), smaller concencratad
R \Ntches (in Cape Broyle' Harbnur) dnparuq very small
patches (cru!.se and munch capaun) and resources thnc were
:Mnly dispersed over a vide .area (krill). Movement 8
¥ patterns of humpback whales were correlatod with each of : % ¥

S e T D
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these resource" distributions. /

When humpbacks- were ex;)loiting ]-ﬂ,l“éO deep capelin
schools, d‘lrectlonn changes at the surface were only about
90° Large schools enabled whales tg travel in fairly
_s:_rélqht‘llneg for 100 + 500 m at the surface and-;emain

_over bait.. thereby permitting exploitation of different

locations vithin the schopl and Possibly minimizing’
disruption éur(aéa diu&:ticnal changes were significanily :
greater than those for deep capelj.n ‘when whales vere
foraging on small concentrated schools sof pvsc-spgwnv_in,q

capelin in Cape Broyle Harbour. Aftsr ‘surfacing whales

needed to circle to stay,close to the bait school; straight :

llrée travel for only 200 m would position whales well away !
from the-school ‘(Figure 7.1) .- Foraging dlv;es into remote A
locatic;ns within the schéol were not possible. Watkins and
Sci\evlll (1979) also noted that greater amounts of surface
turn.\liq were required when humpbacks vere preyh;\q on small*

active fish schools but that larger prey schools did not

require circling. X T

’ The .slgnl!'iclntly qﬂaétest amounts of sur faze~
directional chan{;u’ observed when hunpb’nckl vere laterally
lunging on krill reflect the swimming piacéerns during.
lunging (ziq~zaq or lolnpop, Section 8.3), patterns which -
msy lm:renq tha amount of krill r.auan per lunging bouc.

‘Humpbucks were also observeq by Lockyer (1976) . to zig-zag .

back and’ forth !:hraugh‘ kiill at the surface. Whales turned
at similar rates when (abding on .capelin_ lchcols alther deep
or just below the lurtaca, however:, vhan mng&ng on krill

«

o —
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o
rates of, turning were significantly greater . Turning at a'
faster rate may en‘able humpbacks to remain within the krill
patch and thus to futer more of it per lungan bout.
During cruise and munch foraging, the small i‘moum‘.s
(80% TabLe 6.3) of surface directional l:hange ubserva;i
reflect :he humpbacks general strategy of movement
travellmg throughout the bay in broad zlg zags, posuibly
searching for pockets of capel.tn An’ observation that has

- emerged’ from studies of" optimal patterns of movemen;?‘ln

predatcrs is that once a resourca patch has bsen found
movement patterns shift from meander ing ones with small
directional changes o ones that keep predatars lq :5'“
vicinity of the resource patch (le. area restricted search,
see Smith 1974a, 1974b; Pyke i978). This -was obsel;ved H_ith
the small concentrated school in Cape Broyle Harbour .and
with krill. Vhales probably had'no need to stay in the
vicinity of the very small schools utilized during cruise
and mitnch foraging Mbvever, as they were likely not = :
profitable enough for extended exploitation. Whales'thus

moved from 'schood to school.

Eoraging time . Animals should cease éxplu\ti.ng A -

’ resourcﬁfpatch when energy return declines to the average

for the habitat (Charnov 1976) .° A variety of studies have' __

. attempted to elucidate the behavioural mechanisms: by vhlch‘

preda:érs assess when it 1is tptimal to léave ‘a patch. If
they are optimal foragers, the amount of time humpback
‘'whales continue t; -forage on a single prey school should

depsnd “on how school prof V;tabllity Ehangeq o,‘rer time, on the
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. availabxuty of alternate schools and the ease of ﬁndi,ng
ool & and travelllnq t:o ney schools. In rich habitats .where B
rasource patches are abundant anid finding and travelling to i

A T - an \.mdepleted new patch is easier, predators should leave

patches sooner (Q:armv 1976) . ° &

b s T : Stnce furag!.ng vhales deplete and probably disperse
’ pray schoals, proﬂtahllity uould declma uith increaslng
exploitatidn time . Larger schcols would be expected to -

h decline in prqucahmty more slovly’ than small schools for :

: two reasons: 1) they are depleted more’ slouLy because they

contain mc;ne piomas_a 4nitially and 2) longer" exploitacion
times -are mecessary to co’mpls‘telvyr ﬂ’isrup:‘ -them»since vhales
could successively dive into different locations within the
school, ‘letting previously exploited seccions: recover

' (Section 11.1.4) .- Humpbacks whales foraged almost

continuously on the very large d,.eep capelin schools in

2 ) Virket Channel and Trinity Bay (Figure 10.5). A significant
© decline in -profitability of these very extensive schc;c].s N
must occar veﬁ élouly as whales were rarely ‘é,bserv.ed to -
‘cease furaqixig on a school.  In- Trinity Bay we only once
obseri;ed a group. of 'vhale; ﬂ':o'p foraging to ‘rest but other
. individuals continued to exploit the same prey school, and
in Varket Chamnel ‘a pair of whales once left a'prey school B
and trave“l}ed to_ another . - . 3 5
Off Creat Island where schools were smaller and ‘less
vertically exténsive, especlally as the study period '
" . .progressed- (Figqure 5.3 S_nd 5.5), a greater proportion of
‘ non- foraging ‘behavicur occurred. A’der‘:une in both the
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horizontal and vertical dimensions of scheol sfze would" ) '
markedly decrease the volume of prey available teo humpbacks
and hence accelerate the effectt of schoo“l disruption and
depletion from continded forégin§ Whales left individual
capelin schools off Great Island to resr. to travel to
anoehe_r school ahd to’ exploit another source of prey (small
pockets of ca;mlin at the surface). These cbservations
suggest that the deep schools off,Great fsland’ decline in

profitability, prompting whales to cease exploiting them.

In Cdipe Broyle Harboir where the single cohgcentrated,
capelih school was much smaller than CreatIsland schools,
humpbacks foraged continuously on the school for enly = 7%, B2
2.0 h, suggesting that patch quality had declined ;o

" sub-optimal levels after this period of time. This decline
seemed to be initially due'to disruption rather than
depletion as whales returned directly to the’ ichool at‘ter n: B
recovered. (see ‘Sectlon 7.3). In this study-area eri?ds of
nen-foraging thus alternated with £craginq periods. Effects:
of deplaticnv'.or; foraging time were difficult to assess as'

‘ dispersal of the school over the coursaof the study peried.~
coincided with an exodus of humpback whales from cha bay. - -
The’ high propurtxen of non-foraging dives that were obsenved
during druise and munch foraging on scattered capelin
schools in Witless and Mobile Bays occurred when humpbgck.!’
lef«:. or_ 1ost the areas of high school density. - The

N encounter rate with resource patches dropgsd and vhales

switched to, resting or’ travelling behav'lcur
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.Tk.\‘e non-lunging dives interspersed between lun‘qing

dives during krill lunge feeding vere not significantly

diffexent from (non-foraging) travelling dives. that occurred

after cruise and munch foraging on krill ‘(Table 8.2). 'The

non y phase’ of whale foraging behaviour

during lunge feeding is thus more proloriged and consists of

an entire behavioural unit or dive (surfice plus dive time) -
rather than just the time Spent at the surface as when. -

Whales make foraging divi nto sub-surface bait. Thls may
reflect the need for a rest or recovery period after a_

Cseries of energe:ically costly- lunqes .ax‘may be time

required foi repcsitiuning prior to the onset of. ancther

lung:\ng bout. Hhales sometimes travelled a!: ‘the surfa:e

towards a krill. swarm just before starting to lunqe ho
{lollipop pattern of movement) ;" and lunging dives did
occasinnally occur in"succession, so res‘\; and/or

" repositioning were not always requirfed. . . -

. Non-foraging behaviour in humpback whales is distinct '

from. foraging behaviour (Table 9.2, Sections 9.3; 9.4) and

ﬁ(:ersn: types-of non- foraging behayiour “are d’istxnct from'
each nther Rest:i.nq was characterlzed by long™ surface ‘bimes
\mare vhalos lay almost mofionless at the surface or moved

‘leisurely 1n mganderxng paths g b_lhales turned- greater
e 5

amounts (due’ to 1anger times. at -the surféce) but thsy ai
more slowly. Durinq non-résting :rnvelling whales moved

unldi.racthnally andlspen: shortereperiuds of t.lme both at,

+ the surface and: divlng (Table 8. 2) Eoraging grcup sizes.
were larger than non-t'oragxng group s,\zes (stle 10 z') The "
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’ . ' categorization of humpback whale behaviour- into foraging arfd
. . non-foraging is thus possible on ‘the basis of measureable .

traits and on the presence of avalilable prey.

:nnamngb.ahnim: o

. 11.4 .
° Major oals o: t:he mul:fple regresslcn analysls wefe to' )
B X de:erﬁ uhecher 1mediate it charac:eristlcs coula L% -

S account for”or predict the baslc unit of vhale £oraginq
beha,yinur Lsurface and dive” timas), ,specificany whxch bair.
’variables had the stronge

effact of ‘whale behavioun and o

: ,uhecher hale ehavlour was, better'gre_dlgted, An snmg bait | L d

situations.than others.. . ' 4 .. PAF L

11.4.1 Deep capelin .= =~ . . - c i

Whale beliavisir was-best predicted when bait schools.

were-deep.. " 1‘hls is primarily bacéuse two of ‘the 'ban:‘ s s £
. variables: measursd in.this sr.udy and used in.the reg-ression ! t e

. analysis (dep!;h to. the tnp of :he bait school-and ocean

. floor dﬁpt:h) strongly influence depth of dive and hsnce d!.ve
time. Surtace ‘time vpriance was also, signthcantly ’ : S
predicced by' baic “var ables shen prsy schools were: deep x

(excep: ;ln the Grea: ‘Island s:udy area)g EE surface clme w Yoy

functlens as a ‘recovery perfod from a-foraging dive (Sectlon‘ CRE
11 3. 2) t:his uould be expected: . b’ait and floor depths

’ 1n£luence~ dive time which in ‘turn Lnfruences sur. face tlme
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. When prey schools:were deep bait variables alone

significanptly predict whale 'divllnq behaviour, the inclusion

of other whale variables in’ the regression equation (most of
which were surface behavicurs) had little effect on the
proportion of variance of dive time accounted for The
prupornun uf variance of surt‘ace time accounted for was
sul’isl‘.‘anti'ally reduced, hcwever, vhen whale variables were .
excluded trom the regression equatlon and only ):axr.
varlab\les uere used. The time, Hhales spend at the surface
is, as expectad posL:Lvely correlaced with uhat “they do

there - prxncipally ui(:h "how. much and hou fast they r,urn and

with group siza (saa Section 5. 6) ol

A\Of all the'bait Var‘iables the ver:laal extem: of the

prey school in the immediate dive vicmity is léast strongly

N correlated with dive j-nd surface times. There are a_number

of reasoris for this, .The t-‘lme descending to ajnd ascending
from prey schools ‘may, ‘be the main .component ﬁf dxvé_durai:ion
with time spent at dept\"l bding’less varisble (Section !

1.3, 2).

prey more strangly determines 'dive and surface times. Even

:Therétors ‘depth to grey but hot vertical exten!; of

if filtering :1me did vary uith prey schuol density or.

abundance whales may enter prey s::ho_als horizontally or .

- diagonally: so’ vertical extent of bait may not b relevant ‘to

filtering time. .A.minimum'vertical.prey extent may be
necessary, however, .to offset the disruptive effect of
foraging dives and to.make deep féra‘qlng_ dly;as worthwhile. -
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There was no consistent pattern to the efféct on

‘regression results of the removal of highly correltated bait -~

variables to control foy multicollinearity. It/ could be
expected that the removal of some bait variables would most
strongly affect the prediction of dive time but this only
occurred in the Trinity Bay dive by dive regressfon results.’
One of each-pair of bait variables was still enough to
significantly predict whale diving behaviour in all deep
prey: s:udy lobatlons although to a’lesser degree ln “the
Creat Island s:udy lncaclon reductions’ in t:hs degree of ' .
predictioﬁ of both 'surface time and" dive tims may have )
1nteracted to p_roduce h\subsﬁantially grea:er reduction in.

the predictlen of unitima. as it is the composite cs the two
other_ time’ variables It is unclear. why this shnuld happen

“only in the Great Xsland resulcs however :

N vae by dive data sets wers h.lthy autocorrelated uhen
whales were utll.\zing deep prey schools (Tables 3.7, 4.4,
5.4) . This is inclicati.ve of the repetitive and predictable
nature “of humpback deep balt fnragir\g behav_xour. y I:‘ is also
indicative of the cons:a;u:y- of bait school charactéristics
through the duration of ‘an observation bout. .Dive times
were not very variable from one: dLve to. the nex: becéuse,
whales were utiuz;n_q the ‘same prey 'school, the depth of

which remained. fai'rli/ constant. Prey séhog¥s moved little

durinq observatlon bouts hence ocean floor depr.hs also did

f

not, changa i *
EZd
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: ‘
& Greater proportions of surface and dive. time variance .
were accounted for and correlation coefficients were '
stranqer when aggrega:ed ddta were used in :he analysis

(Appendices 1 and 2). Whales prébably do not match each

surface and dive time to :he bait school characteristics
immediately below them, but on-a broader time scale, bverv E.
longer period of time, a more consistent correspondence
betveen prey ’parameters and predatory behaviour might'
emerge. This appe.‘rrs to have been the result Cases J.n :he
: aggregated data set vere mean values of varlables fd‘r each ,' T e
hour ot observation. . Case.to case varlabnlty (u.u:)u.n )
] variabls variance) in “the.'data is substantially reduced and
existing relationships hsﬂ;y_ean variahles emerge more-
- strongly @ . s . : v ’ :

11.4.2 Shallpu. capelin

Contrary to results: from deep cape].in fcragihg, in
. shallow. capelin locatiuns surface time was neither related X
to dive time nor \:ogbait variables (Tables 6.5.and 7.5). T o
g Thss suppor:s the idea t:hat when foraging on shallou cape[in
surf/ace t.lme is not a recovery period froma foragxng dive
but may !lave ‘other functiohs (repcsitionlnq, _letting prey

regroup, school to school travel, see Section 11,3.2).

Shallow capelin foraging data sets were not highly X
- auc;obrrelsted Th).s reflects the whales' behaviour’ (less ~ : '
' regularly patterned) and support:s the. above predictmns
about the function of surfacd timd during shallow capelin

foraging. ' Surfacé times were highly variable between dives
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. (SD > mean, Tables 6.3, 7. 2) probably because the durauon'

varied according to its immediate Eunction

2,
Wheh prey schools were shallow: unly two bait measures

were available,’ ocean flanr depth and prey ‘extent/area. #
There was no measure of top depth, }:he variable that most V
strongly influenceéd dive ‘time when prey scl';ools were déep.
In the Southern Shore study area diVe time was signi'ﬂéant‘ly‘ * LR
J . predicted by-bait variables (Table 6.5) but this'was not the " = -
casa in, Cape Broyle Harbour (Table 7 :4)., It seems unukely
& that the vs;rbita],;e_xtént'of small pockets uf,vcavpelln vould * #,

influence dive; time to any. degreé,” for reasons similar to &

50 :hose -for large deep capelin ‘schools’ (see above), Ocean” . . £ 3

fioor depths and verti¢a1 extents’ of prey schools were £ i

posi:ively correlated in' chless and Mobile Bay& the twn o B

varlables acting together “(or ocean floor depth alone) may

ccntrlbute to- lenger dive times. 3 b L s, " .

Re-;nalysis with the reduced Bait variable set to © .

. = control for mulltfcc],unea'rxty‘ caused a ‘q{'eater‘ raductinn' in ° %

g ' time variable prediction vhen prey- Sschools were shallow than

when they were deep 'This was consiscah:ly so.with- dive

time, where ‘Bait varlab(s, ramher :han whala variables, ey /\;

- “ were: r.he ‘main predlctars As for l:he Greai Island study R v L
location, in all shallow prey, s&tuacinns there was a h . :

= ; * substantial decrease in the‘ predxction of uni€ine by baLt " . K

o ! variables alone (foocprim: values only) Keduction Ln the' i 7‘:

degree of predlction uf%oth surlace time and dive r.xze may
“be compounded for unltime slnce J.t isa compusn:e of

;"9 other two. tlme variablss. Y ST T o
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11.4.3 Kr111 v

o~

Results from mulr,iple regression analysss when whales
vere feeding.on krill are similar to those for shallou
capelin foraging: dive time but no&surface time was: - o
slgni‘t"icam:ly predicted by bait 9h§rac:er1scics at the dive,
area. | B‘uth' types ’qf kriil féedln}; data were used. fn t'he :
mulciple reqressian analysis, :hat of’ whales lunge Eeeding ’
on surface swarms. of krill 'and, also hat ef whales d,iving

:Ante small patchesr oﬂ kriLl (druise and munch) In the

form!r data set surface time could’ be' expected to be related

to bait’ variables as, the consumat,ory p};ase occurs upila. ’
whales are at the sirface. During cruise and munch,
foraginq, houever dive ‘time’ could be expected to be
predicced by bait: variébles Mult.Lple regression anaIysis
for the two types of ‘foraging ‘were rot done separately due

" to small data se?s and pcoled data set results are not .

tlearly interpretable. Ocean floor depr.h seems to most
trongly ‘influence dive :lme (Table 8. 4) This would be . °

expacted ‘during cruisé-and minéh foraging byt during lateril.

iunqinq water dépth may glimit:the depth‘ (and thus ‘time)' of |
pre‘lur@ng pbsitioning or momentum Qaining‘ di'&gs. B :

mmmmsmmmm

Since feraglng behaviour crf humpback whales is closely
related to the .meediate pf‘ey sxtuauun, t:hey appear to be
qult:e ef{lclent foragers. . Discussing- hmback foraqi.ng
bsha'v;our‘ in terms t;f optimal ‘goragl;\g theory is pnl.y‘ useful
to a point and does have dravbacks. . Such dylscus‘szlon helps
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generate predictions 'abeu;:.prey school .charrac',terist‘lcs that
might influence foraging, behaviour and ideasiabout why -
whales respond demo‘graphica‘lly and: behavlourali\; the uay‘
they do. Generacinq predicl:.hms that are testable ' 15
virtually impesslble thcuqh, as the nature of the
predatur prey syscem is not at all conducive to experimental
manipulation. In additicn the assumpr.ions of op:lmalxr.y
cheory itselt havs been’ crlticlzed (see Maynard Smith 1978

Krebs et al 1981) It is very llkely t:hnt humpbacks learn s

to' exploit both ‘novel' -and famluar prey in“an opportuniscic
and flexlble mhnn

also makinq the applicatiorl cf L
nptimauty t:heory less 1egit1mate_ e .

The behaviour of varmus ‘types o£ prey schools seems’é
strongly influence' choice of both prey type_ and exploitation
strategy (see Chapters 1 and 11). .Thus. perhapé the most

lnteresckng ‘and promlsing aspec:/of future research is

fuyther investl.};ation of how hympback uhale feedlng
Lnfluénées behaviour of’ préy axfagations Quescions t:hat
might be addresssd lnclude ‘how krill and ‘fish schoaIs of .
duterem: specj.es react to:repeated dlsrupl:i:m. “and whxch
spef:ies respond to bubbles' or the appruach of 1ight ‘objects
(ie. flippers) Such a focus mxght determf.ne why humpback
whales use a partlcular fnr‘aqing strategy on a partlcular -
t:ype cf prey, whether prolonged forhging really -does 'dlsrupt

prey schools and if foraging group caordlnation could =

function to minimize prey dlsruptlon Frad et e,
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. Kn‘ovledqe of particular aspects of vhale foraging
= ecology. (some of which this study attempted to address) such :
as the locations-of prey aggregations and of imporcan:
feeding areas and which are the preferred.or most heavily
e Such knowledge permits

gxcploi:éd :pray species is important.
assessment ot tha vulnqrabillty of a cetacean pupulat.lon to .

chnnges in pruy av-nabnx:y that ‘might result from human
—explgls;:;m or -environmental damga.
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. Table AL s t

Varkec Channel multiple regression analysis on- the data set -
. composed of only the éirst dive of every hour..This was.done R
N ) to remove autocorrelation from analyses in Table .3.7.
S Two multiple regressions' were performed using unitime as the’ .
. dependent varlable: The first analysis inc].udud both bait . Ty
- and whaleé measures as independent variables, in the second, . f
E B bait variables.only were use TIME and DIVETIME "we: .
% . regrassed on bait var‘iables on Yy

DEPENDENT . SRETIME - DIVETIME. '~ -
VARIABLE < e AT | . ;
.+ - 'Bait'Variables. + All' p<0.01 . “—AIl- p<0.01 .+ .
o B Significant SRR SRS T Wi L & e
.  First variables ' TOPFP /57.9 . . ELREP - 45.7 = _ - .
» . entered - and AREA . TOPAV 56.8
* * cumulative -~ TOPAV _VEXTAV'  59.5(-
; proportion of -ELREP. | DVEXTER  Ga.2(- Lo
= variance - . .. VEXTAV % .6 -
accounted for S f W - B 7
T Total “proportion ; T, gy O =¥ c
: of 'var iance P 69.2 A 67.1 . e
% accuun:ed for. = . - =~ . ¥ s - e S o
i Durbin-Watsons ~ . no autocorr inconel p<.05 - '
(R . test: ¢ - $Ew w w inconcl p<.0Y, -~ -
_— DEPENDENT ~* UNITIME UNITIME
é ) VARIABLE i . K - T
. Significant . A1l p<0.0l - All. ,p<0.01 § o
N é Variables = . § . (_ A S Y B
¢ First Variables - TOPAV 5. s‘ v TOPAV ‘858 . .. .,
g entered al E _FLREP .. :65:7 .
- cumilative ©Ghstie see. * VEXTAV® '67.8(-). ‘
proportion of GROSDIR .78.6 ¢ - TOPEP  74.0
variance ..~ E:LRAV . 80.0
- accounted for ., -~ VE N . LR
e Total proportion . R W . ]
ot of variance . 86.4 - 5.7 % - _ -
accounted .for K
Durbin-Watson. no autocorrel autocor: p<.05
test i i 5 5 o autocor: p<.01 T

iy
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‘Table Al.2

- Varket, Channel results from multiple regression analysis
on”the aggregated data.set consisting of 'the holrly means
of each variable. This was done in an attempt to remova
autocorrelation from analyses in Table 3.7. In tl
first row of equations independent variables anlu&e both.
whale and bait measures, in the second row, bait variables
only are included See Table 3.7 for more explanar.mn

- 5, 8
DEPENDENT & ¥ SURFTIM'E - " DIVETIME. UNITIME
IABLE. - - \ . ) v
Independent N, . LB
ar s All p<0.001 All 'p<O All p<O.001
Significant . i o .
1st variables TOPAV 53.1 - .TOPAV /'* 73.8 TOPAV 75.2
entered and  GPSIZE  72.1 GROSDIR -.81.2 GPSIZE 81.2
cumulative DIRN 74.2 ' VEXTAV  82.2(-) GROSDIR 83.0
proportion of NETDIR _ 75.5  SURFTIME 83.1 NETDIR 83.9
variance DIVETIME 77.4 GPSIZE 83.7 EA 7
accounted for LRF 780" ‘TOPEP 84.1 VEXTEP 86.4
TOPEP 78.5 TOPEP

Total propértion
of variance - 81.1 85.0 87.1
accounted for . .

Durbin;Watson no autocorrel no autocorrel inconcl p<.05
test - e no auto p<.01
DEPENDENT . SURETIME DIVETIME .’ UNITIME
VARIABLE . - X | .
Bait . i e . .
Variables' All p<0.001 - All p<0.00L  ‘All. p<O.00L
Significant . . _

1st variables L %y
entered and  TOPAV 53 1

75.2

cumulative ELREP 7.0
proportion of TOPEP 60. 7:3

variance EA 62 74.7(-) VEXTEP :78.8
accounted for VEXTEP ‘68 2 . XTAV 79.1
Total proportion’ ) X

of variance' . . 68:7 74.8 L9
accounted for . e ” L.
Durbin-Watson no aut‘.ot':orrel no ‘autocorrel " no autocorrel

test s - <
~ : v R

il
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e . Table AL.3 * 1
Trinity Bay multiple regression analyses on the data set
composed of only the first dive of every hour. This was
done in afi attempt to remove autocorrelation from analyses
" : in Table 4.4, Both whales and bait measures were used as LA
©  independent Variables in-the first row of equations, bait
variables.only were used in the second row. See Table 4.4 T

for further éxplanation.

L O e 3
t DEPENDENT : s . DIVETIME . . X Se UNITIME . " *
‘' VARIABLE . . . ' « v
Independent i s '3
B, Variables © “AlL, p<O.001 ALl p<0.001
Significant < e 5
First variables + AREA , .16.9 . VEXTAV 16.9(-) -
- entered and GPSIZE ° 29.7 = GROSDIR - 38.0 .
cumulative ELRAV 35:6 TRATE ,81.9
proportion of TOPEP 44.2 GPSIZE. '60.3(-)
’ varlapce SURETIME 46.5 ELRAV 62.1
accounted for VEXTEP 47.1(-) TOPAV - . 64.6
3 NETDIR 1.6 .
N .GROSDIR 50.5 .

Total proportion . i
of variance L] 51.7 65.4
accounted for

Durbin-Watsén » no autocor p<.01 | autocorr p<.<$5 l'\
test ‘ inconcl p<.0S * inconcl p<.01

. DEPENDENT * SURETIME DIVETIME UNITIME
VARTIABLE i -y ’

. . .

- - Bait . :

Variables ~ All p<O.001 All p<0.001 All p<0.001
Signi ficant e

i 1st variables % §
@ entered and FLREP - . 11.9 VEXTAV ~ 19.1(-) VEXTAV "16.9(-).,
cumulative VEXTEP 18.8(-) ELRAV ~ 30.5 ELREP 35.7
proportion of F! 20.0 TOPAV. 41.5 ‘TOPAV {
. variance . -VEXTAV  20.2(-) VEXTEP 42.1(-) VEXTEP 40.9(-)
accounted for . ‘TOPEP

@
o
o

Total. proportion ~ »
of variance 23.9 - 426 ! 4.6
~ accouiited . for N " B

i Durbin-Watson inconcl p<.05 ' fnconcl p<.05  autocor p<,05
test * no auto p<.0l -ng auto p<.01 inconcl p<.O1
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Table Al.4
- Tr'j.nity Bay multiple regression analysis on the nggregated
. ¢ iab:

data set- consisting of the hourly means of each
Independent variables include both whale and bait measures

« % i in the first row of equations, bait variables only are
ey ‘ .+ included in the second row. See Table 4.4 for further .
explanatiom. - ,
: DEPENDENT = SURETIME DIVETIME - UNITINE - . -
S, VARIABLE . - 5 .
‘Indépendent : T . 2. ow e P
Variables All p<0.001 All ‘p<OA001 All  p<0.001
significant - ., . 5 .
' 1st ‘variables ~.ELREP 30.3 SURETIME 19.3 FLREP 21.9
entered and GROSDIR. 41,1 GPSIZE  30.6 GROSDIR 25.8
- cumulative \TE 74:4 TOPAV 3.2 TRATE 44.6
proportion of DIVETIME 77.2 AREA 42.9 CPSIZE 49.9
variance ¢ NETDIR 79.8 : FLREP 49.4 VEXTEP 53.9(-)
; 3 - accounted for TOPFS 82.0 TOPEP 50.6 TOPAV ~ -60°9 - .
@ 4 3 . TOP) - 83:2 TOPEP 64.2
-~ Total proportion N e Cos
o of'variance 85.3 52.3 64.9
St £ accounted for E
® Durbin-Watson no autocorrel autocor p<.05 autacor p<.05
' test & e autocor, -p<.01 autocqr p<.0l {
By DEPENDENT - SURETIME DIVETIME ,UNITIME
K 'VARIABLE Ll
- [ - . -
-Bait ; {
Variables All p<0.001 All p<O.001 ‘All  p<0.0O01 -
) Significant . : :
: Eirst variables
“entered and ELREP Y 30.3 ELRAV LREP 21.9 -
» cumulative VEXTEP . 30.9 o TOPAV 13 75 VE)(TE'P 24.8(-)
% proportion. of AREA 35.5 VEXTEP TOPAV 35.9
N variance VEXTAV 35.8 EA

EA .1

accounted for, TOPFP 35.9 TOPEP" 32 5( ) VEXTAY 36 2
s Total proportion O
N 36.9 j
\

~7

of variance 32.9 36.2
accounted for - . .

b o Durbin-Watson inconcl p<.0S autocor p<.05 autocor p<.05

3 test 1nconcl: p< Ol¢ autocor p<.0l ‘autocor p<.01 .
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Table A1.S '

/
~Gr/eac Island, multiple regresslon analysis on the data set
composed of only the first dive of every hour. This was done
= in an attemgt to remove autocorrelation from the analysés in
Table 5.4. Both whale and bait measures .were used as
independent variables in the first ‘set’ of equatiol e
independent variables lncluded bait variables unly in the %
second set of equatio

DEPENDENT ~ SURETI .+ UNITIME

VARIABLE .
Independant 5 * . -
Variables <0.01 except All p<0.01 _All p<O.01
d Significant F;psxzs p<O i L )
. : : ,-DIRN 29.5(- 3
1st variables CPSIZE 14.6 GRQSDIR 39 9 GPSIZE noeg 2
- entered and ‘TOPAV - .24.2 AREA 'IUP 30.0 o
cumulative DIRN 33.4 ‘TOPEP 4 36.3(-) .
proportiondf AREA "y VEXT?V 59«2 m."mm 63.8
variance - NETDIR 38.5 NETDIR 64.6
accounted for.. TRATE "64.1(-) GPSIZE ' EZ FLR.AV 72.8 ®
- « ELREP 69.1 ‘TOPAV "62.9 74.2
FLRAV 79.3. .TRATE 63.3(-): DIRN . 75.4
N VEXTEP 81.0 ELRAV 64.4 + GROSDIR- 78.0
k2 - ELRFP 67.4 ~ :
S . VEXTEB,. - 73. 3( ) 7
@ 2 Total proportion - ) b
- of variance 82.3 73.4 S 198
‘ accounted for : : . s LI
) g 3 . §
L Durbin-Watson no autocorrel  no autocorrel , - no autocoyrel
z - I3 g .
~ DEPENDENT SURETIME ~S © DIVETIME - . UNITIME
d VARIABLE g [
. . Bait Variables %0405 except p<0 01 extept - F«) .01 exce ot sl 5
¥ oL T S&;.niflcanc XTEP n.s. VEXTA LREP, ,/‘ ¥
. s S A p<Q.05 0 057
1st variables K VEXTEP 4,6 TOPFP "22. ‘! TOPAV 9.3 ’ -
A entered and VEXTAV  23.5 TOPAV 25,6 TOREP 15.8 C
[ cumulative TOPEP 26.1. . AREA 27.6 (- VEX P -16.9 - X
o proportion of 'KJPAV 37.8 VEXTEP 35 0 34.6. %
N variance 37.9 ELREP -3 34.9 b
g accounted for E'LRE‘P 38.1 FLRAV - 43 6 F v, 35.0 4
gr FLRAV 46.9, B FLREP .. 39.8 5 50
. Total Pproportion P
r f variance @69 © 44.3. 398,
‘ accounted for : ) o ¥
: “ Durbin-Watson no autocorrel, autodor p<.05 ' no autocorrel

] : g " test ¢ autocor p<.01
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Table A6

Great Island, multiple regression analysis on the agqregated
data -set cons!stiné of hourly means of each variabl

In the top rowtof equations; Lndeper
both whale. "and bait measures. Equat.
contain bait variables only in the i
See Table 5.4 for. further explanatio

DEPENDENT

ldent variables include
ns ih the second r .
dependent variable list.

- SURFTIME DIVETIME UNITIME
o VARTABLE . ol s
Independent 2 ” i . %
Variables - -, All p<0.O1.'  All . p<0.01- All p<O.01
"$ignificant . . G 9 .
: . J ¢ DI . 3a.8() ToPAv 2.8 "
1st variables. - GPSIZE' 47.5(-) GROSDIR 35.4
entered and GROSDIR" -44.8 TOPAV 50.3 TRATE 49.7
cumulative TE  .85.4 SURFTIME 54.2(-) DIRN 55.3(-)
proportion of NETDIR  87.0 IRAV  55. %.wr . .
var tance -81.7 EA . 60.3(- EA 62 2( )
accounted for VEXTEP 87.8~ VEXIFP 61.7(-) TOPEP
" “ TOPFP 65,5 TEP
- VEXTAV ~ 68.8(-) VEXTAV 70 5
Total .proportion '
of variance 89.0 70.0 - 71.0

accounted for -

Durbin Wx:son inconcl p<.05
. no auto p<.01

_no autocorrél

no’ autocorrel

’ 12
DEPENDENT SURFTIME DIVETIME UNITIME
VARTABLE : i
Bait Variables  none All p<0.01 . A1l p<O.01
ngnl.ﬂcan_t &

_ lst variables g ) %
entered and -VEXTEP 1.0 TOPEP 31.0 ‘TOPAV 23.8
cumulative VEXTAV 2.5 AREA 31.3(-) TOPEP 8.4

. proportlan of FLRA.V 8.3(-) VEXTEP 37.0(-) FLREP 33.9.
variai TOPA\ 17.3(-) VEXTAV. 39.3(-) AREA 42.6 (-
uccountad for IOPEP 18.2(-) TOPAV _ 44.8 VEXTAV ~ 46.4 (-

. 4 5 .
Total proportion g « 5

. .¢f variance 18.6 a5.4 4.4
agspunted for ]

Dn‘bin-wntson nutocnr p<. 05 autecor p<.O8 no autocorrel
inconcl p< 01 - inconel p<.@1
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Table A2.3. .First order correlation coefﬂcients betveen pair! of
variables in the Creat Island data set of hourl . ** indicates
significant correlations at p<.01, * indicates ssgn;_ncance at p<.05.
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Table,A3.1

Varket Channel, results from multiple regression analysis

using only footprint values for bait varlables. Values of

bait variables averaged 150 m around the footprint are not

7 in the equation. This was done in an attempt to-remove the
o P effects of multicollinearity from analyses in Table 3.7. In
Ne the upper_séction of the table both whale and bait measures
are included as independent variables; in the lower section,
bait variables only are included. See Table 3.7 for further

explanation, & \
DEPENDENT » SURETIME o . DIVETIME * UNITIME
VARIABLE a o T . §
Independen AN Aol T g e .
. ?» Variables ‘All - p<O.001 “~All p<0.001 All p<0.001 :
. Significant’ 4 o By E . sy
g _ 1st variables TOPEP .. 27.0 ~ TOPEP -31.2° ‘TOPEP 3
% e entered and ° GPSIZE °39.7 ' SURETIME 35.5 GPSIZE 19
i ’ cumulative DIVETIME 43.6 +GROSDIR * 37-.1 VEXTEP- 46.8(-) - -,
2 proportion of - TRATE 45,0(-) VEXTEP ~38. GROSDIR 48.5
variance GROSDIR 5. - AREA 42. TRATE 54.6 (%)
. - accounted for DIRN 53. - DIRN 55.3
i T . AREA, 56.2(-)
Total prpportion ' . ; B
of variance . 54.6 . 42.7 R 56.3 o
accounted for o . . ' .
. tow 1 i % 5
¥ u DEPENDENT © - SURFTIME . DIVETIME" UNITIME
VARIABLE . . ’ .
Bajt L w8
e - Variables ' All p<Q.001 All p<0,001 All p<0.001

Significant

1st variables =
TOPEP . [30.2 TOPEP 38.8

- entéred .and.  TOPEP .26.6
cumulative = FLREP 28.1  VEXTEP ' 32.1(-) VEXTEP  40.1(-)
proportion of. AREA 30.4(-) AREA 35.5(-) ELREP 41.2
variarice . - [ 1

accounted for

Total proportion k .
of variance -30.5 s, 35,3
accounted for .
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Table A3.2

Varket Channel, results from multiple regression analysis
on the aggregated data set- (hourly means of each variable) . N
using only footprint values for bait variables. Values of =5 @
bait variables averaged 150 m around the- footprint are not ?
in the equation. The effects of &utocorrelation and- of * 7
multicollk‘earlty\are thus removed from this analysis. In N :
the upper section of the table.both whale and bait measures
are included as independént variables; in the lower section, . B
bait variables only are-included. See Table 3.7 for further .
y g explanation. yr .
i “ 2\ .~
Y . : s .
¥ ' DEPENDENT SURETIME - ™  DIVETIME .~ UNITIME

VARIABLE ? L ’ %

-~

Independent - P o T g T T SN
Varisbles.  All p<0.001 -All ¥<0.001 All p<0.001"

Significant B

1st variables i . - R

entered and TOPFP 47.8  TOPEP . 63.0 = TOPEP - .

; L. 3 GPSIZE “68.9  CROSDIR 75.6  ~GPSIZE ° 73.
. proportich of DIVETIME 72.2  VEXTEP _ 81.1(-) CROSDIR 77.8.
" variance ; SURETIME 83.2 = AREA 81.8(-)

accounted for NETDIR 84.2

-

Total proportion N
. ” of variance +'73.0 83.3° = . 84.2
F accounted . for

o DEPENDENT' - . SURETIME DIVETIME" UNITIME ¥
VARIABLE ] o

Bait - . % . ® g e
( Variables All  p<0.00L - All p<O.001 All  p<0.001
Significant =t - ~ LA e, :
N 1st variables . L : . . * .
entered and 'TOPEP . 47.8 ‘TOPE] . 63.0 - TOPEP 65.8
cumulative- ELREP 55.0 VEX' 67.6(-) AREA 69.2(-) :
propohtion of AREA 59.7(-) - . 3 B o
varjance A - i ot
ted  for . .

Total prﬁpor\:ion‘ 3 %
v % of variance 60.0 67.8 5 . 69.3
o accounted for . . .
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Table 'A3.3

Trinity Bay, results from multiple regression. analysis
using only footprint values for bait variables. Values of

bait variables averaged 150 m around the footprint are not

in the equation. This was done in an attempt to remove the.
effects of multicauinearing from analyses 'in Table 4.4. In
the upper section of the. table both whalé and bait measures
are included as independent variables; in the lower. section,
bait variables only are included. See. Table 4.4 for further
explanation.

DEPENDENT SURETIME DIVETIME .UNITIME

VARIABLE. . : e 5
Independenc ' ’ ' B :
Variables “ALY p<o.001 . All_p<0.001 All p<0.001
Slgn.\f.\cam: . i ” . N s ‘
1st varxables' GROSDIR 13.9 SURETIME 4,5‘ ELREP 111.9
‘entered and < 'TRATE  54.4(-) GPSIZE 4(-) GROSDIR 15.5
cumulatiye FLREP 56.6 ELREP 7 ‘4 TRATE 28.3
proportion of -DIVETIME 58.0  VEXTEP 8. e( ) VEXTEP "30.1(-)
variance NETDIR . 5 TOPEP 1.0 ‘TOPEP 31.3
“accounted for. TOPEP’ 59. " NETDIR 31.8
S | JPSTZE 592 T,
'otal preportion . X
.-~ of variance . 59.3 ) 121 -: 32.3
accounted for |
DEPENDENT. " SURETIME DIVETIME °  UNITIME
VARIABLE . v .
’éa,ié_—“"' 2 5 3.
Variables * ‘All p<0.001 All p<0.001° ' All p<Q:001

Significant - | i P B o,

1st variables . s r . i
~wentered and' FELREP- 13.7 ELREP 3:6 - . FLREP: 11.9 .
cumulative - VEXTEP - 14,7(-) VEXTEP 5.3(-) VEXTEP '14.1(*)
propoertion of -AREA 15.5 ‘TOPFP 8.1, P] 16. -
wariance . g k AREA 16.9(-)
accounted for . - 5

'I'ohl preporuon e - :

of variance 156 . - 8.3 16,9 ©, °
accounted for . .. 1

. h
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Trinity Bay, results from multiple regression analysis
on. the a?greq-ted data set (hourly means

nsing on

of each variable)

y footprint values for bait variables. Values of

bait variables averaged 150 m around the footprint are not
in the equation. The effects-of autocorrelation and of
mltxcalunelrity are thus removed from this analysis. In

e upper section of the_
are included as ‘inde

table both whale and bait measures

dent variables; in the lower section,

lepen
bait variables unly are lm:luded See Table 4.4 for further N

sxplanacion

DEPENDENT -

VARIABLE g
Independent:

Variables
Significant

1st variables
entered and
cumulative

" proportion of,

variance
accounted for

Total proportion
of variance* -

accounted for

DEPENDENT
VARIABLE

_Bait
Variables
- Significant .
1st variablesd
proportion of

variance
accounted for

SURETIME

ALl p<0.001

ELREP - -30.3
GROSDIR 41 1

TRAT

DIVETIME 773
NETDIR = 79.8
TOPEP ~ 82.0

SURETIME
All p<0.001

FLREP 30.3

Total proportion

of variance
accounted for

30.3

U

DIVETIME UNITIME
AL péo.oc:L"' All p<0.00L
SURETIME 19.3 _ FIREP . 21.9
GPSIZE 30.6(-) GROSDIR 25.8
TOPEP . 34.9(- . aal6
AREA 41.4(-) GPSIZE & 49.9(-
FLREP .9 VEXTEP* 51.8(-

P 59.0
47.1 59.0
DIVETIME UNITIME
All ' p<0.001 A1l p<6.001
. .
ELREP '.o . FLREP 9
TOPEP 4 1) yexzee. 24.8(-)
Ve 3 a )/ TOPEP ~ 35.2
.
30.5 136.4




Table A3.5

Page 234

Creat Island, results from mul:iple regressj,on analysis
using only footprint values for bait variables.

. Values of

. l bait variables averaged 150 m around the footprint are not
i «~ - _ in the equation. This was dope in an attempt to remcve the
-In

T “effects of mul:icollineari;glfrom analyses in Table 5.4.

the upper. section of the t

explanacion.

VARIABLE

s 4 Independent
Signiﬁcanc

1st variables -

entered and GROSDIR 14.0
cumulative TRATE 4

proportion of’ DIRN 49.
variance NETDIR  51.4 DIRN

agcounted for

(-) Cpsize
URETIME

[ = Total 'proportian
N of variance 52.0 A 25.4

& % _ accounted for J /

VARIABLE

Slg'nl ficant

1st variables - ’
« entered and TOPEP
: ! AREA °

&t proportion of - . FLREP
5 variance ., i VEXTEP
accountsd for" -

o B Total proportion. . '
oo ol ghonerd v
accounted for :*

DEPENDENT SURETIME _ - DIVETIME

riables. - All p<0.001 . All p<0.001

ESH

= £ L
DEPENDENT. - SURETIME DIVETIME

Bait s
Variables -~ none-. = All p<0.001

89

16.2

.

- 5
UNITIME

e both whale and bait measures
are included as’independent variables: in the lower section,
=V . bait variables bnly_are included See Table 5.4 for furt]\er

’

All' p<0.001

TRATE

TOPFP

X

UNITIME

All

0.7

p<0.01

TOPEP-
13 i 3

5.7

s
5.5
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L4 Table A3.6

Créat IsNn¥, results from multiple regression analysis
on the aggregated data set (hourly means of each variable)
using only footprint values for'bait variables. Values of
. 'baitgariahhes averaged 150 m around the footprint are not - .
- 4 in{t] equation. The effects of autocorrelation and of .
multicollinearity are thus removed from this analysis. In
- the upper section of the table both whiale and bait measures
- are included as independent variables; in the lower section,
bait variables only are.included. See Table 5.4 for further .
explanation. - e . kil g eny
DEPENDENT * . SURETIME DIVETIME - UNITIME
VARIABLE * . 3
P Independent N i
L Variables All p<0.001 - All p<0.001 - All p<0.001
Significant — :
1st variables !
entered and GROSDIR '44.8 DIRN 34.8(-) TOPEP
cumulative 5 GPSIZE 47.5(-) GROSDIR
proportion of NEIDIR 87.0 . TRATE
variance = DIRN
accounted for

w03

1
3
4
5

R ¥ Total proportion .
of variance 87.0 -47.5 54.0
= accounted for a/

DEPENDENT \ SURETIME " DIVETIME UNITIME
VARIABLE j

B S ’ .
. ‘e * Variables none All p<0.01 All ,p<0.01
‘e Significant . . .

1st variables .
H entdred and’ .
Vil . cumylative * ¢ . TOPEP .31.0 TOPEP 1.5
N proportion of s e ik
variance § .~
accounted for E :

‘Total proportion
of variance . 31.5 . 17.5
accounted for

- .
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. Table A3.7 e

Southern Shore, results from multiple regression analysis
- removing=pairs of highly correlated variables from the
Vs ation. This was done in an ‘attempt o correct for the "
/ 3 ,effects of multicollinearity from analyses in Table 6.5..In b
the upper section of the table both whale and bait measures: 1

- are included as independent.variables:; in the lower section,
3 bait'variables only are. included. See Table 6.5 .for further
explanation. * . 4 oy
DEPENDENT SURETIME DIVETIME " UNITIME . .
VARIABLE ~° s » »
’ Independent o .
aniables All 'p<0.001 All p<0.001 All p<0.001 .
- Significant A 3 @ L

1st variables GROSDIR ., 35.7 * FELREP . 26.9 GROSDIR 21.7
entered-' and \TE 50.. SURETIME 28.3 TRATE 36.8(-) "
cumulative NETDIR 5276 VEXTAV ~ 29.4 ELREP 44.
B proportion of GPSIZE  53.5(-) VEXTFP 30.7 NETDIR' 46.3

variance 'DIVETIME 54.2 o

accounted for VEXTAV. 55.1 .

Total proportion
of variance

55.1 30.7 d 46.3
accounted for .

” DEPENDENT SURETIME DIVETIME - UNITIME
VARIABLE .

¢ Bait ’ "
1 Variables none All p<0.001 . FLRFP p<0.01 ., .
o Significant ‘

1st variables b’ ) - . .
. cunulative . FIRFP , 26.9  FLRFP - 4.1

proportion of
variance

accounted for B : f %
- . . o
Total proportion, i
2 of vgrlgnce ! 1 26.9 .
5 3 accounted for " .
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Table A3.8
: Cape Broyle, results from multiple regression analysis 2
removing pairs of highly correlated variables from the
- ation. This was done in an at t to correct -for the
Sy effeqts of multicollinearity on analyses in-Table 7.4. In
= th upper section of the table both whale and bait measures
are included as independent variables; in the lower section,
bait variables only are included. See Table 7.4 for further

explanatio. .

i DEPENDENT SURETIME . DIVETIME AN -

) 3 VARIABLE e ) ! :
Inde{enden t . = v, N “

All p<0.001  All p<0.01  All p<0.00L -

Significant— . ®, .
1st variables - ! .

A entered and CROSDIR 40.3  DIRN 44 MEDR 357
cumulative. TRATE  72.8(- TRATE  56.1(-)
proportion of DIRN  74.9(- GROSDIR P

variance
accounted for

Total proportion
of variance 74.9 4.4 65.3
accounlted for )

e , : B
DEPENDEN'T"\ SURETIME DIVETIME UNITIME ’
VARIABLE

Varlahles “ none none ". none
Significant

1st variables - .

entered and

cumulative " . AREA 3.7 VEXTAV 3.5

. + proportion of s

. . - variance

® ¥ . accounted for : . -

# d 'Total proportion v ' <
* e of variance g 3.7 3.5
accounted for
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LI Table A3.9

. Krill feed.lnq. results from multiple regression analysis
o o / requving pairs of highly correlated variables from the

N ?u This was done in an attempt to correct for t);e

) e fact:s ct multicollinearity from analyses in Table 8.4. In
the upper section of the table both whale and-bait measures

¢ are included as independent variables; e lower section,
See 'lisg' 8.4 for further

bait variables only are included‘
explanation.
DEPENDEET * SURETIME ( " DIVETIME 'l-lANITllE.

Variables -

- VARIABLI
\ | Indépendent ' . - o ~ "
~ All p<0.01 All" p<0.01 All p<0.01
Significant F R o& _ = .
.

” 1st varjables
entered and GROSDIR 48.5 GROSDIR 23 74
TRATE ELREP 7.7

-cumulative
proportion of - FLREP 90. 2(-) AREA TRA’I'E 69 6

g variance
o accounted for « .

Int:l pl:zporr.lon ’
2 ~~ of variarice 90.2 . 4 l\
5 : "™ accounted for .

DEPENDENT SURETIME ! DIVETIME . UNITIME
VARIABLE - g (-

‘Bait |
o Variables none . All p<0.01 ° All p<0.05
hd) v Significant ? .

1st variables

proportion of
N ‘variance
- . accounted for

Total prnpoi‘tlon E
M of. variance \_ .26.9
Lo accourited far &
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